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(54) Cavity acoustic tones suppression

(57) A cavity system that tends to increase the thick-
ness (28) of the shear layer (22), comprising: a cavity (2)
and a plate (104); the plate (104) comprising a plurality
of holes (4) through it, wherein the proportion of the area
of the plate (104) taken up by the holes is ≥ 60%, for
example ≥ 75% or ≥ 90%; the plate (104) being positioned
in the proximity of a leading edge (14) of the cavity (2);

the surface of the plate (104) at a perpendicular or oblique
angle to the actual or intended flow direction (6). The
plate (104) may be positioned at an oblique angle to the
flow direction (6). One or more flow alteration elements,
for example elongate members (34) positioned across
the holes and/or members (38) positioned directly behind
or in front of the holes (4).



EP 2 778 044 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates to methods and
systems for suppression of acoustic tones and/or reso-
nance and/or other acoustic tone effects in cavities for
when they are moving relative to an ambient fluid. The
present invention relates in particular to, but is not limited
to, such methods and systems for vehicle cavities, for
example aircraft cavities, for example bays, when the
aircraft is travelling through air.

BACKGROUND

[0002] When a cavity is moving in ambient fluid, for
example when an aircraft bay is moving in air, a shear
layer is formed between the moving ambient air and the
static air in the cavity (from the reference point of the
aircraft). A vortex is shed from the cavity leading edge
and grows as it travels down the shear layer and impacts
on the aft (trailing) wall of the bay resulting in the emission
of noise. Also the acoustic wave travels back upstream
inside the bay. The fluctuating pressure of the acoustic
wave may either result in vortices being shed from the
leading edge cavity lip or an increase in the growth rate
of the vortices such that a series of vortices is formed
down the shear layer at a preferential rate which is related
to the frequency of the upstream acoustic wave. The vor-
tices grow into large scale structures as they propagate
downstream in the shear layer and then impact the aft
(trailing) wall of the bay at a characteristic rate. This re-
sults in acoustic noise being generated at a characteristic
rate which may be described as acoustic tones of a char-
acteristic frequency.
[0003] The frequency of the tones may be formulated
using Rossiter’s equation. It can be seen that here is a
feedback loop formed by the passage of the vortices and
the upstream propagating acoustic wave.
[0004] It is known in aircraft to employ spoiler arrange-
ments to divert the airflow over and beyond the cavity,
i.e. over and beyond any boundary layer or prospective
shear layer so that the above described effects do not
take place. It is further known to include holes in such
spoilers for the purpose of reducing the weight of the
spoiler. Accordingly, the holes are sized and/or spaced
so as to provide weight loss without substantially disrupt-
ing the operation of the spoiler in diverting substantially
all of the impinging fluid flow. In other words, it is the case
that such prior art arrangements reduce or remove the
size of the shear layer. It is understood that accordingly
for such known spoilers the proportion of the active spoil-
er area that is taken up by the holes is usually less than
30%. A report (Technical Report AFFDL-TR-79-3003
published February 1979 by Air Force Flight Dynamics
Laboratory, Air Force Wright Aeronautical Laboratories,
Air Force Systems Command, Wright-Patterson Air
Force Base, Ohio 45433, USA), titled "Evaluation of F-

111 Weapon Bay Aero-Acoustic and Weapon Separation
Improvement Techniques", authored by Rodney L. Clark,
appears to mention, but not evaluate, a spoiler with the
proportion of the area taken up by the holes being 50%.
[0005] US 5,699,981 discloses an aircraft cavity
acoustic resonance suppression system which compris-
es a small diameter, substantially cylindrically shaped
member disposed substantially parallel to and spaced
up to a distance corresponding to about three airflow
boundary layer thicknesses from the surface of an aircraft
near the leading edge of the cavity and transverse to
airflow thereacross. An actuator is provided to select the
adjustment of the spacing between the member and the
aircraft surface according to different operational speeds
and hence different operational boundary layer thick-
nesses as the member’s spacing of about three airflow
boundary layer thicknesses from the surface of the air-
craft is disclosed as critical.

SUMMARY OF THE INVENTION

[0006] The present inventor has realised that it would
be desirable to provide a form of suppression by gener-
ating multiple fine scale turbulances i.e. resulting in mul-
tiple small vortices, within the shear layer, thereby dis-
rupting the formation of large scale vortices in the shear
layer which are part of the tone generation process, and
moreover to provide that the multiple fine scale turbu-
lances tend not to combine into larger ones. The present
inventor has further realised that one way, for example,
to deter the combination of the fine scale turbulence into
larger ones would be to increase the thickness of the
shear layer formed at the cavity (note for example, that
in contrast the known spoilers with weight-reducing holes
described earlier above in complete contrast aim to avoid
a shear layer or at least reduce the thickness of any re-
maining shear layer). The present inventor has realised
that, conventionally, an upstream acoustic wave inter-
acts with the vortices in the shear layer at approximately
common times i.e. they display a temporal coherence.
The present inventor has realised that in contrast, by pro-
viding a thicker shear layer, the vortices closer to the
stream flow will propagate downstream faster than those
closer to the static air in the bay. The present inventor
has realised that therefore at some point downstream
the vortices will arrive at different times to each other.
The present inventor has realised that this loss of tem-
poral coherence will disrupt the formation of the conven-
tional large scale turbulent structures that would other-
wise play a key role in the generation of unwanted acous-
tic tones. The present inventor has further realised that
it would be desirable to provide a suppression system
comprising elements that readily accommodated differ-
ing boundary layer thicknesses without requiring posi-
tional adjustment, unlike the system disclosed in US
5,699,981.
[0007] In a first aspect, the invention provides a cavity
system, comprising: a cavity and a plate; the plate com-
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prising a plurality of holes through it, wherein the propor-
tion of the area of the plate taken up by the holes is ≥
60%; the plate being positioned in the proximity of a lead-
ing edge of the cavity, the leading edge being relative to
an actual or intended flow direction of a fluid over the
cavity; the plate arranged with the surface of the plate at
a perpendicular or oblique angle to the actual or intended
flow direction.
[0008] The plate may be entirely downstream of the
leading edge.
[0009] The plate may be positioned at an oblique angle
to the flow direction such that some of the holes are fur-
ther away from the leading edge in the flow direction com-
pared to other of the holes.
[0010] The plate may have a non-planar surface.
[0011] One or more flow alteration elements may be
provided at one or more of the holes.
[0012] At least some of the flow alteration elements
may comprise an elongate member positioned across
the hole.
[0013] At least some of the flow alteration elements
comprise a member positioned directly behind or in front
of the hole.
[0014] One or more of the holes may have a different
cross-sectional shape and/or have a different diameter
or other relevant dimension to one or more of the other
holes.
[0015] The proportion of the area of the plate taken up
by the holes may be ≥ 75%.
[0016] The proportion of the area of the plate taken up
by the holes may be ≥ 90%.
[0017] The plate may be positioned at a distance from
the leading edge that is ≤ 0.2 x the distance between the
leading edge and an aft edge.
[0018] The plate may be positioned at a distance from
the leading edge that is ≤ 0.1 x the distance between the
leading edge and the aft edge.
[0019] The plate may be positioned at a distance from
the leading edge that is ≤ 0.05 x the distance between
the leading edge and the aft edge.
[0020] The plate may be in the form of gauze or mesh.
[0021] The effect of the plate comprising the holes may
be to increase the thickness of the shear layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Figure 1 is a schematic illustration (not to scale) of
a perspective view of a cavity acoustic tones sup-
pression system;

Figure 2 is a schematic cross-sectional view of (not
to scale) of the suppression system of Figure 1;

Figure 3 is a schematic illustration (not to scale) of
a hole with a flow alteration elements provided at it;

Figure 4 is a schematic (not to scale) illustration
showing a hole in cross-sectional view as viewed
perpendicular to the flow direction;

Figure 5 is a schematic (not to scale) illustration
showing a hole in cross-sectional view as viewed
perpendicular to the flow direction;

Figure 6 is a schematic (not to scale) illustration
showing a hole in cross-sectional view as viewed
perpendicular to the flow direction;

Figure 7 is a schematic illustration (not to scale) of
a hole with a flow alteration element provided at it;

Figure 8 is a schematic cross-sectional view (not to
scale) of a suppression system;

Figure 9 is a schematic cross-sectional view (not to
scale) of a suppression system; and

Figure 10 is a schematic (not to scale) illustration
showing a hole in cross-sectional view as viewed
perpendicular to the flow direction.

DETAILED DESCRIPTION

[0023] It will be appreciated that relative terms such as
horizontal and vertical, top and bottom, above and below,
front and back, and so on, are used above merely for
ease of reference to the Figures, and these terms are
not limiting as such, and any two differing directions or
positions and so on may be implemented rather than truly
horizontal and vertical, top and bottom, and so on. In
particular, for convenience, in the Figures a cavity is
shown with it opening at the top of the page, and so for
convenience the word "top" is used to mean the opening
of the cavity, and the word "above" means further away
from the cavity, However, it will be appreciated that the
present invention refer also to cavities positioned for ex-
ample underneath the wing or fuselage of e.g. an aircraft,
i.e. upside down to that shown in the Figures, but the
description use of the word "top" will still refer to the open-
ing part of the cavity and that of the word "above" will still
refer to being away from the cavity.
[0024] Figure 1 is a schematic illustration (not to scale)
of a perspective view of a first embodiment of a cavity
acoustic tones suppression system 1 (hereinafter re-
ferred to as the suppression system 1). The suppression
system 1 comprises a cavity 2, and a member having a
substantially plate form (hereinafter referred to as a plate)
4. The plate 104, has a plurality of holes 4 (which may
also be termed channels) passing through it.
[0025] In this embodiment the plate 104 has planar sur-
faces (i.e. non-curved).
[0026] In this embodiment, the cavity 2 is rectangular
and comprises a planar base 3. The cavity 2 further com-
prises, defined relative to an actual or intended flow di-
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rection 6, a leading wall 8, an aft (trailing) wall 10, and
two side walls 12. In this embodiment these walls are all
perpendicular to the planar base 3. At the top of the cavity
2, the cavity 2 comprises, for each of these walls respec-
tively, a leading edge 14, an aft (trailing) edge 16, and
two side edges 18.
[0027] In this embodiment the plate 104 is, arranged
with its surface extending across the width of the cavity
i.e. in a transverse direction to the flow direction 6, i.e. in
this embodiment parallel with the front and aft (trailing)
edges and walls, i.e. the holes are arranged such that
the flow direction 6 impinges on the holes 4. Thus in this
embodiment the plate 104 is positioned perpendicularly
to the flow direction 6. As a consequence holes that are
located at different heights on the plate are positioned
directly above and below each other, i.e. at equal dis-
tances, in the flow direction 6, from the leading edge 14.
[0028] The area of the plate taken up by the holes 4,
the number of holes, and the diameter of the holes 4, are
determined such that the impinging fluid flow substan-
tially passes through the holes 4 rather than being divert-
ed over the top of the cavity in the way that would sub-
stantially happen with a spoiler with no holes or holes
included primarily to reduce the weight of a spoiler. For
clarity only ten holes 4 are shown in Figure 1, but in prac-
tice the plate 104 will typically contain many more than
ten holes 4. In this embodiment the proportion of the area
of the plate 104 taken up by the holes 4 is 60%, and more
generally any proportion ≥ 60% may be employed. In
other embodiments even higher proportions may be em-
ployed to provide even stronger suppression effects. For
example, an even more preferred proportion of the area
of the plate taken up by the holes 4 is ≥ 75%, and a yet
further preferred proportion of the area of the plate taken
up by the holes 4 is ≥ 90%.
[0029] In this embodiment the plate 104 is positioned
downstream of the leading edge 14 (i.e. above the cavity
2), and the plate 104 is positioned closer to the leading
edge 14 than it is to the aft (trailing) edge 16. More par-
ticularly, in this embodiment the plate 104 is positioned
such that the distance of the plate 104 from the leading
edge 14 equals 0.05 x the total distance between the
leading edge 14 and the aft (trailing) edge 14.
[0030] In this embodiment, the plate 104 is positioned
such that its lowest extremity (as viewed on the page in
the Figures) is approximately level with the top (opening)
of the cavity 2 (i.e. level with the dotted line indicated by
reference numeral 20), i.e. approximately level with the
leading edge 14. In other words, in this embodiment the
plate does not 104 extend down into the cavity.
[0031] In this embodiment the holes 4 are all of circular
cross-sectional shape.
[0032] In this embodiment the holes 4 are all of the
same (circular) cross-sectional shape as each other, and
are all of the same diameter as each other.
[0033] In this embodiment the holes 4 pass through
the plate 104 parallel to the flow direction 6, i.e. the sur-
face of the plate 104 is perpendicular to the flow direction

6, i.e. the holes extend perpendicularly through the plate
104.
[0034] In this embodiment the plate 104 extends com-
pletely across the width of the cavity 2.
[0035] In this embodiment the holes 4 are all spaced
in a symmetric evenly spaced arrangement i.e. the holes
4 are distributed evenly over the plate 104.
[0036] The tendency of the suppression system 1 to
suppress acoustic tones when in operation will now be
described with reference to Figure 2. Figure 2 is a sche-
matic cross-sectional view of (not to scale) of the sup-
pression system 1 of Figure 1. Elements of the system
shown in Figure 2 that were also shown in Figure 1 are
the following: the cavity 2, the planar base 3, plate 104
comprising the plurality of holes 4, the flow direction 6,
the leading wall 8, the aft (trailing) wall 10, the leading
edge 14, and the aft (trailing) edge 16.
[0037] Also shown in Figure 2 is the plane of a surface
19, e.g. a surface 19 of e.g. an aircraft that surrounds the
cavity 2 (i.e. the surface 19 for which a gap or major
change in orientations in that surface 19 creates the
opening of the cavity 2). Also shown (in dotted line form)
in Figure 2 for ease of explanation later below is a hypo-
thetical extension 20 of the surface 19 over the cavity 2.
[0038] In operation, one effect of the plate 104 com-
prising the plurality of holes 4 is to tend to increase the
thickness of the shear layer 22 compared to if the plate
104 with holes 4 was not present, or indeed if there was
a plate present that nevertheless had no holes or with
less than 50% of its area being of holes. This is at least
in part due to the holes 4 presenting a disruption or
change to the air flow direction to deflect the flow both in
and out of the cavity (the latter being nevertheless near
the top of the cavity). The shear layer 22 is represented
schematically in Figure 2 as the region between a line
representing the top 24 (i.e. furthest away from the cavity
2) of the shear layer 22 and a line representing the bottom
28 (i.e. closest to the cavity 2) of the shear layer. The
thickness 28 of the shear layer 22 at any point along the
cavity 2 is correspondingly the distance between the top
24 of the shear layer 22 and the bottom 26 of the shear
layer 22.
[0039] In operation, a further effect of the plurality of
holes 4, spread over different heights over the extent of
the surface of the plate 104, is to tend to provide multiple
sources of fine scale turbulence giving rise to a plurality
of small vortices 30 at differing heights. Due at least in
part to the thicker shear layer 22, in particular the plurality
of heights at which the vortices are shed due to the dif-
ferent heights of the different holes 4, the vortices 30 tend
not to combine into larger ones. By provision of the thicker
shear layer 22, and the plurality of heights at which the
vortices are shed due to the different heights of the dif-
ferent holes 4, the vortices 30 closer to the top 24 of the
shear layer 22 (i.e. closer to the ambient fluid flow) prop-
agate downstream faster than those vortices 30 closer
to the bottom 26 of the shear layer 22 (i.e. closer to the
static air in the cavity 2). Accordingly the vortices 30 arrive
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at given points downstream at different times i.e. there
is a loss of temporal coherence, and consequently there
is a disruption of the conventional tendency for formation
of large scale turbulent structures that would otherwise
play a key role in the generation of unwanted acoustic
tones. Furthermore by virtue of the additional height
achieved in total by use of the overall height of the plate
104, differing boundary layer thicknesses tend to be read-
ily accommodated (without requiring positional adjust-
ment).
[0040] In further embodiments, flow alteration ele-
ments are provided in relation to one or more (preferably
all) of the holes 4. The flow alteration elements may in-
crease the deflection of the vortices 30 into and/or out of
the cavity 2, thereby further enhancing the thickening of
the shear layer 22. The flow alteration elements may ad-
ditionally or alternatively serve as additional sources of
fine scale turbulence giving rise to yet further small vor-
tices 30, hence tending to provide yet further loss of tem-
poral coherence.
[0041] Figure 3 is a schematic illustration (not to scale)
of a hole 4 of one such embodiment with flow alteration
elements provided at one or more (preferably all) of the
holes 4. In Figure 3 the hole 4 is viewed from the front,
i.e. as would be seen by the flow direction 6.
[0042] A member, e.g. an elongate member, e.g. a rod
34 (or alternatively, for example, a vane) is positioned
across the hole 4 (i.e. in this embodiment the flow alter-
ation element is the rod 34). The rod 34 is arranged such
that in operation some of the fluid impacting the hole 4
is diverted by the rod 34, thereby providing additional
sources of fine scale turbulence (hence additional vorti-
ces 30) and/or increasing the deflection of the vortices
30 into and/or out of the cavity 2, thereby further enhanc-
ing the thickening of the shear layer 22.
[0043] In this embodiment, the rod 34 extends across
a diameter of the hole 4 (and in corresponding embodi-
ments where the hole 4 is shaped other than in the form
of a circle, across a corresponding central crossing point,
e.g. the diagonal of a rectangle). However this need not
be the case, and in other embodiments, for one or more
of the holes 4, the rod 34 may extend across between
two other points of the hole 4.
[0044] In this embodiment the member is a straight rod
34, however this need not be the case, and in other em-
bodiments, for one or more of the holes 4, the member
positioned across the hole may be other than a straight
rod, e.g. it may be Y-shaped.
[0045] In this embodiment, as shown in Figure 4, the
rod 34 is of circular cross-section. Each of Figure 4, Fig-
ure 5, and Figure 6 is a respective schematic (not to scale)
illustration showing the hole 4 in cross-sectional view as
viewed perpendicular to the flow direction 6, and the
same reference numerals are used for the same features
as were used in the earlier Figures. In other embodi-
ments, for one or more of the holes 4, the rod (or vane)
34 is of a cross-sectional shape other than circular, for
example rectangular as shown in Figure 5. In the em-

bodiment shown in Figure 5 the rod 34 extends across
the depth of the hole 4 fully parallel to the flow direction
6, i.e. it remains at the same relative separations from
the top and bottom of the hole 4 across the complete
depth of the hole 4. However, this need not be the case,
and in other embodiments the rod 34 extends across the
depth of the hole 4 in a direction other than fully parallel
to the flow direction 6, i.e. at different relative separations
from the top and bottom of the hole 4 across the complete
depth of the hole 4, as for example in the case of the
embodiment shown in Figure 6, where the rod 34 (or
vane) provides an obliquely angled surface to the imping-
ing flow direction 6.
[0046] Figure 7 is a schematic illustration (not to scale),
of a hole 4 of a further such embodiment with flow alter-
ation elements provided at one or more (preferably all)
of the holes 4. Figure 7 shows the hole 4 in cross-sec-
tional view as viewed perpendicular to the flow direction
6, i.e. the same view as shown in Figures 4-6, and the
same reference numerals are used for the same features
as were used in the earlier Figures.
[0047] A member, e.g. a an angled member, e.g. a
vane 38 (or alternatively, for example, a tab or protrusion
or spoiler) is positioned directly behind the hole 4 (i.e. in
this embodiment the flow alteration element is the vane
38). The vane 38 is arranged such that in operation some
of the fluid impacting the hole 4 is diverted by the vane
34, thereby providing additional sources of fine scale tur-
bulence (hence additional vortices 30) and/or increasing
the deflection of the vortices 30 into and/or out of the
cavity 2, thereby further enhancing the thickening of the
shear layer 22.
[0048] In this embodiment, the vane 38 extends from
the top of the hole 4 at an angle to the airflow direction
6. However this need not be the case, and in other em-
bodiments, for one or more of the holes 4, the vane may
extend in any direction, and from any point of the hole,
arranged to provide the required fluid flow. Furthermore,
the skilled person may use any appropriate profile to pro-
vide the required fluid flow. For example the vane 38 may
have a curved outline profile, e.g. semi-circular as viewed
along the flow direction 6, or it may be rectangular, or
irregularly shaped, and so on.
[0049] In further embodiments, at one or more of the
holes with vanes 38, the vane 38 positioned directly in
front of the hole 4 rather than directly behind the hole 4.
[0050] In embodiments where flow alteration elements
are provided on one or more of the holes 4, such as those
embodiments described above with reference to Figures
3-7, the following variations (i) to (vii) are, for example,
possible.

(i) For one or more of the holes provided with flow
alteration elements, the holes may comprise one or
plural flow alteration elements. For example, where
each flow alteration element is a member across a
hole, two or more members may be provided on a
single hole (or on each of a plurality of holes), the
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members being arranged above each other and/or
beside each other, for example.

(ii) Where the flow alteration elements are vanes,
and there are plural vanes at a given hole, the plural
vanes may be provided all on the same side (i.e.
behind or in front) of the hole, or on both sides of the
hole.

(iii) Where the flow alteration elements are vanes,
and there are plural vanes on a given hole, one or
more of the vanes may extend a different distance
from the hole, and/or at a different angle or direction,
to other vanes.

(iv) Similar to (iii), a vane at one hole may be different
in character, e.g.
may extend a different distance from the hole and/or
at a different angle or direction, to one or more vanes
at one or more of the other holes.

(v) For holes with plural flow alteration elements pro-
vided at them, the plural flow alteration elements may
all be rods, or may all be vanes, or may be a mixture
of each.

(vii) In the above embodiments with flow alteration
elements at the holes, the flow alteration elements
are rods across the holes and/or vanes behind or in
front of the holes. However, in other embodiments
any other forms of flow alteration elements may be
provided, additionally or alternatively, at one or more
of the holes. For example, one or more of the flow
alteration elements may comprise any other form of
obstruction to or diversion to some of the airflow im-
pinging on the hole.

[0051] Returning to a more general discussion of fur-
ther embodiments, in the above embodiments the holes
4 are all of circular cross-sectional shape. However, this
need not be the case, and in other embodiments, the
holes 4 may all be the same cross-sectional shape, where
that shape is other than circular e.g. a non-circular curved
shape, or a non-curved shape, e.g. rectangular.
[0052] In the above embodiments the plate 104 ex-
tends completely across the width of the cavity 2. How-
ever, this need not be the case, and in other embodiments
the plate 104 may extend only across a part of the width
of the cavity 2, but this will be preferably at least half the
width of the cavity 2, and yet more preferably over at least
three quarters (ª) of the width of the cavity 2.
[0053] In general it will be appreciated that any non-
uniformity introduced into the form of one or more of the
individual holes 4 (for example by, but not limited to, in-
clusion of one or more flow alteration elements as de-
scribed earlier above) and/or any non-uniformity intro-
duced between one or more of the different holes 4 and/or
their relative arrangements/positions etc. will tend to pro-

vide the possibility of increased numbers or variations of
sources of fine scale turbulence, with corresponding in-
creased numbers of small vortices and/or thicker shear
layer and/or increased disruption of the temporal coher-
ence of the small vortices, any of which effects may fur-
ther improve the suppression performance of the sup-
pression system 1. The following further embodiments
(i) to (iii) are further examples of embodiments introduc-
ing or enhancing such nun-uniformity.

(i) In the above embodiments the holes 4 are all of
the same (circular) cross-sectional shape as each
other, and are all of the same diameter as each other.
However, this need not be the case, and in other
embodiments one or more of the holes 4 may have
a different cross-sectional shape and/or may have a
different diameter or other relevant dimension to the
other holes 4.

(ii) In the above embodiments the holes 4 are all
spaced in a symmetric evenly spaced arrangement,
i.e. the holes 4 are distributed evenly over the plate
104. However, this need not be the case, and in other
embodiments some or all of the holes are distributed
unevenly over the plate 104. An uneven distribution,
and in particular a non-even height distribution, will
tend to further disrupt the temporal coherence of the
small vortices.

(iii) In the above embodiments the plate 104 is posi-
tioned perpendicularly to the flow direction 6. As a
consequence holes that are located at different
heights on the plate are nevertheless positioned di-
rectly above and below each other. However, this
need not be the case, and in other embodiments the
plate 104 is positioned at an oblique angle (in the
vertical plane as viewed in the Figures) to the flow
direction 6. As a consequence, in these other em-
bodiments holes that are located at different heights
on the plate are positioned at different distances from
the leading edge in the direction of the flow direction
6. One embodiment of a suppression system 1 with
an obliquely angled plate 104 is shown in Figure 8,
which is a schematic cross-sectional view (not to
scale) of the suppression system 1, in which the
same reference numerals are used for the same fea-
tures as were used in the earlier Figures. In this em-
bodiment the front surface of the plate 104 presents
an obtuse angle to the impinging flow direction 6.
For clarity only three different heights of holes 4 are
shown, but in practice there may be many more dif-
ferent heights at which holes are located. In Figure
8 the distance of each hole from the leading edge is
indicated as xn. Due to the angled arrangement of
the plate 104, holes at different heights are located
at different distances, along the flow direction 6, from
the leading edge 14, i.e. x1 ≠ x2 ≠ x3. This will tend
to encourage shedding of the vortices 30 to occur at
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different times, i.e. at different stages of the formation
of the shear layer 2 (by providing sources of fine
scale turbulence at differing points in time along the
flow), hence tending to further increase the extent of
the disruption of temporal coherence between the
different vortices 30 shed by the different holes. An-
other embodiment of a suppression system 1 with
an obliquely angled plate 104 is shown in Figure 9,
which is a schematic cross-sectional view (not to
scale) of the suppression system 1, in which the
same reference numerals are used for the same fea-
tures as were used in the earlier Figures. In this em-
bodiment the front surface of the plate 104 presents
an acute angle to the impinging flow direction 6.

[0054] In the above embodiments the plate 104 has
planar surfaces (i.e. non-curved). However, this need not
be the case, and in other embodiments the plate 104 may
have curved surfaces. This will also give holes at different
heights are located at different distances, along the flow
direction 6, from the leading edge, thus will tend to en-
courage shedding of the vortices 30 to occur at different
times, i.e. at different stages of the formation of the shear
layer 2 (by providing sources of fine scale turbulence at
differing points in time along the flow), hence tending to
further increase the extent of the disruption of temporal
coherence between the different vortices 30 shed by the
different holes.
[0055] Returning to a more general discussion of fur-
ther embodiments, in the above embodiments the plate
104 is positioned downstream of the leading edge, with
the plate 104 positioned such that the distance of the
plate 104 from the leading edge 14 equals 0.05 x the total
distance between the leading edge 14 and the aft (trail-
ing) edge 14. However this need not be the case, and in
other embodiments the plate 104 may be positioned at
any position downstream of the leading edge that is in
the proximity of the leading edge. This may include, for
example, any position downstream of the leading edge
that is closer to the leading edge 14 than it is to the aft
(trailing) edge 16, as some degree of suppression will
still tend to occur. However, preferably the plate 104 is
positioned closer to the leading edge than that, as then
an even greater extent of the suppression effect will tend
to occur. For example, as well as the preferred positioning
at a distance downstream from the leading edge of 0.05
x the total distance between the leading edge 14 and the
aft (trailing) edge 16, even more preferred is any posi-
tioning at a distance of ≤ 0.05 x the total distance, but
also preferred more generally is positioning at a distance
of ≤ 0.1 x the total distance, and yet more generally any
positioning at a distance of ≤ 0.2 x the total distance.
[0056] In the above embodiments, the plate 104 is po-
sitioned downstream of the leading edge 14 (i.e. above
the cavity 2). However, this need not be the case, and in
other embodiments the plate 104 may be positioned up-
stream of the leading edge 14, i.e. above the surface 19
rather than above the cavity 2. In such embodiments, the

plate 104 may be positioned upstream from the leading
edge 14 at any position in the proximity of the leading
edge, which may be at any distance from the leading
edge ≤ half the distance between the leading edge 14
and the aft (trailing) edge 16. Preferably, however, the
plate 104 is positioned upstream from the leading edge
at a distance from the leading edge ≤ 0.2 x the distance
between the leading edge 14 and the aft (trailing) edge
16; more preferably at a distance from the leading edge
≤ 0.1 x the distance between the leading edge 14 and
the aft (trailing) edge 16; and yet more preferably at a
distance from the leading edge ≤ 0.05 x the distance be-
tween the leading edge 14 and the aft (trailing) edge 16.
[0057] In yet further embodiments, the plate 104 may
be positioned directly over the leading edge 14. (It will
also be appreciated that in those embodiments where
the plate is arranged at an oblique angle to the flow di-
rection, respective different heights of the plate 104 may
be located at any two or three of the above possibilities,
namely downstream of the leading edge, directly above
the leading edge, and upstream of the leading edge.)
[0058] In this embodiment, the plate 104 is positioned
such that its lowest extremity (as viewed on the page in
the Figures) is approximately level with the top (opening)
of the cavity 2 (i.e. level with the dotted line indicated by
reference numeral 20), i.e. approximately level with the
leading edge 14. In other words, in this embodiment the
plate does not 104 extend down into the cavity 2. How-
ever, this need not be the case, and in other embodi-
ments, a portion of the plate 104 may extend down into
the cavity 2.
[0059] In the above embodiments the holes 4 pass
through the plate 104 parallel to the flow direction 6, i.e.
the surface of the plate 104 is perpendicular to the flow
direction 6, i.e. the holes extend perpendicularly through
the plate 104. However, this need not be the case, and
in other embodiments one or more of the holes 4 may
pass through the plate in an obliquely angled direction
i.e. non-perpendicular to the surface of the plate 104, for
example as shown in Figure 10, which is a schematic
(not to scale) illustration showing the hole 4 in cross-
sectional view as viewed perpendicular to the flow direc-
tion 6, and in which the same reference numerals are
used for the same features as were used in the earlier
Figures.
[0060] As stated earlier above, the suppression sys-
tem 1 comprises a cavity 2 and a plate 104 that has a
plurality of holes 4 (which may also be termed channels)
passing through it. In the above embodiments the plate
104 may be provided with the holes 4 using any appro-
priate manufacturing technique, for example by drilling
holes through a plate, or by injection moulding a plate
comprising holes. In corresponding fashion, in those em-
bodiments where flow alteration elements are included
at the holes, the flow alteration elements may be provided
by any appropriate manufacturing technique. In yet fur-
ther embodiments, the plate 104 that has a plurality of
holes 4 passing through it may be provided in the form
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of a gauze or mesh, with a wire or other material form
being of sufficient structural size compared to the holes
in the mesh to provide the required level of physical sta-
bility. The use of a gauze or mesh is particularly conven-
ient for those embodiments where the proportion of the
area of the plate 104 taken up by the holes 4 is relatively
high, for example in the earlier mentioned embodiment
in which the area of the plate taken up by the holes 4 is
≥ 75%, and even more so in the earlier mentioned em-
bodiment in which the area of the plate taken up by the
holes 4 is ≥ 90%.
[0061] In the above embodiments, the cavity 2 is rec-
tangular and comprises a planar base 3, the cavity 2 fur-
ther comprises, defined relative to an actual or intended
flow direction 6, a leading wall 8, an aft (trailing) wall 10,
and two side walls 12, and these walls are all perpendic-
ular to the planar base 3. However, these specific cavity
details are not essential, and in other embodiments any
other cavity shape may be present. For example, there
need not be only four walls, the walls need not be straight
or perpendicular, the cavity may be defined by one or
more walls forming a curved or partially curved perimeter
to the cavity, the perimeter may be irregularly shaped,
one or more walls may be sloping, the base and or one
or more walls may be undulating or sloped, and so on.
However, the suppression will tend to occur more strong-
ly the more straightforwardly the leading edge (compared
to the actual or intended airflow direction) is defined or
present.
[0062] Also, it will be appreciated that in embodiments
with cavity shapes as described above, including irreg-
ularly shaped cavities, the skilled person will modify such
directions described above as parallel, transverse, per-
pendicular, and the like, which are suitable for regularly
shaped cavities, to provide other directions that achieve
corresponding functionalities, at least to some extent, as
those described above as parallel, transverse, perpen-
dicular, and the like. Also, even when the cavity is regu-
larly shaped, in yet further embodiments, directions that
contain a resolved part of the described parallel, trans-
verse, perpendicular, and the like direction may be im-
plemented instead of completely parallel, transverse,
perpendicular, and the like directions. For example, the
plate and/or holes and/or flow alteration elements may
cross a rectangular cavity with a transverse direction that
is at an oblique angle to the stated direction, but contains
a resolved element of that direction and hence of its ef-
fect, for example at a direction of 15°, 30° or 45° to the
direction parallel to the leading edge 14.

Claims

1. A cavity system, comprising:

a cavity (2) and a plate (104);
the plate (104) comprising a plurality of holes (4)
through it, wherein the proportion of the area of

the plate (104) taken up by the holes is ≥ 60%;
the plate (104) being positioned in the proximity
of a leading edge (14) of the cavity (2), the lead-
ing edge (14) being relative to an actual or in-
tended flow direction (6) of a fluid over the cavity
(2);
the plate (104) arranged with the surface of the
plate (104) at a perpendicular or oblique angle
to the actual or intended flow direction (6).

2. A cavity system according to claim 1, wherein the
plate (104) is entirely downstream of the leading
edge (14).

3. A cavity system according to claim 1 or claim 2,
wherein the plate (104) is positioned at an oblique
angle to the flow direction (6) such that some of the
holes (4) are further away from the leading edge (14)
in the flow direction (6) compared to other of the holes
(4).

4. A cavity system according to any of claims 1 to 3,
wherein the plate (104) has a non-planar surface.

5. A cavity system according any of claims 1 to 4,
wherein one or more flow alteration elements (34,
38) are provided at one or more of the holes (4).

6. A cavity system according to claim 5, wherein at least
some of the flow alteration elements (34, 38) com-
prise an elongate member (34) positioned across
the hole (4).

7. A cavity system according to claim 5 or claim 6,
wherein at least some of the flow alteration elements
(34, 38) comprise a member (38) positioned directly
behind or in front of the hole (4).

8. A cavity system according to any of claims 5 to 7,
wherein one or more of the holes (4) has a different
cross-sectional shape and/or has a different diame-
ter or other relevant dimension to one or more of the
other holes (4).

9. A cavity system according to any of claims 1 to 8,
wherein the proportion of the area of the plate (104)
taken up by the holes is ≥ 75%.

10. A cavity system according to claim 9, wherein the
proportion of the area of the plate (104) taken up by
the holes is ≥ 90%.

11. A cavity system according to any of claims 1 to 10,
wherein the plate (104) is positioned at a distance
from the leading edge (14) that is ≤ 0.2 x the distance
between the leading edge (14) and an aft edge (16).

12. A cavity system according to claim 11, wherein the
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plate (104) is positioned at a distance from the lead-
ing edge (14) that is ≤ 0.1 x the distance between
the leading edge (14) and the aft edge (16).

13. A cavity system according to claim 12, wherein the
plate (104) is positioned at a distance from the lead-
ing edge (14) that is ≤ 0.05 x the distance between
the leading edge (14) and the aft edge (16).

14. A cavity system according to any of claims 1 to 13,
wherein the plate (104) is in the form of gauze or
mesh.

15. A cavity system according to any of claims 1 to 14,
wherein the effect of the plate (104) comprising the
holes (4) is to increase the thickness (28) of the shear
layer (22).
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