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(54) MUZZLE BRAKE

(57) A muzzle brake (20) for a gun tube (12) defining
a bore (40) centred on a longitudinal axis (32). The muz-
zle brake (20) comprises a top plate (24) and a bottom
plate (26). A first wall section (100), a second wall section
(200) and a third wall section (300) extend from the top
plate (24) to the bottom plate (26).The second wall sec-
tion (200) extends from the first wall section (100) to a
firstbaffle (220). The third wall section (300) extends from
the second wall section (200) to a second baffle (320).
The second wall section (200), top plate (24) and bottom

plate (26) converge towards the longitudinal axis (32)
and thefirstbaffle (220), such that the second wall section
(200), top plate (24), bottom plate (26) and first baffle
(220) define a first compression cone (224). The third
wall section (300), top plate (24) and bottom plate (26)
converge towards the longitudinal axis (32) and the sec-
ond baffle (320) such that the third wall section (300), top
plate (24), bottom plate (26) and second baffle (320) de-
fines a second compression cone (324).

Figure 1
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Description

[0001] The present disclosure relates to a muzzle
brake for a gun tube.

Background

[0002] Muzzle brakes are used to reduce recoil energy
of cannon systems, for example artillery and large calibre
tubed guns. They are configured to divert a portion of the
gas venting from the barrel after a projectile has exited
to reduce the recoil force on the barrel, and hence reduce
stress on a support structure to which the barrel is at-
tached. The mechanism for all current muzzle brakes is
that, by diverting the gas, the gas’s forward momentum
is reduced and the barrel’s rearward momentum is re-
duced by a corresponding amount. Therefore the greater
the volume of gas and the greater the angle of diversion,
the greater the recoil efficiency of the muzzle brake.
[0003] "Recoilefficiency" defines how much energy the
muzzle brake removes from the recoiling mass of the
gun. For example, in a system with 100% efficiency, a
gun barrel would be stopped from recoiling without the
need for a buffer/recoil system to slow it down, and a
50% efficient muzzle brake will remove 50% of the kinetic
energy of the recoiling barrel.

[0004] The downside of the conventional approach is
that the more gas is diverted the greater the power of a
blast overpressure which reaches the crew (shown to the
leftin Figure 1). The blast overpressure is a single pres-
sure wave driven by the gas expanding from the barrel
and can be responsible for hearing damage and other
injurious effects on the gun crew.

[0005] Hence a muzzle brake which reduces blast over
pressure whilst having the same, or better, recoil efficien-
cy, is highly desirable.

Summary

[0006] Accordingtothe presentdisclosure there is pro-
vided a muzzle brake and an assembly comprising the
muzzle brake as set forth in the appended claims. Other
features of the invention will be apparent from the de-
pendent claims, and the description which follows.

[0007] Accordingly there may be provided a muzzle
brake (20) for a gun tube (12). The muzzle brake (20)
may comprise a body (22) having a top plate (24) and a
bottom plate (26), which extend from an inlet end (28)
having an inlet aperture (29) to an outlet end (30) having
an outlet aperture (31). The muzzle brake (20) may also
comprise a support hub (27) defining an inlet end (23)
and an outlet end (34), wherein the hub outlet end (34)
extends to/from the body inlet end (28). The body (22)
and support hub (27) may define a longitudinal bore (40)
which extends through the body (22) and the support hub
(27) between the support hub inlet end (23) and the body
outlet end (30), the bore (40) being centred on a longitu-
dinal axis (32). The body may further comprise a first wall
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section (100), a second wall section (200) and a third
wall section (300) which extend from the top plate (24)
to the bottom plate (26). The first wall section (100) de-
fines the body inlet aperture (29). The second wall section
(200) extends from the first wall section (100) along the
longitudinal axis (32) and extends to a first baffle (220)
which defines a bore aperture (222). Afirstchamber (210)
is defined between the body inlet aperture (29) and the
bore aperture (222). The third wall section (300) extends
from the second wall section (200) along the longitudinal
axis (32) and extends to a second baffle (320) which de-
fines the body outlet aperture (31). A second chamber
(310) is defined between the first baffle (220) and the
body outlet aperture (31). The first wall section (100), top
plate (24) and bottom plate (26) may diverge away from
the longitudinal axis (32) in the section of the first cham-
ber (210) which extends from the hub outlet (34). The
second wall section (200), top plate (24) and bottom plate
(26) may converge towards the longitudinal axis (32) and
the first baffle (220), such that the second wall section
(200), top plate (24), bottom plate (26) and first baffle
(220) define a first compression cone (224). The third
wall section (300), top plate (24) and bottom plate (26)
may converge towards the longitudinal axis (32) and the
second baffle (320) such that the third wall section (300),
top plate (24), bottom plate (26) and second baffle (320)
defines a second compression cone (324).

[0008] In the regions where the first wall section (100),
top plate (24) and bottom plate (26) diverge away from
the longitudinal axis (32), they may comprise a convex
section. In the regions where the second wall section
(200), top plate (24) and bottom plate (26) converge to-
wards the longitudinal axis (32), they may comprise a
concave section (230). In the regions where the third wall
section (300), top plate (24) and bottom plate (26) con-
verge towards the longitudinal axis (32), they may com-
prise a concave section (330).

[0009] Each of the first baffle (220) and second baffle
(320) may comprise a frustoconical section (240; 340)
angled to the longitudinal axis (32) which extends from
the respective concave section (230; 330), and a convex
section (242; 342) which curves away from the longitu-
dinal axis (32) and defines an edge (244; 344) of the
respective baffle aperture (222; 31).

[0010] The body (22) may define a pair of outlet ports
(250; 350) for each of the first chamber (210) and second
chamber (310), each pair of outlet ports (250; 350) facing
each other on opposite sides of the longitudinal axis (32);
each of the pair of outlet ports (250; 350) having a diver-
gent outlet nozzle (252; 352) defining their periphery.
[0011] The divergent outlet nozzle (252) of the pair of
first outlet ports (250) may extend a maximum distance
from the longitudinal axis (32) of at least 110% but no
more than 150% the maximum distance which the diver-
gent outlet nozzle (352) of the pair of second outlet ports
(350) extends from the longitudinal axis (32).

[0012] The flow area of each of the first outlet ports
(250) may be about 30% larger than the flow area of each
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of the second outlet ports (350).

[0013] A region of the second wall section (200) may
extend part of the way from the first baffle (220) to the
body inlet aperture (29) to form a first chamber ridge
(202), wherein the inner surface (204) of the second wall
section (200) defines a surface of the first compression
cone (224), and an outer surface (206) of the second wall
section (200) may extend in a direction away from the
longitudinal axis (32) to define part of the first port diver-
gent outlet nozzle (252).

[0014] A region of the third wall section (300) may ex-
tend part of the way from the second baffle (320) to the
first baffle (220) to form a second chamber ridge (302),
wherein the inner surface (304) of the third wall section
(300) may define a surface of the second compression
cone (324), and an outer surface (306) of the third wall
section (300) extends in a direction away from the longi-
tudinal axis (32) to define part of the second port diver-
gent exit nozzle (352).

[0015] Each of the first port divergent outlet nozzles
(252) may comprise a channel (254) which extends from
the inner surface (204) of the second wall section (200),
through the outer surface (206) of the second wall section
(200) and to an edge (208) of the first port divergent outlet
nozzle (252). Each of the second port divergent outlet
nozzles (352) may comprise a channel (354) which ex-
tends from the inner surface (304) of the third wall section
(300), through the outer surface (306) of the third wall
section (300) and to an edge (308) of the second port
divergent outlet nozzle (352). The channel (254, 354) of
each nozzle may be provided halfway between the top
plate (24) and the bottom plate (26).

[0016] The combined flow area of the first chamber
ports (250) may be at least four times the flow area of
the bore (40); and the combined flow area of the second
chamber ports (350) may be at least twice the flow area
of the bore (40).

[0017] A region of the second wall section (200) may
extend part of the way from the first baffle (220) to the
second baffle (320) to form a first protrusion (260) that
extends part of the way into the second chamber (310),
the first protrusion (260) defining a first flow guide (262)
with an inner cylindrical surface (264) centred on the lon-
gitudinal axis (32).

[0018] The body outlet aperture (31) may be defined
by a region of the third wall section (300) which extends
away from the second baffle (320) to form a second pro-
trusion (360), the second protrusion (360) defining a sec-
ond flow guide (362) with an inner cylindrical surface
(364) centred on the longitudinal axis (32).

[0019] Thefirstand second protrusions (260; 360) may
vary inlength around their diameter, having a shortlength
in sections which are in line with the direction between
the top plate (24) and bottom plate (26), and their greatest
length in sections which are in line with the direction be-
tween their respective ports (250; 350).

[0020] Atits longest, the first protrusion (260) may ex-
tend a distance from the first baffle (220) equal to at least
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30% of the diameter D of the bore (40) of the support hub
(27), and may extend at least 50%, but at most 100%,
around the bore aperture (222). Atits longest, the second
protrusion (360) may extend a distance from the second
baffle (320) of at least 10% of the diameter D of the bore
(40) of the support hub (27), and may extend at least
50%, but at most 100%, around the body outlet aperture
222,

[0021] There may also be provided an assembly com-
prising the muzzle brake (20) of the present disclosure
and a gun tube 12, wherein the first compression cone
224 has aninlet area of atleast 200% the cross-sectional
area of the gun tube 12, but no more than 350% the
cross-sectional area of the gun tube 12. The first com-
pression cone 224 may have an outlet area of at least
105% the cross-sectional area of the gun tube 12, but no
more than 150% the cross-sectional area of the gun tube
12. The second compression cone 324 may have aninlet
area of at least 200% the cross-sectional area of the gun
tube 12, but no more than 320% the cross-sectional area
of the gun tube 12. The second compression cone 324
may have an outlet area of at least 105% the cross-sec-
tional area of the gun tube 12, but no more than 140%
the cross-sectional area of the gun tube 12.

[0022] Hence there may be provided a muzzle brake
configuration which achieves a low blast overpressure
at crew positions by venting more gas forwards towards
the exitfrom the muzzle, while also reducing recoil forces.

Brief Description of the Drawings

[0023] Examples of the present disclosure will now be
described with reference to the accompanying drawings,
in which:

Figure 1 shows an assembly of a gun tube and muz-
zle brake of the present disclosure;

Figure 2 shows a side view of the muzzle brake of
the present disclosure;

Figure 3 shows a top view of the muzzle brake sec-
tioned through a horizontal central plane;

Figure 4 shows a side view of the muzzle brake sec-
tioned through a vertical central symmetry plane, as-
sembled with a gun tube;

Figure 5 shows anisometric view of the muzzle brake
sectioned through the vertical central symmetry
plane;

Figure 6 shows a first isometric view of the muzzle
brake; and

Figure 7 shows a second isometric view of the muz-
Zle brake.
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Detailed Description

[0024] By way of non limiting example, Figure 1 shows
an example of a weapon 10 to which a muzzle brake 20
of the present disclosure may be applied. The muzzle
brake 20 is provided at the exit from a gun tube (i.e. a
barrel) 12, as is well known and understood in the art,
and also illustrated in Figure 4. That is to say, the muzzle
brake 20 is configured for use on a gun tube 12 (i.e. a
barrel).

[0025] Figures 2 to 6 show different views and features
of the muzzle brake 20, a longitudinal bore 40 of which
is centred on a longitudinal axis 32 of the muzzle brake
20. Put another way, the longitudinal bore 40 extends
through the muzzle brake 20 and is centred on the lon-
gitudinal axis 32. Figure 2 shows a side view, Figure 3
shows a top view section through a horizontal central
plane through the longitudinal axis 32 and Figure 4 shows
a side view section through a vertical central symmetry
plane which extends through the longitudinal axis 32. Fig-
ure 5 shows an isometric sectional view through a vertical
central symmetry plane which extends through the lon-
gitudinal axis 32. Figure 6 shows an isometric view of the
muzzle brake 20 viewed from an inlet end 23 and Figure
7 shows an isometric view of the muzzle brake viewed
from the outlet end 30.

[0026] The muzzle brake 20 comprises a body 22 hav-
ing a top plate 24 and a bottom plate 26. The top plate
24 and a bottom plate 26 face each other on opposite
sides of the longitudinal axis 32. A supporthub 27 defines
the inlet end 23 and a support hub outlet end 34. The top
plate 24 and bottom plate 26 extend from an inlet end 28
of the body 22, of which the inlet end 28 defines an inlet
aperture 29, to an outlet end 30 of the body 22, which
defines an outlet aperture 31. The body 22 further com-
prises a first wall section 100, a second wall section 200
and a third wall section 300 which extend from the top
plate 24 to the bottom plate 26. As best shown in Figures
2, 3, at least the first wall section 100 defines the body
inlet aperture 29 (i.e. the inlet end 28). The body inlet
aperture 29 (i.e. the inlet end 28) may be defined by the
first wall section 100, top plate 24 and bottom plate 26.
[0027] The muzzle brake 20 may be integrally formed
(i.e. provided as a mono structure), and it will be appre-
ciated that the terms top plate 24, bottom plate 26, first
wall section 100, second wall section 200 and third wall
section 300 refer to different sections of this integrally
formed structure. Figures 2, 3 illustrate the different sec-
tions of the structure of the muzzle brake 20 to which
these terms refer.

[0028] The hub outlet end 34 extends from the body
inlet end 28 of the support hub 27. The body 22 and
support hub 27 define the longitudinal bore 40 which ex-
tends through the body 20 and the support hub 27 be-
tween the support hub inlet end 23 and the body outlet
end 30. The section of the bore 40 defined by the support
hub 27 may have a constant diameter along the length
of the support hub 27. However, the section of the bore
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40 defined by the body 22 may vary in width and cross-
sectional shape and area along its length, as will be de-
scribed below, and as is evident from the figures.
[0029] The bore 40 of the support hub 27 may be sub-
stantially equal to the external diameter of the gun tube
12, for example so the gun tube 12 can fitinto the support
hub 27 as shown, by way of non limiting example, in
Figure 4. Hence the calibre "C" (i.e. internal diameter) of
the bore of the gun tube 12 may be less than the diameter
D of the bore 40 of the support hub 27.

[0030] In alternative examples, the diameter D of the
bore 40 of the support hub 27 may be substantially equal
to the calibre C (i.e. internal diameter) of the gun tube
12, with the bore of the gun tube 12 being aligned with
the bore 40 of the support hub 27.

[0031] The first wall section 100 defines the body inlet
aperture 29.
[0032] The second wall section 200 extends from the

first wall section 100 along the longitudinal axis 32, away
from the support hub 27, and extends to a first baffle 220
which defines a bore aperture 222. A first chamber 210
is defined between the body inlet aperture 29 and the
bore aperture 222.

[0033] The third wall section extends from the second
wall section 200 in the direction of the longitudinal axis
32 and extends to a second baffle 320 which defines the
body outlet aperture 31. Asecond chamber 310 is defined
between the first baffle 220 and the body outlet aperture
31. That is to say, the second chamber 310 is defined
between the first baffle 220 and the second baffle 320.
Hence the bore 40 in the body 22 is defined, in series,
by the body inlet aperture 29, the first chamber 210, the
bore aperture 222, the second chamber 310 and the body
outlet aperture 31.

[0034] It will be appreciated that the baffles 220, 320
may be integrally formed with the body 22 and hence the
wall sections from which they extend. However they are
described as separate features, even though they may
be part of the same component, in order to distinguish
the features of the geometry of the body 22.

[0035] The first wall section 100, top plate 24 and bot-
tom plate 26 may diverge away from the longitudinal axis
32 in the section of the first chamber 210 which extends
from the hub outlet 34 and body inlet 28. Conversely the
second wall section 200, top plate 24 and bottom plate
26 may converge towards the longitudinal axis 32 and
the first baffle 220, such that the second wall section 200,
top plate 24, bottom plate 26 and first baffle 220 define
a first compression cone 224. The region corresponding
to the first compression cone 224 is indicated with a dot-
ted trapezium in Figure 3, and features of the compres-
sion cone 224 will be described in more detail below. The
third wall section 300, top plate 24 and bottom plate 26
converge towards the longitudinal axis 32 and the second
baffle 320 to define a second compression cone 324, the
location of which is indicated with a dotted trapezium in
Figure 3.

[0036] In the regions where the first wall section 100,
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top plate 24 and bottom plate 26 diverge away from the
longitudinal axis 32, they may comprise (i.e. may be de-
fined by) a convex section (i.e. surface) which curves
away from the longitudinal axis 32.

[0037] In the regions where the second wall section
200, top plate 24 and bottom plate 26 converge towards
the longitudinal axis 32, they may comprise (i.e. may be
defined by) a concave section (i.e. profile) 230 which
curves towards the longitudinal axis 32 and extends to
the first baffle 220. Likewise in the regions where the third
wall section 300, top plate 24 and bottom plate 26 con-
verge towards the longitudinal axis 32, they comprise
(i.e. may be defined by) a concave section (i.e. profile)
330 which curves towards the longitudinal axis 32 and
extends to the second baffle 320.

[0038] That is to say, the wall sections 200, 300 and
top plate 24 and bottom plate 26 may comprise a curved
region and/or profile in sections where their surfaces turn
and extend towards the baffle plates 220, 320.

[0039] Thusthe geometry ofthe wall sections 100, 200,
300, top plate 24 and bottom plate 26 may comprise (i.e.
may be defined by) curved profiles configured to reflect
shockwaves to varying degrees along their surface
length in the direction of the longitudinal axis 32. The
geometry of the wall sections 100, 200, 300, top plate 24
and bottom plate 26 may comprise only, or predominant-
ly, curved surfaces (i.e. having no flat/straight regions).
[0040] Each of the first baffle 220 and second baffle
320 may comprise a frustoconical section 240, 340 an-
gled to the longitudinal axis 32 which extends from the
respective concave section 230, 330, and a convex sec-
tion 242, 342 which curves away from the longitudinal
axis and defines an edge 244, 344 of the respective baffle
aperture 222, 31. Put another way, the first baffle 220
and second baffle 320 may each comprise afrustoconical
section 240, 340 which may be angled to the longitudinal
axis 32 and comprise a zero curvature region and/or a
curved surface region, which extends to a convex surface
242, 342 which provides a transition to a section parallel
to the longitudinal axis 32 in their respective apertures
222, 31.

[0041] The body 22 defines a pair of outlet ports 250,
350 for each of the first chamber 210 and second cham-
ber 310, each pair of outlet ports 250, 350 facing each
other on opposite sides of the longitudinal axis 32. Each
of the pair of ports 250, 350 have the same effective flow
area. That is to say each of the pair of first chamber 210
outlet ports 250 have the same effective flow area as
each other, and each of the pair of second chamber 310
outlet ports 350 have the same effective flow area as one
another. However, the effective flow area of the first
chamber 210 outlet ports 250 may be substantially larger
than the effective flow area of the outlet ports 350 of the
second chamber 310.

[0042] The first ports 250 are larger (i.e. have a larger
effective flow area) than the second ports 350 as, in op-
eration, there is a greater mass flow of gas which passes
into the first chamber 210 compared to the second cham-
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ber 310, as in operation some of the flow of gas will es-
cape through the first ports 250 before passing into the
second chamber 310.

[0043] The effective flow area of each of the first cham-
ber outlet ports 250 may be at least 20% larger than the
effective flow area of the second chamber outlet ports
350, but no more than about 60% larger than the flow
area of the second chamber outlet ports 350. The effec-
tive flow area of each of the first chamber outlet ports
250 may be about 30% larger than the flow area of each
of the second chamber outlet ports 350.

[0044] The combined flow area of the first chamber
outlet ports 250 may be at least four times greater than
the flow area of the section of the bore 40 defined by the
support hub 27. Alternatively the combined flow area of
the first chamber outlet ports 250 may be at least five
times greater than the flow area of the section of the bore
40 defined by the support hub 27. The combined flow
area of the second chamber outlet ports 350 may be at
least twice the flow area of the section of the bore 40
defined by the supporthub 27. Alternatively the combined
flow area of the second chamber outlet ports 350 may
be at least three, but no more than 3.5, times greater
than the flow area of the section of the bore 40 defined
by the support hub 27.

[0045] Each of the pair of outlet ports 250, 350 may
have a divergent outlet nozzle 252, 352 defining their
periphery. The divergent outlet nozzles 252, 352 are
symmetrical about a centre line which is parallel to the
longitudinal axis 32. Each of the divergent outlet nozzles
252 of the first chamber 210 may comprise a flared skirt
253 which define their periphery.

[0046] The divergent outlet nozzles 252, 352 are
shaped to direct flow to the side and forwards (i.e. in a
direction of travel of a projectile through the gun tube 12,
towards the exit end of the muzzle brake 20).

[0047] The divergent outlet nozzle 252 of each of the
pair of first outlet ports 250 may extend a maximum dis-
tance from the longitudinal axis 32 of at least 110% but
no more than 150% the maximum distance which the
divergent outlet nozzle 352 of each of the pair of second
outlet ports 350 extends from the longitudinal axis 32.
The divergent outlet nozzle 252 of each of the pair of first
outlet ports 250 may extend about 125% of the distance
from the longitudinal axis 32 more than the divergent out-
let nozzle 352 of each of the pair of second outlet ports
350 extends from the longitudinal axis 32.

[0048] Corresponding to each of the first port divergent
outlet nozzles 252, a region of the second wall section
200 extends part of the way from the first baffle 220 to-
wards the body inlet aperture 29 to form a first chamber
ridge (i.e. fin) 202. Each of the first chamber ridges 202
extend between the top plate 24 and bottom plate 26.
The inner surface 204 of the second wall section 200
defines a surface of the first compression cone 224, and
an outer surface 206 of the second wall section 200 ex-
tends in a direction away from the longitudinal axis 32 to
define part of one of the first port divergent outlet nozzles
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252. Hence, for each first port divergent outlet nozzle
252, there is a ridge/fin 202 and corresponding surfaces
204, 206 which are a mirror image of the ridge/fin 202
and corresponding surfaces 204, 206 on the opposite
side of the longitudinal axis 32.

[0049] Each outer surface 206 extends from the edge
of the first port outlet nozzle 252. Each outer surface 206
defines a concave curve such that the surface extends
from the edge of its respective first port nozzle 252 to-
wards the body inlet aperture 29. Each outer surface 206
transitions into its respective first chamber ridge 202,
which defines a convex curve and transitions into its re-
spective inner surface 204. Each inner surface 204 de-
fines a concave curve which extends towards the first
baffle 220.

[0050] Hence the surface of the body 22 between the
edges of the first port outlet nozzle 252 on either side of
the longitudinal axis 32, may comprise only curved re-
gions (i.e. no flat surfaces). The regions may transition
from one to the other between the edge of each first port
outlet nozzle 252 to the first baffle 220 to define, in series,
a concave outer surface 206, a convex ridge 202 and a
concave inner surface 204, each of which may have a
change in rate of change of curvature along their length.
[0051] Likewise, corresponding to each of the second
port divergent outlet nozzles 352 a region of the third wall
section 300 extends part of the way from the second baf-
fle 320 towards the first baffle 220 to form a second cham-
berridge (i.e. fin) 302. Each of the second chamberridges
302 extend between the top plate 24 and bottom plate
26. The inner surface 304 of the third wall section 300
defines a surface of the second compression cone 324,
and an outer surface 306 of the third wall section 300
extends in a direction away from the longitudinal axis 32
to define part of one of the second port divergent exit
nozzle 352.

[0052] Each outer surface 306 extends from the edge
of the second port outlet nozzle 352. Each outer surface
306 defines a concave curve such that the surface ex-
tends from the edge of its respective the second port
outlet nozzle 352 towards the bore aperture 222. Each
outer surface 306 transitions into its respective second
chamber ridge 302, which defines a convex curve and
transitions into its respective inner surface 304. Each in-
ner surface 304 defines a concave curve which extends
towards the second baffle 320.

[0053] Hence the surface of the body 22 between the
edges of the second port outlet nozzle 352 on either side
of the longitudinal axis 32 may comprise only curved re-
gions (i.e. no flat surfaces). The regions transition from
one to the other between the edge of each second port
outlet nozzle 352 to the second baffle 320 to define, in
series, a concave outer surface 306, a convex ridge 302
and a concave inner surface 304, each of which may
have a change in rate of change of curvature along their
length.

[0054] The first compression cone 224 has an inlet ar-
ea defined by the ridges 202, the top plate 24 and bottom
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plate 26. The second compression cone 324 has aninlet
area defined by the ridges 302, the top plate 24 and bot-
tom plate 26.

[0055] The first compression cone 224 has an outlet
area defined by the first baffle plate 220 aperture 222.
The second compression cone 324 has an outlet area
defined by the second baffle plate 320 aperture 31.
[0056] Inanassembly comprising the muzzle brake 20
and a gun tube 12, the first compression cone 224 may
have an inlet area of at least twice the cross-sectional
area of the bore of the gun tube 12, but no more than 3.5
times the cross-sectional area of the bore of the gun tube
12. The first compression cone 224 may have an inlet
area of about 3.1 times the cross-sectional area of the
bore of the gun tube 12.

[0057] Inanassembly comprising the muzzle brake 20
and a gun tube 12, the first compression cone 224 may
have an outlet area of at least 1.05 times of the cross-
sectional area of the bore of the gun tube 12, but no more
than 1.5 times the cross-sectional area of the bore of the
gun tube 12. The first compression cone 224 may have
an outlet area of about 1.25 times the cross-sectional
area of the bore of the gun tube 12.

[0058] Inanassembly comprising the muzzle brake 20
and a gun tube 12, the second compression cone 324
may have an inlet area of at least twice the cross-sec-
tional area of the bore of the gun tube 12, but no more
than 3.2 times the cross-sectional area of the bore of the
gun tube 12. The second compression cone 324 may
have an inlet area of about 2.8 times the cross-sectional
area of the bore of the gun tube 12.

[0059] Inanassembly comprising the muzzle brake 20
and a gun tube 12, the second compression cone 324
may have an outlet area of at least 1.05 times the cross-
sectional area of the bore of the gun tube 12, but no more
than 1.4 times the cross-sectional area of the bore of the
gun tube 12. The second compression cone 224 may
have an outlet area of about 1.2 times the cross-sectional
area of the bore of the gun tube 12.

[0060] The geometry of the surfaces of the body 22
are thus configured such that the first compression cone
224 has a greater volumetric capacity (i.e. define a great-
er volume) than the second compression cone 324. That
is to say, the features of the second wall section 200 that
extend away from the first baffle 220 to create an inlet
guide surface 204 of the first compression cone 224, and
the region of the third wall section 300 that extends from
the second baffle 320 to form an inlet guide surface 304
of the second compression cone 324, and the top plate
24 and bottom plate 26, and baffles 220, 320 define com-
pression cones with different volumes within the first
chamber 210 and second chamber 310, and the volume
of the first compression cone 224 is greater than the vol-
ume of the second compression cone 324.

[0061] The regions of the second wall section 200 and
the third wall section 300 which define their respective
compression cones 224, 324 are defined with a contin-
uously curved surface. That is to say, the regions of the
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second wall section 200 and the third wall section 300
which define their respective compression cones 224,
324 do not have any flat/straight/non curved regions.
[0062] The first ports 250 have a length L1. As shown
in Figure 3, the length L1 is the distance measured from
the inlet aperture 29 of the body 22, from which the first
port 250 extends, to the opposite side of the port 250
defined by the ridge 202, the distance L1 being measured
halfway between the top plate 24 and bottom plate 26,
and parallel to the longitudinal axis 32.

[0063] Inanassembly comprising the muzzle brake 20
and a gun tube 12 having a calibre C, the first port length
L1 may be at least 100% of the calibre C of the barrel
12, but less than 225% of the calibre C of the barrel 12.
The first portlength L1 may be about 175% of the calibre
C of the barrel 12.

[0064] The second ports 350 have a length L2A. As
shown in Figure 3, the length L2A is the distance meas-
ured from the back/exit of the first baffle 220, to the op-
posite side of the port 350 defined by the ridge 302, the
distance L2A being measured halfway between the top
plate 24 and bottom plate 26, and parallel to the longitu-
dinal axis 32.

[0065] Inanassembly comprising the muzzle brake 20
and a gun tube 12 having a calibre C, the full length 2A
of the second port 350, may be at least the same length
as the calibre C of the barrel 12, but less than 160% of
the calibre C of the barrel 12. The full length 2A of the
second port 350 may be about 135% of the calibre C of
the barrel 12.

[0066] The second ports 350 may also be defined as
having a length L2B. As shown in Figure 3, the length
L2B is the distance measured from the end/exit of the
first protrusion 260 (flash suppressor), to the opposite
side of the port 350 defined by the ridge 302, the distance
L2B being measured halfway between the top plate 24
and bottom plate 26, and parallel to the longitudinal axis
32.

[0067] Inanassembly comprising the muzzle brake 20
and a gun tube 12 having a calibre C, the second port
350 length L2B may be at least 75% of the calibre C of
the barrel 12, but less than 150% of the calibre C of the
barrel 12. The second port 350 length L2B may be about
the same length as the calibre C of the barrel 12.
[0068] Each of the first port divergent outlet nozzles
252 comprises a channel 254 which extends from the
inner surface 204 of the ridge 202 of the second wall
section 200, through the outer surface 206 of the ridge
202 of the second wall section, and to an edge 208 of
the first port divergent nozzle 252. Likewise each of the
second port divergent outlet nozzles 352 comprises a
channel 354 which extends from the inner surface 304
of the ridge 302 of the third wall section 300, through the
outer surface 306 of the ridge 302 of the third wall section
300 and to an edge 308 of the second port divergent
outlet nozzle 352. Hence the channel 254 of the first port
divergent outlet nozzle 252 extends through the flared
skirt region 253 of the divergent outlet nozzle 252.
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[0069] Thechannel 254,354 of each nozzleis provided
halfway between the top plate 24 and the bottom plate
26. The first chamber channel 254 is hence formed in
the same wall/ridge 202 which extends towards the first
baffle 220 and provides a flow route from the first com-
pression cone 220 to the outside of the body 22. Likewise
the second channel 354 of the second port divergent out-
let nozzle 352 extends from the ridge/wall 302 which de-
fines the second compression cone 324 to define a flow
route from the second compression cone 324 to the out-
side of the body 22.

[0070] A region of the second wall section 200 may
extend part of the way from the first baffle 220 to the
second baffle 320 to form a first protrusion 260 that ex-
tends part of the way into the second chamber 310. The
first protrusion 260 defines a first flow guide 262 with an
inner cylindrical surface 264 centred on the longitudinal
axis 32.

[0071] The body outlet aperture 31 may be defined by
a region of the third wall section 300 which extends from
the second baffle 320 to form a second protrusion 360,
the second protrusion 360 defining a second flow guide
362 with an inner cylindrical surface 364 centred on the
longitudinal axis 32.

[0072] The first protrusion 260 and second protrusion
360 may vary in length around their diameter. That is to
say, around their respective diameters, the first protru-
sion 260 and the second protrusion 360 may extend by
differentamounts fromtheir base. Hence in some regions
the they each may be defined by a wall with a first length,
andin otherregions defined by a wall with alength greater
than the first length. The regions in which they have a
shorter length (i.e. extend a smaller distance) may be
sections which are in line with the direction between the
top plate 24 and bottom plate 26, and they may have the
greatest length in sections which are in line with the di-
rection between their respective ports 250, 350. That is
to say, the regions having the greatest length (which ex-
tend furthest from their base) face the ports 250, 350 and
the regions which extend to a lesser extent from their
base may face the top plate 24 and bottom plate 26.
[0073] At its longest, the first protrusion 260 may ex-
tend a distance from the first baffle 220 equal to at least
30% of the diameter D of the bore 40 of the support hub
27, and may extend at least 50%, but at most 100%,
around the bore aperture 222. At its longest, the second
protrusion 360 may extend a distance from the second
baffle 320 of at least 10% of the diameter D of the bore
40 of the support hub 27, and may extend at least 50%,
but at most 100%, around the body outlet aperture 222.
[0074] Hence the protrusions 260, 360 may in height
around their respective circumferences, having heights
in two opposed regions greater than in the other two re-
gions. That s to say the regions of greatest/lowest height
are opposite one another across the longitudinal axis 32.
[0075] In an alternative example, the protrusions 260,
360 may have a constant height around their respective
circumferences.
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[0076] In operation, for example when a projectile is
fired from the gun tube 12, the projectile will pass through
and exit the muzzle brake 20. After the projectile has left
the muzzle brake 20, gas will flow into the first chamber
210. A proportion of the gas will flow through the first
ports 250 in a direction defined by the divergent outlet
nozzle 252. The remainder of the gas is compressed as
it flows into the first compression cone 224. The flow rate
into the first compression cone 224 may be larger than
can pass through the bore aperture 222 of the first baffle
220, and thus the flow may become choked. However,
the first chamber channels 254 provide a flow route from
the first compression cone 220 to the outside of the body
22 to prevent choking, or at least reduce the period during
which choking occurs.

[0077] The first protrusion 260 also helps to establish
flow from the first chamber 210 into the second chamber
310 during a choked condition. Further flow will exit via
the second ports 350 in the second chamber 310. The
remainder of the gas is compressed as it flows into the
second compression cone 324. The flow rate into the
second compression cone 324 may be larger than can
pass through the outlet aperture 31 the second baffle
320, and thus may become choked. However, the second
chamber channel 354 provides a flow route from the sec-
ond compression cone 320 to the outside of the body 22
to prevent choking, or at least reduce the period during
which choking occurs.

[0078] The divergent outlet nozzles 252, 325 guide air
flow forwards (i.e. at an angle to the perpendicular axis
32, in a direction towards the muzzle brake outlet 31) so
as to not induce a net force at an angle to the longitudinal
axis 32.

[0079] Hence there is provided a two baffle muzzle
brake design which is operable to produce a blast over-
pressure about 20% lower than examples of the related
art, whilst having the same efficiency or better recoil ef-
ficiency.

[0080] The use of two baffles is beneficial in terms of
noise, efficiency and weight. Using one baffle may be
25-30% less efficient than using two, whereas adding a
third baffle or more adds considerable extra weight (along
with length and cost/difficulty of manufacture) but only
increases efficiency by a few percent.

[0081] The main efficiency is derived from the com-
pression cones 224, 324. About 90% of the efficiency of
the muzzle brake of the present disclosure is derived
from recompressing the gas and ejecting it forwards rath-
er than redirecting it sideways. This helps to achieve a
lower blast overpressure at the crew positions (i.e. at the
opposite end of the gun tube 12 from the muzzle exit 30)
by venting more gas forwards.

[0082] The protrusions 260 on the back of the first baf-
fle 220 reduce interference between the flow from the
first ports 250 and second ports 350 reducing blast over-
pressure directed at the crew (i.e. towards the opposite
end of the gun tube 12 from the muzzle exit 31).

[0083] The protrusions 360 on the back of the second
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baffle 320 stop the outlet aperture 31 from being uniform.
This helps to break up the downstream flow thereby re-
ducing the duration of the blast overpressure.

[0084] The size and shape of the ports 250, 350 of the
apparatus of the present disclosure are beneficial be-
cause they minimise exhaust pressure. This reduces the
blast overpressure and increases efficiency by reducing
the choking effect that smaller ports can have on the flow.
The choking effect reduces efficiency by creating a back-
pressure on the forward facing surfaces of the brake (i.e.
the surfaces facing towards the body outlet end 30).
[0085] In examples in which the geometry of the inter-
nal surface of the body 22 (for example the baffles 210,
310 and the lead in to the baffles (the cones 224, 324))
comprise only, or mainly, curved surfaces which merge
from one curvature to another, are also advantageous
as a surface with changing curvatures reduce the size of
areas which can uniformly redirect or reflect gas
flows/shockwaves, thereby greatly reducing reflections
back towards the crew position. They also greatly reduce
shock loading of the rest of the structure (up to less than
half of some examples of the related art). They also break
up flow from the side ports 250, 350 helping to reduce
the duration of the blast overpressure, which helps to
reduce the damage caused by the blast overpressure.
[0086] The geometry (i.e. changing curved surfaces)
of the baffles 210, 310 and the lead in to the baffles (the
cones 224, 324) are also advantageous as they minimise
erosion of the muzzle brake surface by minimising the
angle at which the gas flow can strike a surface. Erosion
may be caused by propellant gas driving the projectile
through the gun tube 12 and/or the particulates contained
in the gas.

[0087] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and
the contents of all such papers and documents are in-
corporated herein by reference.

[0088] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.

[0089] Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.

[0090] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
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process so disclosed.

Claims

A muzzle brake (20) for a gun tube (12), the muzzle
brake (20) comprising :

abody (22) having a top plate (24) and a bottom
plate (26), which extend from an inlet end (28)
having an inlet aperture (29) to an outlet end
(30) having an outlet aperture (31);

a support hub (27) defining an inlet end (23) and
an outlet end (34), wherein the hub outlet end
(34) extends to/from the body inlet end (28); and
the body (22) and support hub (27) define a lon-
gitudinal bore (40) which extends through the
body (22) and the support hub (27) between the
support hub inlet end (23) and the body outlet
end (30), the bore (40) being centred on a lon-
gitudinal axis (32);

the body further comprises a first wall section
(100), a second wall section (200) and a third
wall section (300) which extend from the top
plate (24) to the bottom plate (26); wherein

the first wall section (100) defines the body inlet
aperture (29); and

the second wall section (200) extends from the
firstwall section (100) along the longitudinal axis
(32) and extends to a first baffle (220) which de-
fines a bore aperture (222), afirstchamber (210)
being defined between the body inlet aperture
(29) and the bore aperture (222); and

the third wall section (300) extends from the sec-
ond wall section (200) along the longitudinal axis
(32) and extends to a second baffle (320) which
defines the body outlet aperture (31), a second
chamber (310) being defined between the first
baffle (220) and the body outlet aperture (31);

the firstwall section (100), top plate (24) and
bottom plate (26) diverge away from the lon-
gitudinal axis (32) in the section of the first
chamber (210) which extends from the hub
outlet (34);

the second wall section (200), top plate (24)
and bottom plate (26) converge towards the
longitudinal axis (32) and the first baffle
(220), such that the second wall section
(200), top plate (24), bottom plate (26) and
first baffle (220) define a first compression
cone (224);

the third wall section (300), top plate (24)
and bottom plate (26) converge towards the
longitudinal axis (32) and the second baffle
(320) such that the third wall section (300),
top plate (24), bottom plate (26) and second
baffle (320) define a second compression
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cone (324).

A muzzle brake (20) as claimed in claim 1 wherein
in the regions where the first wall section (100), top
plate (24) and bottom plate (26) diverge away from
the longitudinal axis (32), they comprise a convex
section;

in the regions where the second wall section (200),
top plate (24) and bottom plate (26) converge to-
wards the longitudinal axis (32), they comprise a con-
cave section (230); and

in the regions where the third wall section (300), top
plate (24) and bottom plate (26) converge towards
the longitudinal axis (32), they comprise a concave
section (330).

A muzzle brake (20) as claimed in claim 2 wherein
each of the first baffle (220) and second baffle (320)
comprises a frustoconical section (240; 340) angled
to the longitudinal axis (32) which extends from the
respective concave section (230; 330), and a convex
section (242; 342) which curves away from the lon-
gitudinal axis (32) and defines an edge (244; 344)
of the respective baffle aperture (222; 31).

A muzzle brake (20) as claimed in any one of the
preceding claims wherein

the body (22) defines a pair of outlet ports (250; 350)
for each of the first chamber (210) and second cham-
ber (310), each pair of outlet ports (250; 350) facing
each other on opposite sides of the longitudinal axis
(32);

each of the pair of outlet ports (250; 350) having a
divergent outlet nozzle (252; 352) defining their pe-

riphery.

A muzzle brake (20) as claimed in claim 4 wherein
the divergent outlet nozzle (252) of the pair of first
outlet ports (250) extends a maximum distance from
the longitudinal axis (32) of at least 110% but no
more than 150% the maximum distance which the
divergent outlet nozzle (352) of the pair of second
outlet ports (350) extends from the longitudinal axis
(32).

A muzzle brake (20) as claimed in any one of claims
4, 5 wherein the flow area of each of the first outlet
ports (250) is about 30% larger than the flow area of
each of the second outlet ports (350).

A muzzle brake (20) as claimed in any one of claims
4 to 6 wherein

a region of the second wall section (200) extends
part of the way from the first baffle (220) to the body
inletaperture (29) to form a first chamber ridge (202),
wherein the inner surface (204) of the second wall
section (200) defines a surface of the first compres-
sion cone (224), and an outer surface (206) of the
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second wall section (200) extends in a direction away
from the longitudinal axis (32) to define part of the
first port divergent outlet nozzle (252).

A muzzle brake (20) as claimed in any one of claims
4 to 7 wherein

a region of the third wall section (300) extends part
of the way from the second baffle(320) to the first
baffle (220) to form a second chamber ridge (302),
wherein the inner surface (304) of the third wall sec-
tion (300) defines a surface of the second compres-
sion cone (324), and an outer surface (306) of the
third wall section (300) extends in a direction away
from the longitudinal axis (32) to define part of the
second port divergent exit nozzle (352).

A muzzle brake (20) as claimed in claim 8 wherein
each of the first port divergent outlet nozzles (252)
comprises a channel (254) which extends from the
inner surface (204) of the second wall section (200),
through the outer surface (206) of the second wall
section (200) and to an edge (208) of the first port
divergent outlet nozzle (252);

each of the second port divergent outlet nozzles
(352) comprises a channel (354) which extends from
the inner surface (304) of the third wall section (300),
through the outer surface (306) of the third wall sec-
tion (300) and to an edge (308) of the second port
divergent outlet nozzle (352);

the channel (254, 354) of each nozzle being provided
halfway between the top plate (24) and the bottom
plate (26).

A muzzle brake (20) as claimed in any one of claims
4 to 9 wherein the combined flow area of the first
chamber ports (250) is at least four times the flow
area of the bore (40); and

the combined flow area of the second chamber ports
(350) is at least twice the flow area of the bore (40).

A muzzle brake (20) as claimed in any one of the
preceding claims wherein a region of the second wall
section (200) extends part of the way from the first
baffle (220) to the second baffle (320) to form a first
protrusion (260) that extends part of the way into the
second chamber (310), the first protrusion (260) de-
fining a first flow guide (262) with an inner cylindrical
surface (264) centred on the longitudinal axis (32).

A muzzle brake (20) as claimed in any one of the
preceding claims wherein

the body outlet aperture (31) is defined by a region
of the third wall section (300) which extends away
from the second baffle (320) to form a second pro-
trusion (360), the second protrusion (360) defining
a second flow guide (362) with an inner cylindrical
surface (364) centred on the longitudinal axis (32).
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13. A muzzle brake (20) as claimed in any one of claims

11, 12 wherein

the first and second protrusions (260; 360) vary in
length around their diameter, having a short length
in sections which are in line with the direction be-
tween the top plate (24) and bottom plate (26), and
their greatest length in sections which are in line with
the direction between their respective ports (250;
350).

14. A muzzle brake (20) as claimed in any one of claims

11 to 12 wherein

at its longest, the first protrusion (260) extends a dis-
tance from the first baffle (220) equal to at least 30%
of the diameter D of the bore (40) of the support hub
(27),and may extend atleast 50%, butat most 100%,
around the bore aperture (222); and

at its longest, the second protrusion (360) extends
a distance from the second baffle (320) of at least
10% of the diameter D of the bore (40) of the support
hub (27), and extends at least 50%, but at most
100%, around the body outlet aperture 222.

15. An assembly comprising the muzzle brake (20) as

claimed in any one of claims 1 to 14 and a gun tube
(12), wherein

the first compression cone (224) has an inlet area of
at least 200% the cross-sectional area of the gun
tube (12), butno more than 350% the cross-sectional
area of the gun tube (12);

the first compression cone (224) has an outlet area
of at least 105% the cross-sectional area of the gun
tube (12), butno more than 150% the cross-sectional
area of the gun tube (12);

the second compression cone (324) has aninletarea
of at least 200% the cross-sectional area of the gun
tube (12), butno more than 320% the cross-sectional
area of the gun tube (12); and

the second compression cone (324) has an outlet
area of at least 105% the cross-sectional area of the
gun tube (120), but no more than 140% the cross-
sectional area of the gun tube (12).
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