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SUMMARY

Experiments with a model wide angle diffuser, in combination
with suitable gauze resistances, fitted to the exit of.a high velocity
cold Jjet show that reductions in total noise level of greater than
30 db. cen be achieved; the spectrum teing flat. It is shown that
the wide angle diffuser when fitted to the t2il pipe of a Jjet engine
as a ground muffler need not affect the characteristics of the engine
during 'run up', Applications of this type of muffler to the silencing
of jet engines during 'run up', Jet test beds and exhaust silencing

of internal combustion engines are briefly discussed.




Introduction

In recent years considerable attention has been focussed on the
problem of reducing the noise produced by jet airvecraft when in flight,
and while they are being 'rum up' prior to take off. The purpose of this
paper is to suggest an inexpensive method, involving the use of cheaply
constructed portable mufflers, whereby the noise propagated from Jjet
aircraft during ’fun up' may be reduced to an acceptable level, The
muffler described below might also have an application in the silencing
of jet test beds, and in the exhaust silencing of internal combustion

engines.

Some Notes on the Design of Ground Myfflers

The nolse intensity produced by the airflow of a Jet in the absernce
of sclid boundaries is approximately proportional to a high power of the

efflux velocity (ref.I)., The object of the ground muffler is to reduce

this efflux velocity thereby reducing the nolse level, The noise reduction

in dedbels obtained by a reduction in the efflux velocity from'\f1 to Vz,
for a given rate of mass flow, is approximately '
' v
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since for subsonic jet wvelocities the noise intensity is approximately

proportional to'VSi In practice due to the relatively high background

noise level, Nﬁ, the reduction to the total noise level, BH, of the free

Jjet will be different from the expression above. The actuval reduction is

approximately given by

s N - N 2

o b 1

1 5{ +10 10 (2 !

i - - P F
N, - N - 10 log,o {1 +1 )

., 1 ¢

u

In practical applications the grownd muffler must be designed to
satisfy certain conditions at the jet pipe exit. The most important of
these is that the pressure at the Jet pipe exit should be approximately
the same as that of the free jet when operating under similar conditions.
In addition the muffler must in many cases be readily portable and

preferably made of inexpensive materials.




3

Description of the Wide Angle Muffler

- The wide angle muffler is shown diagrammatically in figure 1. I%
con31sts of a wide angle diffuser with wire gauze resistances fitted at
selected stations normal to the axis. The purpose of the gauze resistances
is twofold, viz.

a) to provide, by.selection of the appropriate gauze combination, an
overall pressure difference giving a specified pressure at the jet tail
pipe |

b) to prevent boundary layer separation from the walls of the muffler,

Vortex generators or similar methods of boundary layer control may
be used in the initial expansion to assist in the prevention of separation
(ref.II).

It should be noted that some results have been published by Lassiter
~ and Hubbard on the effect on the noise intensity of placing single wire
gauze screens normal to airflows. They mentioned that the scheme might
have an application in the design of mufflers, but do not discuss the

use of multi-gauze screen combinations in wide angle diffusers (ref.III).

Sxperiments on a Model Wide Angle Muffler

- The model muffler comsiSted of a wide angle, straight sided conical
diffuser of core semi-angle 2?~ . It was designed to fit a 1in. diemeter
nozzle and its overall length was 41 in. A combination of three gauzes was
chosen which gave at the nozzle ex1t a pressure just above atmospheric when
the upstream stagnation to atmospheric pressure ratic.. (P) was 2.

For values of P of 1.5 and 2,33 the pressures at the nozzle exit with
the muffler in position WereMO.96 at. and 1.16 at. respectively.

The sound intensities produced by a 1in. diameter jet of air at
values of P of 1.5, 2.0 and 2.33 were measured. All measurements were
made at a radial distance of 10feet from the nogzle exit for azimuthal
angles increasing by 10 degrees from 10° to 1700 with respect to the
downstream direction of the jet. A modified form of the test rig, and
‘noise measuring equipment described in reference IV were used, The
measurements were repeated with the silencing device in position. The
results are shown in figures 2 (A, B and C) and 3 (A, B and C).
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Total head traverses were made = in., downstream of the muffler . exit

b4

for the three values of P used.wn the nolse measurements., . The results

Are plotted 1n flgure 4.

In addltloﬂ to ‘the tests described above s1m11ar measurements‘were
made on modlfled Porms of the muffler.‘vmhese modlflcatlons consisted of
the addition of various lengths of perforated lagged plpe cxtenswons
connected to-the muffler immediately downstream of the final gauze :
reistance. The results of these tests are pWOttgd in flgures o CA B c),
3 (A, B, c) ) and 5,

Discussion of Model Tests

The results shown in figures 2 (A, B and C) for the plain nozzle
and the addition of the wide angle muffler show that appreciable total
noise level reductions have been obtained. The reductions in noise .

level do not however, agrce with the simple calculation based on the

reductlon in jet efflux velocity.

The nolse spectrum measurements, plotted in flgures 3 CA B and C)
show clearly that the noisc level in the high frequency bands-has not
suffered the same.order of reduction as the noise level in the - lower
frequency bands. _

The distribution of total head at the exit of the wide angle muffler,
shown in figure L, indicates the existence of unfavourable velocity ‘
profiles with maxima near the mixing region. Similar measurements on
the extended.muffler,.see figure 4, show that these peaks have been
eliminated.

It was assumed that the gauze resistances were generating a source
of dipole noise of high frequency which was being propagated along the
muffler and into the external field. Anléxtension in the form of a |
perforated, iagged pipe was added in order to absofb this high fre-
quency noise. The results for the vide angled muffler with a 3f%.
extension, plotted in figures 2 (o, B, C) and 3 (4, B, C), show fhat
the total noise level has been further reduced and amounts to a
reduction in total noise level, compared with the free Jjet, of about

30db. The noise spectrum measurements show that the high frequency
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content of the noise has been considerably reduced, ,

In an endeavour to explore the effect of the length of perforated
lagged pipe, the initial 3ft, length was reduced in one foot increments.
The noise measurement plotted in Pigure 5 shows that the muffler is
equally efficient for 1ft and 2ft. extensions, |

- It may be possible to reduce the optimum ‘1ength'. of perforated,
lagged pipe by using co-axial splitters or similar methods of high

frequency noise absorption,

Application of the Wide Angle Muffler to Full Scale

Some difficulties may arise in the application of the wide angle
muffler to the silencing of jet aircraft, but these should not prove

insuperable, The porous resistances used in the model experiments,

particularly those nearest the jet pipe exit, will need to ke constructed

from materials designed to withstand both high axial loads and
temperature, In this commection it may be found desirable to use

porous walls made from ceramics,

Acknowledgement

This work has been done under a contract from the Ministry of

Supply.

Conclusions

1. Model experiments have shown that considerable reduction in the
noise produced by jets with high efflux velocities is obtained by the |
use of a wide angle diffusor, in which separation of the flow is
prevented by the incorporation of suitable combinations of gauze
screens, In addition the pressure at the nozzle exit is controlled by
the gauze screen combination and can be made equal to the pressure at
the exit when there is free flow from the. nozzle,
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The experiments show that the reduction in total noise level,

compared with a free jet, is a function of azimuthal angle and varies
from 20db.  at 150 to 14 db. at 90O to the jet downstream direction at a
pressure ratio of 2.0,

The noise level from the diffuser is further reduced by the addition
of a perforated, acoustically lagged pipe extension. In this case the
reduction in total noise level, compared with the free jet is 38db. at
150 and 30 db. at 90° to the Jet downstream direction at a pressure
ratio of 2.0, The nolse level at all frequencies is approximately
constant,

The use of the wide angle diffuser is discussed with regard to its

use as a ground muffler for the silencing of jet aircraft during

'run up'. In addition this muffler might have an application in the

silencing of Jjet test beds and exhaust silencing of internal combustion

engines.
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