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AIR nucrmo 

This invention relates to air ducts such as those employed in 
air conditioning and ventilating installations in which a cur 
rent of air is supplied through a duct or trunk to a room or 
other space. 
Commonly, such ducts include various corners or bends 

between a fan which impels the air along the duct and an air 
delivery outlet. ’ 

Also, because the noise made by the fan is propagated 
through the air along the ducts, it is in most instances impor 
tant to provide some means of reducing noise transmission to 
the rooms or other spaces. 
At corners in such ducting the simplest and most economi 

cal construction is a mitre bend, which has reasonable noise 
‘attenuating properties but, unfortunately, causes a large pres 
sure drop in the duct flow. Another arrangement commonly 
employed is a radiused bend which again is easy to manufac 
ture and has a much lower pressure drop than does the mitre 
bend but, unfortunately, it has poor properties as a noise at 
tenuator. Various other bends with air-turning‘vanes or like 
items incorporated in them are substantially more costly to 
manufacture and even then usually have poor noise attenuat 
ing properties. - _ 

With all these bends it is usually necessary to provide a 
package attenuator or some other type of noise ?lter in the 
ducting in an endeavour to reduce the transmission of noise 
from the fan. Such noise attenuators, besides being costly and 
requiring an additional installation operation, cause a large 
drop in air pressure and a consequent increase in the fan 
power required to achieve the desired rate of air flow. 

Further, to attenuate the lower frequency components of 
the noise generated by a typical fan, relatively complicated 
designs are often necessary. 

It is the object of the present invention to obviate these dif 
ficulties and to provide a relatively simple and economical 
construction which will result in substantial noise attenuation 
with an acceptable pressure drop. 

in most ventilation systems the dominant frequency is the 
blade passage frequency of the fan, usually of the order of a 
few hundred Hertz. Absorbent materials are only effective for 
near normal incidence at frequencies above about 1000 Hz. 
Hence duct linings are ineffective for removing energy at the 
blade passage frequency. Commercial package attenuators 
rely on a combination of area changes, absorber, and some 
times resonant chambers within the duct. These attenuators, 
by their very nature introduce a large pressure loss into the 
system. 1 

In the present attenuating bend two channels are provided 
about a pro?led center body. The path lengths along the 
center lines of the two channels differ by one-half half (or 
other odd number of halves) of the wave length of the blade 
passage frequency. Thus, if one assumes one-dimensional 
propagation of a discrete frequency around the two channels, 
the outlet plane of the filter becomes a low impedance point 
when viewed from upstream. The impedance mismatch 
between the bend and the duct therefore results in a poor 
power transfer to the downstream duct, that is, a high attenua 
tion at the design frequency. A low pressure loss may be ob 
tained by suitable pro?ling of the center body and the walls of 
the bend. 

In accordance with the present invention, air ducting in an 
air-conditioning or ventilating system in furnished with a noise 
attenuator comprising at least one section divided into at least 
two channels of different lengths. For best results the dif 
ference in the lengths of the two channels (or between pairs of 
channels) should correspond as closely as possible to one-half 
(or other odd number of halves) of the wave length of the 
predominant sound waves which are to be suppressed or 
diminished, the said wave length being primarily a function of 
the speed of the fan and the number of blades therein. 

Ideally the length of the shorter channel should be approxi 
mately equal to one'quarter or another odd multiple of quar 
ters of the predominant wavelength. 

IO 

20 

25 

30 

35 

40 

45 

2 
The device of the invention can be ?tted in a rectilinear air 

duct, comprising a section of the latter divided into two or 
more channels of different lengths. For example, one channel 
may continue straight through from the inlet to the outlet of 
the section, while the other is slightly bulged away from the 
line of the ?rst channel. 
Such a device may be constructed by making one wall of a 

section of trunking convex and placing inside the said section 
a body which on one face will be parallel to the rectilinear part 
of the section and form a straight channel with the latter, while 
the other side is convex so as to form a curved channel of con 
stant dimensions in conjunction with the convex opposite wall 
of the section. ‘ Y , 

Commonly, however, any air-conditioning or ventilating 
system includes various bends in the line of the air trunking 
and the device of the invention may usefully be incorporated 
in one or more of such be'nds, thus avoiding an extra pressure 
loss penalty. _ 

Preferably, such bend or each such bend comprises two 
channels, one of which is ‘substantially similar to a radiused 
bend and the other, which is somewhat shorter, comprises 
substantially a chord to such bend. Such chord does not need 
to be a straight lineand usually, if straight for part or most of 
its length, will be curved at each end to merge into the air inlet 
and outlet connections at the ends of the bend. The detailed 
shape of the channels is determined ultimately by the require 
ment that the air flow through the channel should be as 
smooth as possible and should not separate from the surfaces. 
A device of the type just indicated can conveniently be con 

structed by providing a bend for an air duct made up from ?at 
top and bottom plates separated from one another by front 
and rear sidewalls, the rear sidewall being substantially an arc 
and the front sidewall substantially a chord extending across 
said arc but curved at its ends. At each end of the device 
?anges or other means for connection to inlet and outlet air 
trunks are provided. . 

Positioned inside the bend is a specially shaped body which, 
in conjunction with the front and rear sidewalls, will form two 
separate channels, one of which will be of substantially arcu 
ate shape in plan (or in the form of an arc with straight exten 
sions at its ends) and the other of which, as above indicated, 
will be curved at each end and substantially straight in the 
middle and which will be shorterthan the arcuate channel, 
preferably by one-half or the predominant wavelength of the 

_ sound to be attenuated. 
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To illustrate the foregoing description reference will now be 
made to the accompanying drawings, the four FIGS. of which 
all show longitudinal sections through different noise attenua 
tors respectively in accordance with various preferred forms 
of the invention. 

In the said drawings, 
FIGS. 1 and 2 show noise attenuators set in rectilinear air 

trunking and incorporating center bodies of different shapes; 
and 

FIGS. 3 and 4 show noise attenuators set into bends in air 
trunking and again show center bodies of different shapes. 

In all the drawings the air inlet from a fan (which is not 
shown) is indicated at 10 and this is preferably furnished with 
a sound absorbing lining or jacket 11. 
The downstream air outlet in each case is indicated at 12 

and these air inlets and air outlets are separated in each case 
by a noise attenuator secured to such air inlets and outlets by 
?anges l3, 14 or in any other convenient manner. 

In the FIG. 1 construction it will be seen that there is a 
rectilinear channel 15 and a curved channel 16 separated by a 
hollow sheet metal body 17, the channels 15 and 16 having the 
same cross-sectional dimensions throughout their lengths but 
differing from one another by one-half of a wave length of the 
predominant sound to be attenuated, or by some odd number 
multiple of one-half of such wave length. 

In FIG. 2 the channels are depicted at 18 and 19 and these 
are separated from one another by a central body 20 which 
may be moulded from acoustically absorbent material, or 
which may be hollow and of sheet metal construction. 



number of revolutions of such fan per second. 
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In FIG. 3 the shorter and longer channels are shown at 21 
and 22 with the central body at 23, while in FIG. 4 the shorter 
and longer channels are respectively depicted at 24 and 25 
and the central body at 26. i ‘ ‘ 

In the constructions shown in FIGS. 2 to 4 the cross-sec 
tionalv dimensions of one or both of the channels may vary 
along the length or lengths of the latter. The bends of FIG. 3 
and FIG. 4, while substantially similar in their outer arcs, 
differ from one another on their inner arcs. The inner arc in 
FIG. 3 is a smooth curve while that in FIG. 4 has a ?at, which 
is paralleled by a ?at in the surface of the central body 26. 
. The lengths of the shorter channel 15, 18, 21 or 24 may, in 
each case, by designated as x). , where A is the wavelength of 
the dominant noise component to be suppressed and a is a 
prescribed constant. In most circumstances A is approximately 
equal to the velocity of sound in air divided .by the product of 
the number of blades in the fan impelling the air and the 

The. length of the longer channel 16, 19, 22 or 25 should 
thenbe(a+‘/Q)t. ‘ Y . , 

Ideally the prescribed constant a should be equal to N/4 
‘ ' where N is an odd number. 

The central body may be built up in various ways. 
It may be hollow and be built up from‘sheet metal, plywood 

or other convenient materials. ' - 

or it may be a solid body cast from ?brous plaster, foam 
rubber, polyurethane foam or other convenient material, 
preferably having acoustic absorbing characteristics. 

Acoustic tiles or acoustic boards and perforated metal 
plates may also be employed to form the center body. 
Or in some cases the center body may be built up from a 

metal frame over which cloth is stretched. - 
If .a hollow construction is used the center body may be. 

?lled with rockwool, ?bre glass .wool, or other sound-absorb 
ing materials. v 
One very suitable way of making suchbodies, however, is to ~ 

make a template of the desired plan shape thereof and then 
cut out a series of sheets of fibre glass board or other sound 
absorbing sheet material which can be laminated together to‘ 
form a rugged sound-absorbing center body. 

It is advantageous if the body has some sound-absorbing 
properties of its own but this is not essential. The main sound 
attenuating effect is achieved through interference of sound 
waves with one another and is produced 'even if all surfaces 
are hard and fully sound re?ecting. The attenuation in the 
bend depends to some extent on the con?guration of the up~ 
stream and downstream ducting. _ 
The passages through the bend interact in such a manner 

that the bend presents a very high impedance to noise of the 
characteristic frequency and acts as an acoustic ?lter for the 

' latter. The sound power is re?ected upstream towards the fan 
from the bend and thus it is desirable to precede the bend by a 
length of trunking lined with a material which is capable of ab 
sorbing sound energy. - . 

The shape of the center body and the duct walls should be 
adjusted as far as possible to minimize pressure losses and 
reductions in the rate of air flow. 
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4 
The aerodynamic design principles which have been 

developed in connection with the design of turbine blades may 
be found convenient in designing the curves of the center 
body and duct walls for any particular installation. 
The invention makes it possible to eliminate package at 

tenuators in most installations, while achieving an improved 
attenuation of fan noise and good air flow comparable with 
that obtainable by normal radiused bends and substantially 
better than that obtainable with mitre bends. 

Further noise suppression may sometimes by achieved by 
having a change in the cross-sectional areas of the air inlet and 
outlet trunking. That is to say the openings at the two ends of 
the bend may be of different sizes. 

lclaim: . . 

1. A noise attenuator for insertion in the air ducting of an 
air-conditioning or ventilation system, comprising a section of 
air ducting divided into at least two channels which differ from 
one anot er in length by an odd number of halves of the 
wavelength of the predominant sound wave which is to be at 
tenuated, and a pro?led center body positioned within the sec 
tion and which divides the section into the two channels. 

2. A noise attenuator according to claim. 1, in which the 
length of the shorter channel is approximately one-quarter of 
the predominant wavelength. . 

3. A noise attenuator according to claim 1, in which the 
length of the shorter channel is an odd number of quarters of 
the predominant wavelength. , 

4. A noise attenuator as claimed in claim 1 in which the 
pro?led center body is a hollow structure made from rigid 
material. 

5. A noise attenuator as claimed in claim 4, in which the 
hollow body is ?lled with sound absorbent material. 

6. A noise attenuator as claimed in claim'l in which the 
pro?led center body is cast from a material selected from'the 
group consisting of ?brous plaster, foam rubber, polyurethane 
foam and other castable material having acoustic-absorbing 
characteristics. 

' 7. A noise attenuator as claimed in claim 1 in which the 
pro?led center body is cast from a material selected from the 
group consisting of ?brous plaster, foam rubber, polyurethane 
foam and other castable material having acoustic-absorbing 
Characteristics. ' 

8. A noise attenuator as claimed in claim 1 in which the 
pro?led center body is formed from a material selected from 
the group consisting of acoustic tiles, acoustic board and per 
forated material. 

9. A noise attenuator as claimed in claim 1 in which the 
center body consists of a metal frame over which cloth is 
stretched. 

10. A noise attenuator as claimed in claim 1 in which the 
center body consists of a metal frame-over which cloth is 
stretched. 

l1..A noise attenuator as claimed in claim 1 in which the 
pro?led center body is cut from a series of sheets selected 
from the group consisting of sheets of ?bre glass board and 
sheets of other sound absorbing sheet material, which sheets 

i are laminated together. - 
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