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6 Claims. (Cl. 181-51) 

. The present invention relates to silencers and con 
cerns silencers for reducing the noise of exhaust gas 
streams within which term is to be understood as in 
cluded for the purpose of the present specification, the 
hot exhaust gases or effluent issuing from the exhaust 
pipe of a gas turbine engine and the jet stream issuing 
from the jet pipe of a turbo-jet engine. The advent of 
gas turbine and jet propulsion engines of increasingly 
high thrust has resulted in a noise problem which be 
comes acute when such engines are being tested in test 
houses or even more so when such engines are being 
tested in the open air, and one object of the present in 
vention is to provide a compact silencer for reducing 
the noise created by such testing which can be fitted to 
an engine prior to testing in a test house or which can 
be easily transported from one engine to another for 
successive testing of the engines in the open on an aero 
drome or aboard an aircraft carrier. 
A turbo-jet engine under test, may or may not have 

a jet nozzle at the outlet end of its jet pipe. Conse 
quently a silencer for use with the engine may have to 
receive the hot effluent from the jet pipe of the engine 
either directly or from a jet nozzle attached to the outlet 
end of the jet pipe. · ' . . 
Whichever is the case, in order to permit proper test 

ing of the engine the silencer must not cause the back 
pressure in the pipe to differ substantially from the back 
pressure designed for the engine at its thrust rating. 
When the testing is carried out without a nozzle on the 
jet pipe, the silencer must be adapted to take the place 
of the nozzle by creating a back pressure in the jet pipe 
equal to that which would have been caused by the 
nozzle designed for the engine. When the testing is car 
ried out with a nozzle fitted to the jet pipe the silencer 
must be adapted so as not to change substantially the 
design back pressure created by the nozzle. · · 
· According to the invention there is provided an ex 
haust gas stream silencer comprising a tubular converg 
ent member and a tubular divergent diffuser member en 
closing the convergent member with the smaller end of 
the divergent member terminating at or adjacent the 
larger end of the convergent member, substantially the 
whole of the wall of the convergent member being so 
perforated as to form a multiplicity of holes for the 
discharge of at least part of an exhaust gas stream enter 
ing the convergent member through its larger end. 

Preferably the convergent member is a conical frus 
tum. According to a feature of the present invention, 
when the silencer is for attachment to the jet pipe of a 
turbo-jet engine in replacement of the usual jet nozzle, 
the effective discharge area of said convergent member 
is made equal to the rated nozzle discharge area of the 
engine. According to an alternative feature of the pres 
ent invention when the silencer is for use with a turbo 
jet engine having a jet nozzle, the effective discharge 
area of said convergent member is made not less than 
one and a half times the rated nozzle discharge area of 
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the engine. The effective discharge area of the con 

2 
vergent member is constituted by the sum of the effec 
tive areas of all the perforations in the member through 
which the gaseous stream is permitted to pass, to which 
must be added, in the case where the member is a conical 
frustum, the area of the smaller end of the member. 

According to a further feature of the invention, the 
effective discharge area of the convergent member may 
be adjustable to match engines of different thrust rating. 
This may be achieved by the use of interchangeable 
throttling means at or adjacent the downstream end of 
the convergent member, or, according to a further fea 
ture of the invention, by the provision of throttling means 
at or towards the downstream end of the convergent 
member which throttling means is adjustable to vary the 
effective discharge area of the convergent member. 
Four embodiments of the present invention will now 

be described, merely by way of example, with reference 
to the accompanying drawings in which: 

Figure 1 is an elevation partly in section of a silencer 
according to the invention, for use with a turbojet engine 
in replacement of the jet nozzle of the engine, 

Figure 2 is an elevation partly in section of another 
silencer according to the invention also for use with a 
turbo-jet engine in replacement of the jet nozzle of the 
engine, · 

Figure 3 is an elevation partly in section of yet another 
silencer according to the invention, for use with a turbo 
jet engine having a jet nozzle, and 

Figure 4 is an elevation partly in section of yet another 
silencer according to the invention, for use with a turbo 
jet engine having a jet nozzle. · 

Referring to Figure 1, the silencer comprises a tubular 
convergent member id enclosed by a divergent diffuser 
member 11 the smaller end of the member 11 terminating 
at or adjacent the larger end of the member 10. The 
member 10 is shown mounted directly on the outlet end of 
the jet pipe 12 of a turbo-jet engine. The divergent and 
convergent members may be mounted independently of 
each other on the jet pipe so as to allow for differential 
expansion. In the present example however these mem 
bers are mounted as hereinafter described. The member 
11 diverges rearwardly from the jet pipe and completely 
encloses the convergent member 10, the member 11 be 
ing made of steel plate and at its smaller end being pro 
vided with an outwardly directed flange 13 by which 
it is bolted to the jet pipe 12. · · 
The convergent member 10 is in the form of a conical 

frustum open at both ends and is also made of steel plate. 
The larger or inlet end of the member 10 is of the same 
diameter as the discharge end of the jet pipe 12 against 
which it abuts, and is provided with an outwardly di 
rected flange 14. The jet pipe also has an outwardly 
directed flange 15 and the fianges 13 and 14 are bolted to 
the fiange 15 with the flange 14 sandwiched between the 
fianges 13 and 15. | 

Substantially the whole of the wall of the member 10 
is So perforated as to form a multiplicity of plain holes 
18 for the discharge of exhaust gases issuing from the 
jet pipe 12, exhaust gas discharging from each hole 18 
in the form of an outwardly directedjet. Instead of plain 
holes however the perforations may be of the plunged 
type. - · · 

It will be noted that the convergent member 10 is, in 
effect, a jet nozzle attached to the pipe 12 and in order 
therefore that substantially no excess back pressure is 
built up in the jet pipe by reason of resistance offered to 
the exhaust gases by the silencer, the holes 18 are all so 
selected having regard to the coefficient of discharge of 
each hole 18 that the total effective discharge area of 
all the holes 18 together with the discharge area of the 
Smaller end 20 of the convergent member 10 is equal to 
the rated nozzle discharge area of the engine. - . :: 



3 
Throttle means (not shown) may be provided at or 

towards the downstream end of the member 0 for ad 
justing the discharge area of the smaller end of the mem 
ber 10, and Such means may take the form of an inter 
changeable or adjustable restrictor plate as later de 
scribed, an axially displaceable exhaust builet, or any 
other suitable means. For the attachment of such throt 
tle means, the member 0 is provided at the smaller end 
with an outwardly directed fiange 19. By throttling the 
flow through the Smaller end of the convergent member 
10 to vary the effective discharge area of the convergent 
member, the silencer may be arranged to match engines 
of different thrust rating. 

In operation, the stream of exhaust gases issuing from 
the jet pipe passes into the larger end of the convergent 
member 10, and some of the exhaust gas passes through 
the holes i8 in the form of a multiplicity of small out 
wardly directed jets, while the remainder passes through 
the relatively small downstream end of the convergent 
member 10. The single large stream of gases issuing 
from the jet pipe 12 is thus split up by the convergent 
member 10 into a multiplicity of very small outwardly 
directed jets and a small axially directed jet, and this 
results in a considerable noise reduction of the exhaust 
ing gases. 
The functions of the divergent member 11 are to de 

flect rearwardly any of the outwardly directed jets which 
impinge on it, and also to act in the well known manner 
of a diffuser thereby further reducing the noise of the 
exhausting gases. · 
By way of illustration, in the case of an engine having 

a rated static dry thrust of 10,000 lbs., it has been found 
that the noise of the eflux from a jet pipe of 27 inches 
in diameter may be considerably reduced by using a 
silencer as just described having a convergent member 
consisting of a frustum 43 inches long and converging to 
a diameter of 8 inches at its smaller end, and a sur 
rounding divergent member 63 inches long and diverging 
to a diameter of 40 inches at its larger end, the diameter 
of the holes or perforations in the convergent member 
being 0.5 inch. 

Referring now to Figure 2, in this case the convergent 
member 22 has an outwardly directed flange 23 at its 
larger end bolted to the flange 15 on the jet pipe, and the 
divergent member 24 is made with its smaller end large 
enough to pass over the flanges 15 and 23 and is mounted 
on a wheeled carriage or trolley, for example as shown 

· in Figure 3. In this manner the member 24 is sup 
ported independently of the jet pipe and the member 22 
so as to allow for differential expansion. 
The smaller end of the member 22 is flanged out 

wardly and strengthened as at 27 and supports a restric 
tor plate 23 and a hollow detachable cylindrical per 
forated extension piece 29 comprising an end closure 
member in the form of a conical cap 30 which is bolted 
in position as at 31. The member 22 and the exten 
sion piece 29 including its cap 30 are all perforated as 
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4 
tension piece, including its end cap, is made equal to the 
discharge area of the smaller end of the member 22 
when unrestricted by a restrictor plate. The member 22, 
as previously described, is designed to have a total effec 
tive discharge area equal to the rated nozzle discharge 
area for the engine, the effect of a restrictor plate, such 
as 28, being taken into account. The provision of the 
extension piece and the end cap reduces the noise of that 

· portion of the effluent permitted to pass through the 
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at 33, the perforations in this case being of the plunged 
type, and the member 24 extends just beyond the apex 
of the cap 30 so that the member encloses all the per 
forated parts. · . - 
The silencer just described with reference to Figure 2 

operates in a substantially similar manner to that de 
scribed with reference to Figure 1, but the embodiment 
of Figure 2 possesses a greater potentiality for matching 
different engines of varying thrust rating by reason of the 
provision of a larger diameter at the smaller end of the 
member 22, this larger diameter being variable over a 
wider range by the use of interchangeable restrictor plates 
28 having different diameter openings. Alternatively a 
restrictor plate having a variable diameter opening may 
be used. The detachable extension piece 29 with its end 
cap 30 is bolted to the smaller end of the member 22 
downstream of the restrictor plate 28, and the effective 
discharge area of the perforations or holes 33 in the ex 
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smaller end of the member 22, 
In the case where the total discharge area of the holes 

33 in the member 22 is sufficient to match an engine 
under test and the restrictor plate such as 28 entirely 
blanks of the smaller end of the member 22, the exten 
sion piece 29 and the end cap 30 may of course be dis 
pensed with. 

Referring now to Figure 3, there is illustrated in this 
figure a mobile silencer comprising a perforated con 
vergent member 40 enclosed by a divergent diffuser mem 
ber 41. The member 41 is mounted on a wheeled car 
riage or trolley, generally indicated at 43', so that it can 
be quickly moved from one engine to the next of, for 
example, one or more aircraft standing in the open on 
an airfield. The silencer is designed for use with an en 
gine having a jet nozzle attached to the end of its jet pipe 
and is shown in operative position against the jet nozzle 
46 of an engine to be tested the nozzle being received 
with clearance within the larger end of the member 40. 
The member 40 is supported from the member 41 at its 
smaller, diameter end, the member 40 having an out 
wardly directed flange 42 which is sandwiched between 
an outwardly directed fiange 43 on the member 41 and 
an apertured baffle plate 44, the flange 43 being bolted to 
the bafile plate by bolts which pass through the fiange 42. 
The baffle plate 44 has an aperture 45 which receives the 
end of the jet nozzle, so that a sheath of ambient cool 
ing air may be entrained through the annular gap be 
tween the jet nozzle and the bafile plate during operation. 
With this entrainment, the total effective discharge area 
of the convergent member 40 must not be less than, and 
is preferably equal to, one and a half times the sum of 
the rated discharge area of the jet nozzle and the dis 
charge area of the annular gap between the jet nozzle 
and the baffle plate. 

Suitable means may be provided for braking or anchor 
ing the trolley in position against the jet nozzle. 
As has already been described with reference to Fig 

ures 1 and 2, the silencer shown in Figure 3 may be 
adjusted to suit engines of varying rated thrust by means 
of a throttling control such as a restrictor plate attached 
at the smaller end of the member 40. 
To suit a larger diameter jet pipe without a jet nozzle, 

one or more perforated frusto-conical sections may be 
added to the inlet end of the convergent member 10 or 
22 of the silencer shown in Figure 1 or Figure 2, provided 
that the total effective discharge area of the lengthed 
convergent member 10 or 22 is equal to the rated nozzle 
discharge area for the engine under test. Where the 
convergent member is lengthened the divergent diffuser 
member must, of course, be interchanged. This method 
of adapting the silencer of Figure 1 or Figure 2 is, how 
ever, limited by the maximum area of the outlet diameter 

· of the smaller end of the convergent member 10 or 22 
or, in the case of Figure 2, of the extension pieces being 
used. Should a still larger discharge area be required, 
the convergent member 22 can be made in perforated 
frusto-conical sections and shortened from the smaller 
end by removing one or more sections. With reference 
to Figure 2, this removal would permit the replacement 
of the existing cylindrical extension piece by an exten 
sion piece of larger diameter and discharge area, and by 
restrictor plates permitting a greater flow. The exten 
sion piece itself may also be made in sections to vary 
its length and therefore the discharge area downstream 
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of the restrictor plate in order to match the variable 
area permitted by a change of restrictor plate. 
The sections of the convergent member, the diverging . 

diffuser member and, if used, the extension piece may 
be arranged for bolting together, or any other type of 
quick release clamping means may be used. By making 
the convergent member in easily removable sections, the 
silencer can be quickly adjusted not only to match differ 
ences in engine ratings but also to deal with jet pipes of 
different diameters. 

Alternatively, if it is desired to use the silencer with 
pipes of different diameter, the inlet end of the con 
vergent member may be made sufficiently large to re 
ceive the largest diameter pipes, and may then be adapted 
to receive pipes of smaller diameter by interposing a 
baffle plate, as described with reference to Figure 3, 
between the pipe and the larger end of the convergent 
member. 

5 

In the case of the silencer shown in Figure 3, different 
diameter jet nozzles may be accommodated by inter 
changing the bafile plate 44, the larger diameter end of 
the member 40 being made large enough to receive, with 
the necessary clearance, the largest diameter jet nozzle 
likely to be met. 
frusto-conical sections may be added to the inlet end of 
the convergent member 40 as well as interchanging the 
baffle plate, or a baffle plate of variable aperture may be 
used, the total effective discharge area of the extended 
member 40 being maintained at not less than one and a 
half times the sum of the rated discharge area of the 
jet nozzle and the discharge area of the annular gap 
between the jet nozzle and the baffle plate. 

Figure 4 illustrates a mobile silencer corresponding to 
Figure 3, for use with an engine having a jet nozzle 
attached to the end of its jet pipe, and, as before is 
shown in operative position against the jet nozzle 46 
of the engine to be tested, the nozzle being received 
with clearance within the larger end of the perforated 
convergent member 40. In this case, however, the bafile 
plate 44 is omitted, and instead a bell mouthed exten 
sion piece 50 is provided bolted to the larger end of 
the member 40 to define with the jet pipe 47 of the 
engine a converging annular passage leading to the an 
nular gap between the jet nozzle 46 and the member 40, 
The bell-mouthed extension assists the gas stream issu 

ing from the jet nozzle in inducing the entrainment of 
ambient air into the member 40. Ambient air so en 
trained joins the exhaust stream and cools it thereby 
assisting to reduce the noise. 
The silencer of Figure 4 may be provided with a baffle 

plate corresponding to the bafile plate 44 previously de 
scribed with reference to Figure 3, in order to adapt it 
for use with an engine having a smaller diameter jet 
nozzle. In this case the baffle plate carries the bell 
mouthed extension piece, the extension piece having its 
smaller diameter end equal in diameter to the widest 
available aperture in the baffle plate. 
With the construction shown in Figure 4, or as just 

described with reference to Figure 4, the total effective 
discharge area of the member 40 is not less than, and 
is preferably made equal to, one and a half times the 
rated nozzle discharge area of the engine plus the dis 

| charge area of the annular gap between the nozzle and 
the convergent member 40. 

If desired, water injection may be used to assist any 
of the silencers described, for example, by spraying water 
through nozzles on to the perforated convergent member. 
The perforations in the convergent member and any 

extension pieces are preferably of the plunged type and 
of convergent nozzle form. By using plunged type perfo 
rations of convergent nozzle form, as shown in Figure 
2, the perforations permit a greater discharge than if 
they were merely plain holes. By this method it is 
possible to reduce the number of perforations required 
to give the total effective discharge area for the thrust 
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rating of the engine under test and product a convergent 
member of stifier construction for sheet of the same 
gallge. 
The silencer may be used alone or in conjunction with 

other silencing equipment. Where it is used in a test 
house in conjunction with other silencing equipment, it 
may be inserted between the discharge end of the jet 
pipe and for example, an air-entraining diffuser of the 
other silencing equipment, so that it receives the hot 
gases direct from the jet pipe and after causing these 
to traverse the convergent member discharges them 
through the divergent member into the air entraining 
diffuser of the other silencing equipment. 
We claim: · · · · 

1. A mobile exhaust gas silencer comprising a wheeled 
carriage, a divergent imperforate diffuser member car 
ried by said carriage and formed at one end with an 
inlet opening and at its other end with an outlet opening 
which is open to atmosphere; and a perforated tubular 
member which is mounted within and connected to the 
diffuser member, the perforated member being formed 
at one end with an inlet opening which is disposed ad 
jacent the inlet opening of the diffuser member and haw 
ing a cross-sectional area which decreases from the inlet 
opening in the downstream direction to form between 
the diffuser member and the perforated member a pas 
sage of increasing cross-sectional area in the downstream 
direction. · 

2. A mobile exhaust gas silencer comprising a wheeled 
carriage, a frusto-conical divergent imperforate diffuser 
member carried by said carriage and formed at one end 
with an inlet opening and at its other end with an outlet 
opening which is open to atmosphere; and a perforated 
tubular member which is mounted within and connected 
to the diffuser member, said perforated member being 
formed at one end with an inlet opening which is disposed 
adjacent the inlet opening of the diffuser member and 
at its other end with an outlet opening which is disposed 
upstream of the outlet opening of the diffuser, and said 
perforated member having a cross-sectional area which 
decreases from the inlet opening in a downstream direc 
tion to form, between the diffuser member and the perfo 
rated member, a passage of increasing cross-sectional area 
in the downstream direction. 

3. A mobile exhaust gas silencer comprising a wheeled 
carriage, a frusto-conical divergent imperforate diffuser 
member carried by said carriage and formed at one end 
with an inlet opening and at its other end with an outlet 
opening which is open to atmosphere; and a perforated 
tubular member which is mounted within and connected 
to the diffuser member, said perforated member being 
formed at one end with an inlet opening which is dis 
posed adjacent the inlet opening of the diffuser member 
and at its other end with an outlet opening which is dis 
posed upstream of the outlet opening of the diffuser, and 
said perforated member having a cross-sectional area 
which decreases from the inlet opening in a downstream 
direction to form, between the diffuser member and 
the perforated member, a passage of increasing cross 
sectional area in the downstream direction; and a re 
strictor plate detachably mounted on said other end of the 
perforated member for restricting flow through the said 
outlet opening thereof. · 

4. A mobile exhaust gas silencer comprising a wheeled 
carriage, a frusto-conical divergent imperforate diffuser 
member carried by said carriage and formed at one end 
with an inlet opening and at its other end with an outlet 
opening which is open to atmosphere; and a perforated 
tubular member which is mounted within and connected 
to the diffuser member, said perforated member being 
formed at one end with an inlet opening which is dis 
posed adjacent the inlet opening of the diffuser member 
and at its other end with an outlet opening which is dis 
posed upstream of the outlet opening of the diffuser, and 

75 said perforated member having a cross-sectional area 
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which decreases from the inlet opening in a downstream 
direction to form, between the diffuser member and the 
perforated member, a passage of increasing cross-sec 
tional area in the downstream direction; a restrictor plate 
detachably mounted on said other end of the perforated 
member for restricting flow through the said outlet open 
ing thereof, and a perforated tubular extension piece 
secured to the said other end of the convergent member 
and forming a continuation thereof downstream of the 
restrictor plate. 

5. A mobile exhaust gas silencer comprising a wheeled 
carriage, a frusto-conical divergent imperforate diffuser 
member carried by said carriage and formed at one end 
with an inlet opening and at its other end with an outlet 
opening which is open to atmosphere; and a perforated 
tubular member which is mounted within and connected 
to the diffuser member, said perforated member being 
formed at one end with an inlet opening which is dis 
posed adjacent the inlet opening of the diffuser member 
and at its other end with an outlet opening which is dis 
posed upstream of the outlet opening of the diffuser, and 
said perforated member having a cross-sectional area 
which decreases from the inlet opening in a downstream 
direction to form, between the diffuser member and 
the perforated member, a passage of increasing cross 
sectional area in the downstream direction; a bafile plate 
having a circular aperture therein, which baffle plate is 
detachably connected to the said one end of the perfo 
rated member, the circular aperture in the baffle plate 

S 
with an inlet opening and at its other end with an outlet 
opening which is open to atmosphere; and a perforated 
tubular member which is mounted within and connected 

' to the diffuser member, said perforated member being 
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being arranged coaxially with the inlet opening in the 30 
perforated member; and a restrictor plate detachably 
mounted on said other end of the perforated member 
for restricting flow through the said outlet opening 
thereof. 

6. A mobile exhaust gas silencer comprising a wheeled 
carriage, a frusto-conical divergent imperforate diffuser 
member carried by said carriage and formed at one end 

formed at one end with an inlet opening which is substan 
tially coincident with the inlet opening of the diffuser 
member and at its other end with an outlet opening which 
is disposed upstream of the outlet opening of the diffuser, 
and said perforated member having a cross-sectional area 
which decreases from the inlet opening in a downstream 
direction to form, between the diffuser member and the 
perforated member, a passage of increasing cross-sectional 
area in the downstream direction, and a bell-mouth ex 
tension piece detachably connected to the perforated 
member to register with the inlet openings of the perfo 
rated member and the diffuser member. 
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