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by

M. A. Beeny, Grad. Inst. P.
Enginccring Division

A. & AE.E. Ref:  AEN/72.02
Period of Trials: May 1963 - July 1964

Sumnary

Tests were made on a small carth tunnel to check its rcsistance to
erosion and to assess the nolse reduction that may be expected when such
a device is used to muffle the exhaust noise of a jet aireraft. Photographs
taken before and after tests with a Hunter aircraft are given, and estimates
made of the attenuations duc to absorption of sound by the chalk walls, a 30°
bend, and an exit which dircets the efflux up into the air,

It is concluded that there will be no serious erosion problems in a
chalk tunnel if the gas velocity is less than 800 ft./sec. and that the
50 ft. tunnel gave a maximum of 22 dB attenuation.
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1. Introduction

It has been suggested that with modern earth moving equipment an
aircraft jet engine noise suppressor could be constructed in the ground
comparatively cheaply, by digging a sultable trench and covering it with
steel piling and then laying the s;0il over tle top. The efflux from the
Jet engine could then be ducted into the tunnel and discharged at the
far end after the noise had beesn reduced by expansion, cooling and absorption
along the tunnel walls.

A pilot tunnel was constructed at Boscombe Down, to test the resistance
of the local chalk to erosicn and the opportunity was taken to perform tests
which would give an estimate of the absorption of the chalk, the attenuation
due to a 30° bend in the tunnel as well as the effect of a vent at the end
of the tunnel which directs the sound into the air.

2. Description of Tunnel

This was excavated out of the solid chalk subsoil and was 7'6" wide
and 7'6" deep. The first section was 30 ft. long followed by a 30" corner
and a further section of 20 ft. All but the last 8 ft. were covered witi
steel piling and the spoil from the trench heaped up on tog. A 4! diameter
steel pipe was positioned to accept the jet efflux from a Hunter aircraft
and lead it down into the first section of the tunnel <t an angle of 157,
rige 1 15 a plan of the tunnel which gives dimensions and some of the test
positions,

3. Method of Test
3.1 Wall Erosion

A Hunter aircratt was positioned so that the jet efflux from it
entered the steel inlet tube and was directed into the tunnel. Photographs
were taken of the walls and floor before and after the tests and visual
observation of the exit was maintained during the tests for indications
of excessive erosion. Infact the first run .as stopped after two minutes
because the size and quantity of challk debris in the exhaust gas stream
suggested that a substantial f2ll might have occurred. Local protection with
Pierced Steel Planking (- .S$.F.) was applied and a further run of ten minutes
duration made.

3.2 HNoise Aborption

The noise bsorgtion due to the chalx walls was esiimated for
each of the mid frequencies or the standard octave bands by measuring the
sound pressure levels (s.p.Ll. in dB reference 2 x 10~% micro-bar) produced
at various positions along the tunnel by a loudspeaker situated at its
head and driven by a Eruel and Kjeor oscillator. A warble tone was used,
to prevent the formative of standing waves. Tho s.p.l. measurcments were
made with a Scott sound level meter at five foot intervals alon;. the centre
line of the tunnel as well as a. one foot intervals across it at the
positions before and after the 30° bend.

Sound pressure level measurements were also taken above groand level
for positions about the tunnel exit laying on circles of radius 10!, 20!
and 30' and having angular separations of ,5° one from the other. For
these me~surements two positions of the loudspeaker were tried. One set
of results was obta:ined with the speaker at the 30° corner and another
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set with it lyimg on ils buck on th floor of th. tunn 1 in lin. it th.
centre of the exit.

Sound pressure level measurements were also obtained while a
Hunter aircraft engine was running into the tunnel. These measurements
were taken at four positions lying on & 100 yds. radius circle centre Jjust
aft of the aireraft's tail at angles of 90°, 1125°, 135° and 157%:°. Zero
degrees buing in the dirvetion the wirer.ft vus £ .cing. A corrcsponding set
of mcasurcments was obtained with the aireraft away from the tunncl.

Lbe Results
L1 srosion

The erosion of the tunnel floor and walls may be estimated from
the photographs in figs. 2 and 3 which show the inlet into the tunnel
looking from the 30° bend both before and after the test runs with the
Hunter., Fig. 2 shows the erosion wnich occurred during the initial two
minute run and it can be seen that the majority of the damage is confined
to the lower portion of the walls and floor. Careful examination will
reveal that it was the floor which sustained the greater damage and
because of this P.3.P. was provided for the second run of ten minutes
duration. The effect of this second test may be assessed from the piciures
in fig. 3 to be only slight. In fact the loose debris found inside the
tunnel was less than § of that which had to be removed after the first test.

4.2 Loudspeaker Tests

4.2.1 Absorption by the Chalk Walls

The results of tests using the loudspeaker as the sound
source are given in table 1 and fig. 4 which show the overall attenuation
to be about 13.5 @B or 0,34 dB per foot run. Assuming that the steel roof
absorbed a negligible amount of sound energy this corresponas to an absorption
co—efficient for chalk or around 1.5 x 10-¢ dB/sq. ft. for sound pressure
levels in the range 60 to 110 d5.

4.2.2 Attenuation due tc the Bend

fig. 4 gives no definite indication that the 30° bend
caused any increase in the attenuation over that due to the straight portion
of the tunnel. Additional measurements taken about the bend adjacent to
the wall screened from the noise source also failed to detect any
appreciable attenuation due to the corncr.

k2.3 Effect of the Sound Coming from Below Ground Level

The results frem the tests with the loudspeaker positioned
firstly at the bend and secondly on the floor at the exit are given in
table 2 while figs. 5 and 6 are samples of the granhs used in making up
the table. In all cases the s.p.l. weasurements were taken in and around
the tunnel at positions alone lines radiating from the centre of the exit
at angles of 459 to one another. The results are plotted in dB against the
distance from the last microphone pusition inside the tunnel. Straight
lines have been drawn through the points for the positions outside the tunnel
and th.s> have been extended to estimate the s.p.l. which would have been
expected at the initial position if the tunnel nad had a straight exhaust
system., The difference between the estimated =nd actual values have been
taken as a measure of the attenuation producecd by the exit. These values
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are given in table 2 and show that the exit bend should contribute 14 dE,
or about half the total attenuation of the tunnel, Further if the noise

could be directed vertically upwards & further 6 dF of attenuation should
be available,

he2.h Lotal Efect of Tunnel

The tests conducted with a low intensity sound source and
without air flow ihrougi. the tunnel show thal a total of 28 d5 of attenuation
can be obtained.

Le2.5 Alveralt Hoise Attenuation

The noise of the Hunter engine running-up into the tunnel
and in the open is given in tables 3 and 4 while the attenuation due to the
tunnel is shown in table 5,

5. Discussion of QResults

An estimate of the gas velocity at various positions inside the tunnel
has been made using the standard jet velocity of &« Hunter and the cross-
sectional area of the gas stream at the points considered. The maximum
velocity of the jet impinging on the floor was celculated to be of the
order 2,300 ft./sec. which caused considerable erosion of the chalk while
the minimum velocity was estimated to be 800 ft./sec. which caused negligible
erosion. The final gas velocity within the square section of the tunnel
was also estimated to be about 800 ft./sec. which suggests that if the steel
duct had been arranged to direct the exhaust gas along the tunnel instead of
at the floor the erosion would have been very much less than was actually
experienced.

The tunnel has been in existance for over a year and shows signs of
deterioration which may be attributed to two causes:-

1. engine runring vhich now totals 20 minutes around the full thrust
region o' a Hunter airvecrsft, and

2. weathering which although small compured to engine running damage
is quite wefinite and detectable as a flaking away of the chalk
valls al the exit end of the tunnel.

No tests were mide to assess this damage quantitatively.

The mean attenuations -~iven in table 1 was determined excluding tae
values of 24..6 4B at 450 cps and 18.8 Ab at 7.2 hcs as these values are
quite destinct from tho rest of the results, An increase in the attenuation
as the frequency inarcuscs is to be expected and the figure of 13.8 4B is
probably quite genuine, Howcver, a value of 24.6 d3 at 450 eps would suggest
that the chalk exhibits selective absorption about this frequency. However
tests with the Hunter aircraft summarized in table 5 do not support this.

The tests made inside the tunnel with a low intensity noise source
indicate that som2 &3 dB of attenuation should be available while tests with
the Hunter realized s maximum of 22 dB. There are two major differences
between these tests. Onc set was made in still air at relatively low sound
intensities while the other was at high inteasity and in a moving stream
of air which should cfrectively shortea the tunnel. Secund travelling at
1100 ft./sec. would lake 4.5 x 102 scconds Lo pass through the tunnel in
still air, while the gas stream moving at about 800 ft./sec. would move
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36 ft. in the same time. Hence the effective length of the tunnel when
reduced to still air conditions is only 14 fi. vihich represents about 5 4B
of attenuation. When this is added to the estimated 1/ dB due to the exit
being below ground level we get better agreenent between the two sets of
results,

Although this is by no weans conclusive 1t does lend some weight to the
inference drawn from the still air tests that extra atteavation should be
available 1f the noise could be directed vertically upward into the air
when it leaves the tunnel instead of al an e¢stimated 60Y as ia the present
case,

6. Conclusions
(&) A tunnel of the type described may be used as a noise attenuator
without sevious eroslon being encountered provided that the exhaust
gas velocity is kept below 800 ft./sec. Higher velocities may be
possiblu if the gases at the inletv end 2re directed along the tunnel
rather than at the floor,

(b) The maximum attenuation of Hunter engine noise produced by this
tunuel was 22 dB.

(c) liost of the attenuation appeared to arise at the outlet from the
tunnel which directs the gases and uoise into the air,

(&) a 300 bend inside the tumnel is unlikely to have a significant
effect upon the noise attenuwation properties of the tunnel.
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Table 3

Sound pressure levels in dB measured at a distance of 100 yds from
the alrcraft and tunnel combination
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Sound pressure levels in dB measured at a distance of 2 100 yds
from the aircraft alone
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