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ACOUSTIC DUCT WITH ASYMMETRIC 
ACOUSTICAL TREATMENT 

BACKGROUND OF THE INVENTION 

This invention relates to sound~absorbing acoustic 
ducts, and more particularly to an acoustic duct with 
asymmetric or peripherally discontinuous acoustical 
treatment. As a typical application, the invention re 
lates to an asymmetric noise suppressing acoustic lining 
for the inlet of an aircraft jet engine fan. 
Sound-absorbing acoustical material used as a lining 

in acoustic ducts is ordinarily applied symmetrically in 
the axial or longitudinal direction. That is, the acousti 
cal material is circumferentially or peripherally contin 
uous at any given axial or longitudinal location. By way 
of example, the sound absorbing linings at the inlet air 
passage of a jet engine fan in an airplane are applied 
over a full 360° of the internal surface of the fan cowl 
ing or casing. This is illustrated in U.S. Pat. No. 
3,542,152 to A. P. Adamson, G. D. Oxx, .Ir., and W. R. 
Morgan, assigned to the same assignee as this inven 
tion, in which the acoustical material is a honeycomb 
type panel with tuned resonant cavity structures for the 
absorption of broadband noise. Provision is made for 
drainage of ingested liquid both in the sound~absorbing 
panel itself and in the cowling. Although advantageous 
for this application. the improved asymmetric acousti 
cal treatment technique has utility in numerous other 
applications such as silencers for industrial gas tur 
bines, and modifying the directivity patterns of acousti 
cal horns. 

SUMMARY OF THE INVENTION 

It has been found that an asymmetric or peripherally 
discontinuous acoustic lining for absorbing sound radi 
ating within an acoustic duct, depending upon its loca~ 
tion and extent in the peripheral direction. has the ca 
pability of selectively altering the directivity of sound 
emitted from an end of the duct. The altered directivity 
of radiated sound or noise is employed to provide pref 
erential enhanced suppression of sound in a prese 
lected angular sector of the directivity pattern. In the 
preferred embodiment, fan noise produced in an air 
craft jet engine fan duct is selectively suppressed in the 
sector generally beneath the fan duct inlet by treating 
only the upper portion of the inner surface of the duct. 
A ?brous acoustic material with a higher sound absorp 
tion coefficient can be used, and for a l80° semicylin 
drical acoustic lining, for example, the amount of noise 
suppression as to a ground observer is approximately 
the same as for the full 360° treatment. The advantage 
is thus a reduction of required acoustic material or 
weight, or conversely an increased effect for the same 
amount of treatment. It is believed that the theoretical 
explanation relates to the better re?ection of sound by 
the untreated lower inner surface of the rigid or hard 
walled duct. 
As a modi?cation of the invention, a second acoustic 

lining is used to treat all or a portion of the remaining 
inner surface of the fan or other acoustic duct. To ob 
tain an asymmetrical directivity pattern, the first 
mentioned asymmetric lining has a higher sound ab 
sorption coefficient than the second lining. Another 
embodiment is an asymmetrically treated acoustical 
duct for side lobe suppression, which includes an 
acoustic lining with a pair of opposing sound-absorbing 
strips, each of which effects selective suppression of the 
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2 
opposite side lobe in the directivity pattern. These are 
illustrative of the many variations of the asymmetric 
placement of acoustic material in acoustic ducts for a 
desired preferential effect, and of the variety of possi 
ble applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a diagrammatic side elevational view, par< 
tially in longitudinal cross section, of the forward por 
tion ofa ducted fan type aircraft jet engine having a fan 
duct provided with an asymmetric semicylindrical 
acoustic lining according to the teaching of the inven 
tion; 
FIG. 2 is a vertical cross-sectional view of only the 

inlet fan duct or casing taken on the line 2—2 of FIG. 
1 and showing the l80° asymmetric acoustical treat» 
ment for preferential noise suppression as to a ground 
observer; 
FIG. 3 shows three typical experimentally obtained 

directivity patterns for a cylindrical jet engine fan duct 
for the cases when the duct is untreated, has 360° 
acoustical treatment, and has a 180° acoustical treat 
ment; 
FIG. 4 is a cross section similar to FIG. 2 illustrating 

another aspect of the invention using two different 
acoustic lining materials for optimum economic and 
noise suppression effect; and 
FIG. 5 is a cross section through an acoustic duct 

with asymmetric treatment for side lobe suppression. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Although the invention has general applicability to 
acoustic ducts used for noise and sound suppression, 
the application discussed in detail with regard to FIGS. 
1-4 is an asymmetric or circumferentially discontinu 
ous acoustic lining for the inlet duct of an aircraft jet 
engine fan to reduce the noise level heard at the ground 
during take-off and landing. In FIG. I, there is shown 
generally at 10 a ducted fan type turbojet engine having 
an annular streamlined fan duct air passage 11 formed 
by an annular cowling or fan casing 12 of streamlined 
cross section and a suitable engine nacelle structure 13 
projecting within the cowling 12. The nacelle structure 
13, of which only the forward portion is shown here in 
outline, houses a suitable compressor, combustor, and 
turbomachinery for, as part of its functions, driving a 
fan 14 disposed in the air passage 11 between the for 
ward end of the cowling 12 and the nacelle structure 
13. The fan 14 drives inlet air axially through the pri 
mary air passage 11 to provide propulsive thrust to the 
engine as well as to supply air to the compressor 
through a second, inner air passage 15. The major part 
of the fan flow exits through an annular exhaust nozzle 
opening 16 formed by the inner surface of the cowling 
l2 and the outer surface of a gas generator pod casing 
17. The compressor inlet air passage 15 is formed be 
tween the inner casing 17 and the forwardly projecting, 
tear-shaped, fan mounting and drive structure 18. The 
outer surface of casing 17 is suitably lined with the hon 
eycombed, resonant chamber sound-absorbing panels 
19 previously discussed. For further information on this 
type of turbofan jet engine, reference may be made to 
U.S. Pat. No. 3,540,682 to C. G. Dibble and D. F. 
Howard, assigned to the same assignee as this inven 
tion. 
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As best shown in FIG. 2, the inside surface of the 
cowling 12 has an attached, asymmetrical semicylindri 
cal acoustic lining 20 which, in this embodiment of the 
invention, covers only the top half of the inner surface. 
This structure will hereafter be referred to as an asym 
metrically treated fan duct. By using the 180° sound 
absorbing acoustical treatment on the upper half of the 
fan duct, the suppression of noise as to a ground ob 
server is almost the same, or approximately the same, 
as if the prior known 360° acoustical treatment were 
used. To further explain this, the directivity of noise 
emitted by the fan 14 is altered such that there is pref~ 
erential or enhanced suppression of the noise pressure 
level in a selected direction, in this case generally be 
neath the noise source. The fan 14 produces broadband 
noise, and is the major source ofjet engine noise. A va 
riety of acoustic lining materials can be used, including 
the honeycombed, resonant chamber sound-absorbing 
panels shown in the previously mentioned US. Pat. No. 
3,542,152, but it is preferred to employ a ?brous 
acoustic material with a higher sound absorption coef~ 
?cient. Since the acoustic lining 20 covers only the top 
half of the fan duct, the need to use a material which 
provides for drainage of ingested liquids is diminished 
if not substantially eliminated. Among the suitable ? 
brous acoustic materials are ?berglass, stainless steel 
wool, and mineral wool for high temperature portions 
of the duct. The advantage of the 50 percent or asym 
metrically treated fan duct is evident, since practically 
the same noise suppression effect is obtained with only 
half the cost and weight as the previously full 360° 
treatment. In addition to minimizing the treatment 
weight, the cost per square foot of the above and other 
?brous acoustic materials may be less than that of the 
honeycombed, resonant chamber sound-absorbing 
panels. Alternatively, for the same treatment weight 
there is an increased noise suppression effect. Further, 
there may be lower air ?ow losses in the fan duct due 
to the improved ?ow over the smooth, untreated duct 
surfaces. 
The altered, asymmetric directivity pattern of noise 

radiating from the inlet end of a semicylindrically, 50 
percent treated fan duct is shown in FIG. 3. The upper 
half of the experimental fan duct 21 is the acoustically 
treated semicylinder, while the bottom half is the un 
treated semicylinder. Measurements were made in an 
anechoic chamber using a one-third scale model of the 
General Electric CF6 jet engine fan run at 90 percent 
design speed. To provide a basis for comparison, the 
symmetrical directivity patterns for an untreated fan 
duct and a 360° fully treated fan duct using the same 
acoustic material are illustrated respectively in dashed 
and dotted lines. Immediately beneath the duct inlet, 
the reduction in sound pressure level produced by the 
full acoustical treatment is about 8 decibels. The asym 
metrical directivity pattern obtained by using the new 
180° treatment is shown in full lines. It will be observed 
that over a large angular sector generally beneath and 
in front of the duct inlet, the amount of noise suppres 
sion using the 180° treatment is approximately the 
same as for the full 360° treatment. For the data taken, 
the noise reduction with the 180° treatment as com 
pared to full treatment is almost the same over the sec 
tor from 50° to 1 10° , measured downwardly with refer 
ence to the forwardly projected duct axis. The noise 
suppression effect immediately in front of the duct inlet 
is not as favorable as that obtained by use of the full 
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4 
treatment, but there is less concern about noise sup 
pression in these spatial regions since the primary ob 
jective of the acoustical treatment is the reduction of 
noise heard by human beings at ground level. Immedi 
ately above the duct inlet the noise suppression effect 
of the treatment is about half that of the full 360° treat 
ment. The redirection of noise obtained by use of the 
asymmetrical acoustical treatment, shown here for an 
axisymmetrical noise source, is independent of the type 
ofacoustic material employed, and it is understood that 
the circumferential location of the asymmetric treat 
ment determines the general direction at which the 
preferential noise suppression is obtained. Thus, for the 
case of reducing fan noise for another application, 
when the bottom half of the fan duct is treated rather 
than the top half, the preferential, enhanced noise sup 
pression is obtained above the duct inlet rather than be 
low. 
Although the theoretical explanation for the altered 

directivity of sound radiating from an asymmetrically 
treated fan duct or other acoustic duct is not known 
with certainty, it is believed it can be explained in terms 
of the reflection of sound by the internal surfaces of the 
duct. Broadband noise emitted by the axisymmetrically 
located fan radiates in all directions, and some of the 
sound waves are incident upon the treated semicylin 
drical duct surface, others are incident upon the un 
treated semicylindrical surface, and a portion radiates 
directly out the end of the fan duct. Sound striking the 
treated upper half is partially absorbed and partially re 
?ected, while that incident on the untreated lower half 
of the duct, which is lined with smooth sheet metal pan 
els, is almost totally reflected. Some of the sound re 
?ected off the untreated lower half is, in turn, incident 
upon the treated upper half where it is partially ab 
sorbed. Conversely, some of the sound re?ected from 
the treated upper half is radiated toward the lower half, 
where it is again re?ected to the sound-absorbing upper 
half. Eventually, the unabsorbed sound energy radiates 
out the duct inlet, but it is readily seen that the higher 
sound pressure level energy re?ected from the un 
treated lower half adjacent the duct inlet radiates in a 
generally upward direction, while the reduced sound 
pressure level energy reflected from the treated upper 
half and out the duct inlet radiates in a generally down 
ward direction. Thus, the directivity pattern is asym 
metrical, with the preferential or enhanced noise sup 
pression being determined by the circumferential 
placement of the acoustic material. These results are 
generally applicable to arcuate asymmetric treatments 
with an angular extent greater or less than 180°, the 
limits being determined at either side by practical con 
siderations and the intended application, weighing the 
cost of the acoustic material versus the amount of pref~ 
erential noise suppression desired. Moreover, the in 
vention is applicable in general to acoustic ducts with 
cross sections other than circular, such as rectangular 
and square. 
Referring to FIG. 4, a modification is the use of two 

different acoustic lining materials for optimum noise 
suppression effect. This is particularly well illustrated 
in the case of the fan duct for the aircraft jet engine. 
According to the modi?cation. the upper half of the 
inner surface of the cowling 12 is lined with the ?brous 
acoustic material 20, while the lower half is lined with 
the previously mentioned honeycombed, resonant 
chamber sound-absorbing structural panel material 22. 



3,890,060 
5 

The ?rst acoustic treatment material 22 has the advan 
tage of durability and good drainage for ingested liq 
uids, while the second acoustical treatment material 20 
is desirably selected to obtain the combination of lower 
cost with a higher sound absorption coefficient. The 
structural acoustic panels 22 are made of, or have 21 
facing sheet made of, a rigid material such as a suitable 
metal or plastic, and re?ect sound more readily than 
the ?brous acoustic material 20. By the full treatment 
of the fan duct in this manner the directivity pattern as 
a whole is improved with good noise reduction above 
and forward of the duct inlet, while still retaining the 
enhanced noise reduction generally below the duct 
inlet due to the use of the better sound-absorbing mate 
rial on the upper half of the duct. Instead of being cir 
curhferentially continuous as illustrated, there can be a 
gap between the two different acoustical treatments. 
Another embodiment of the invention shown in FIG. 

5 illustrates the applicability of the principle of asym 
metric acoustical treatment to the suppression of side 
lobes. The duct 23 in this case is a hard-walled acousti 
cal duct suitable for other applications such as a si~ 
lencer for an industrial gas turbine, or in an acoustical 
horn structure. In the gas turbine silencer application, 
to explain the principle, it may be desirable to direct 
the noise away from residential areas. In this case, two 
diametrically opposing arcuate strips 240 and 24b of 
the same acoustic material are used. It is understood 
that the duct 23 has a length at least equal to or greater 
than the diameter and that the sound-absorbing strips 
240 and 24b extend axially throughout the length of the 
duct or a specified portion of the length. Assuming a 
noise source that would produce symmetrical directiv 
ity patterns with side lobes, the effect of the asymmet 
ric left-hand acoustic treatment 24a is to suppress the 
side lobe at the right-hand side of the directivity pat 
tern, while conversely the effect of the asymmetric 
right-hand acoustic treatment 24b is to suppress the 
side lobe at the left-hand side of the directivity pattern. 
The explanation for the resulting altered directivity 
pattern, with preferential noise suppression at both 
sides, is similar to that for the fan duct application and 
need not be repeated. The required arcuate extent of 
the acoustic material strips 240 and 24b to produce side 
lobe suppression can be determined easily. As in the 
fan duct case (see FIG. 4), overall noise reduction is 
improved by the use of two different acoustic materials, 
with the understanding that the side lobe suppression 
strips 24a and 24b are made of a material with a higher 
sound absorption coefficient. 

In summary, asymmetric acoustic linings for sup 
pressing sound and noise emitted from acoustic ducts, 
when properly located in the peripheral or circumfer 
ential direction, have the advantage of minimizing the 
amount of acoustic material needed for a desired re 
sult, or conversely achieve an increased effect with the 
same amount of treatment. The reduction ofjet engine 
fan noise on the ground, and acoustic ducts for side 
lobe suppression have been discussed, but many other 
applications are possible. 
While the invention has been particularly shown and 

described with reference to several preferred embodi 
ments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be 
made therein without departing from the spirit and 
scope of the invention. 
What is claimed is: 
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1. An improved noise-suppressing fan duct for an air 

craft jet engine having a fan disposed within an annular 
fan duct air passage comprising 
a generally streamlined rigid fan duct with a circular 
cross section having an asymmetric, circumferen 
tially discontinuous acoustic lining attached to the 
inner surface thereof for absorbing noise which ra 
diates within said duct, 

said asymmetric acoustic lining being located on the 
upper portion of the circumference of said duct 
and being effective to alter the directivity of noise 
emitted from an end of said fan duct and produce 
an asymmetric directivity pattern characterized by 
preferential enhanced suppression of noise in an 
angular sector generally below the jet engine, 

wherein said asymmetric acoustic lining is approxi 
mately semicylindrical and is continuous and unin 
terrupted in both the axial and circumferential di 
rections, and 

further including a second acoustic lining attached to 
the lower half of the circumference of said duct, 
said ?rst-mentioned asymmetric acoustic lining 
having a higher sound absorption coefficient than 
said second acoustic lining. 

2. An improved noise-suppressing fan duct for an air 
craft jet engine having a fan disposed within an annular 
fan duct air passage comprising 
a generally streamlined rigid fan duct with a circular 

cross section having an asymmetric, circumferen 
tially discontinuous acoustic lining attached to the 
inner surface thereof for absorbing noise which ra 
diates within said duct, 

said asymmetric acoustic lining being located on the 
upper portion of the circumference of said duct 
and being effective to alter the directivity of noise 
emitted from an end of said fan duct and produce 
an asymmetric directivity pattern characterized by 
preferential enhanced suppression of noise in an 
angular sector generally below the jet engine, 

wherein said asymmetric acoustic lining is made of a 
fibrous acoustic material and is continuous and 
substantially uninterrupted in both the axial and 
circumferential directions, and further including 

a second acoustic lining attached to the lower por 
tions of the circumference of said duct, said first 
mentioned asymmetric acoustic lining having a 
higher sound absorption coefficient than said sec 
ond acoustic lining. 

3. An improved noise-suppressing fan duct for an air 
craft jet engine having a fan disposed within an annular 
fan duct air passage comprising _ 
a generally streamlined rigid fan duct with a circular 

cross section having an asymmetric, circumferen 
tially discontinuous acoustic lining attached to the 
inner surface thereof for absorbing noise which ra 
diates within said duct, 

said asymmetric acoustic lining being located on the 
upper portion of the circumference of said duct 
and being effective to alter the directivity of noise 
emitted from an end of said fan duct and produce 
an asymmetric directivity pattern characterized by 
preferential enhanced suppression of noise in an 
angular sector generally below the jet engine, 

wherein said asymmetric acoustic lining is made of a 
?brous acoustic material, and further including 

a second acoustic lining attached to the lower portion 
of the circumference of said duct, said second 
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acoustic lining having provision for drainage of in 
gested liquids and a lower sound absorption coeffi~ 
cient than said ?rst-mentioned asymmetric acous 
tic lining, 

said ?rst-mentioned asymmetric acoustic lining and 
second acoustic lining in combination being cir 
cumferentially continuous. each individual lining 
further being continuous and substantially uninter 
rupted in both the circumferential and axial direc» 
tions. 

4. A sound suppressing acoustic duct comprising 
an axially extending, relatively rigid hard-walled duct 

having attached to a portion of the periphery of the 
inner surface thereof a ?rst asymmetric sound ab 
sorbing acoustic lining, a second sound absorbing 
acoustic lining attached to the remaining portion of 
the periphery of the inner surface of said duct, said 
?rst and second acoustic linings in combination 
being peripherally continuous and functioning to 
absorb sound which radiates longitudinally through 
said duct and is reflected internally‘ 

each of said acoustic linings individually being con 
tinuous and substantially uninterrupted in both the 
axial and peripheral directions, said ?rst acoustic 
lining further having a higher sound absorption co 
ef?cient than said second acoustic lining, 

said ?rst asymmetric sound absorbing lining being 
peripherally located at any desired peripheral loca 
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tion to alter the directivity of sound emitted from 
an end of said duct and produce an asymmetric di 
rectivity pattern characterized by preferential en 
hanced suppression of sound in a preselected angu 
lar sector. 

5. A sound suppressing acoustic duct according to 
claim 4 wherein said duct is an aircraft jet engine fan 
duct and at least said ?rst acoustic lining is made of a 
?brous acoustic material. 

6. A sound suppressing acoustic duct comprising 
an axially extending, relatively rigid duct having a 
hard-walled inner surface into which is recessed an 
attached acoustic lining for preferential side lobe 
suppression comprised by a pair of opposing sound 
absorbing strips for absorbing sound which radiates 
longitudinally through said duct and is re?ected in 
ternally, 

each of said sound absorbing strips being made of the 
same acoustic material and each being continuous 
and substantially uninterrupted in both the axial 
and peripheral directions. 

said pair of opposing sound absorbing strips being pe 
ripherally spaced from one another and peripher 
ally located and dimensioned to obtain preferential 
enhanced side lobe suppression of the sound emit 
ted from an end of said duct. 

* * * >l< * 


