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' ABSTRACT

A criteria for the usefulness of a muzzle brake on any equipment-ié
discussed and applied to existing weapons. Efficiencies of the
existing muzzle brakes are also calculated. Design considerations for
a muzzle brake are summarized. ’

Introduction |

A muzzle brake is a fitting at the muzzle end which deflects a part of the
gases which emerge from the muzzle after shot ejection to the side or rear thus
reducing the backward momentum of the recoiling mass. This advantage is often
utilized when ‘upgunning’ an existing vehicle using the existing recoil system
with minor modifications or to reduce the recoil energy or when making use of
a buffer of smaller capacity thus saving space etc. It is therefore, necessary
to know if a muzzle brake can effectively be used on any equipnent, and to
design one with optimum efficiency. :

Usefulness of a Muzzle brake

Fig.1 shows roughly the
effect of a muzzle brake on the
velocity and distance of recoil
and is self-explanatory. Curve
(@) shows variation of velocity
of free recoil .e. without any
retarding force to destroy mo-
mentum of the recoiling mass.
Curve (b) shows the variation
of wvelocity under & constant
retarding force provided by
buffer and recuperator. Curve
(c) shows the final relationship
between distance of recoil & the
velocity of recoil for a gun with
out a muzzle brake.
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In the case of an ideal muzzle brake in which all the gases are deflected
through 180°, the effect of the gases during stage I (indicated in the figure) will
provide forward momentum thus giving the curye (d). Tt-is.therefore evident
that the greater the momentum supplied to the gun after shot ejection when
there is no muzzle brake, the greater the braking momentum that can be re-
versed by a given brake. Therefore, the effectiveness of a muzzle brake on any
equipment depends upon the ratio :— T

Momentum imparted after shot ejection
Total momentum imparted

which'is given by the expression : -

LMV MV Ve
T o Ueh e L

where V, = velocity of free recoil at the end of gas action
..+ Vg = velocity of free recoil upto shot ‘ejection :

~and M = Recoiling mass. o . _ v
If a gun is allowed to recoil freely in'a horizontal plane, then from ‘consér:

vation of momentums: - ‘ B R
MV —my— 6v=0 . oo ool (la)

where m and ¢ are the masses of the shot and charge ‘respectively and v the

mean velocity of the propellant gases. R o .
The problem of the motion of the propellant gases is éxcéedirigly compli-

cated but as a first approximation and one whichis found to give ‘good results

in practice, the gas is assumed to be distributed uniformly throughout the

available space, hence , o ,

=RV o
and theref_oi'e from (la), V= (H)v s v 1)

. The assumptior/i,, that the ; g;:v,ési?‘a:re unif(;rrply distributed 1sva,11d oﬁly_
whilst they are cefifined in.the gun, Thus the equation (1b) applies upto shot
ejection and therefore : S e B

2 N Y
Vs—. m)Vg.. Jb‘».”. e . B ..44’ (].C)
If v, is the velocity of the shot at theinstant when the propellant gases’
cease to act, the relationship between 'V, and v, which has been investigated
experimentally ‘Ginbe expressed hy the formula :- : : '

where k is number known as Krupps Constant and ﬁhéoretigally equalto D
L, 135 pVRT, C T T
% + B o]
R v, R .
(tas pressure at breech _ (:1 + o/6 m)

where g3 =
Mean gas pressure
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and RT, =RT,'—0-26 v (_% R 2

the propellant and T, is the mean temp

T, being the adiabatic flamé temperattire which'is a known ‘constant of

the shot . leaves the muzzle.

- - Assuming -that v, is approximately equal to v,
ments, the criteria.of the effectiveness of a miuzzle b

(k_%,)/(%grk)' -

Table No. 1'shows this ratio for various equipments

erature of the gasin the: gun when

which is true for all equip-
rake .becomes the ratio :

in‘service use.

TABLE 1
‘ o o Percentage
Mass Mass of Ratio Krupps | momentum:
Serial Equipment of Charge m/o constant added
No. shot © (€) lbs. k by gas
. (m)Ths. L - action
o (k-4)/(m +k)
c
1]6pdr7cwt .. 63 2-34 2-7 -~ 1-89 30-5
-2°| ¥7 pdr MK 1 on- “17-0. -8-125 2.1 ‘1:789 33-0
Carriage. o L B E S
* 3 | 95 mm Tank .. 25 HE 88 31-0@ 3-74 9-3
4| 75 mm Tank .. -15-0 C2-0 s 7-5 2-0 15-8
5| 25 pdr MK 5 on 25-0 2:84 8-8 2:58 17.5
carriage. ’ B - ' . ) .
6 | 3:-7” How 200 | - 088 | 22.7@ 3-60 11-8
7| BL.5'5" 97-5 9-125-f 10-7 - 2-73 16-4
8 | B.L.7-2" 200-0 25-0 8-0 2:22 16-6 .
9 | 40mm A/A 2-0 -0-63 3-2 ©1-80 '26+0.

From the above ta

@ These figures are rather high,

ble it may be observed that:

() ‘A muzzle brake maybe usefully employed with equipment 6 pdr
7 c%t and 17 pdr guns only. For 40 mm A/A, the recoil system is
‘already fairly light and the advantage gained by putting a muzzle
brake may not be appreciablé. Also a certain minimum recoil, as‘dt

_ present,is necessary forits automatic action, - .
(¢¢) The higher the value of the ratio m/ec (Projectile to gharge weight
ratio), the lésser the momentum that a muzzle ‘brake can reverse.

* The equation is based on conservation of energyi.e.

c ( -%T;':II;TO ) =4 Va2 (8/Tm + ¢f3)

. taking all losses.in friction, r:ecoil,kheat etc. as 14 9, of the muzzle
energy. Assuming the ratio of specific heats (§) equal to'1+26, the -
~ above reduces to - , ‘

RT, = "0 M- — " ) '
o =RT,’—0 26v31(__,6 T c) .
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Efficiency of a muzzle brake

: ‘Momentum Index’(B) of a brake is defined as the ratio of the forward mo-
mentum supplied by the brake to the after effect i.e.

After - effect momentum
‘without brake -

\

It is therefore obvious that B=O when there is no muzzle brake, B=1
when the muzzle brake momentum just balances the after effect momentum
and B>1 when the brake supplies a resultant forward momentum.

gun by gases after shot ej-

momentum imparted to the
= (1—B) %
ection with brake

From the definition of Momentum Index and the criteria of usefulness of
a bfake, it can be shown : thab :

Percentage reduction of momentum = k—HB X 100 .. (2) A

, 0
"The gross efficiency (G) of a.muzzle ‘brake is defined as the “Pércenté.gé
reduction in energy absorbed in the recoil system as a consequence of fitting the

brake and " intrinsic efficiency (e) is obtained by correctmg the gross efficiency
for the effect of the mass of the muzzle ‘brake and is glven by:

MI
. G——lOO(‘ M)

whl'ch is very nearly 51 G where M’ and M are the masses of the recoiling system

with and W1thout the muzzle brake

Percenta.ge reductlon of energy= G = 100[ 1— (__Vél 2 ] e (3)

‘ 4
- where V," and V4 are the velocities of recoﬂmg mass with and without the
, muzzle brake.

~ From (2) and (3) it can be shown that gross eﬂicwncy is gwen by
_.-22 52' el e @

where E |
a8
-+ Taking .a valie:6f m/c = B and k = 2- 5 (values commonly met with
- in conventional guns):
G =0-53B— ()71B2 » ce .. - .. 6))
which is modified to get intrinsic eﬂimench e ‘

-
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From equation (5) it is obvious that for the ratiom/c = 5 and k=25;a
‘maximum value of @ = 1 occurs, when B ~ 3'8 beyond which value of
reversal of recoil takes place. In practlce however, the value of B rarely'
goes beyondl 9. ; -
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FIG 2

.. Curve - in figure 2 represents the apprommate. re]atlonshlp between B’
and ‘e’ which ‘may be used in calculations of recoil energy data appended here—
w1th for existing ‘weapons or recoil system deSIgn for a new gun, '

The numerical value of ‘B’ 18 equal t0 0- 697 A for v =1 26 Where 7\ is a
factor purely dependent on the parameters of the brake and
.+ M =1-ny (1—r)—nyr cosX :
where n, ‘and ny are the dlvergences prowded in the brake and the: bafﬂes,

r the fraction of the gases that pass through the bafﬂe and. o:the angle
through which the gases are deflected.. ot

From the above, it therefore follows that tﬁhe best des1gn of a muzzle brake
- is duch for which the Value of Ais. hlgh, Thls is however ]1m1ted by the followmg ‘
factors ey
“(a ) The dlvergence factor has to be kept w1th1n practlcal ]1m1ts as; a
compromise between weight and efﬁcleney Tts value ‘seldom
exceeds 5.
. (b) All gases. cannot be trapped since some of them must pass through
the - eeﬁtral hole.. .
" e) The gases cannot be deﬁected beyond 135° due‘ to mechanlcal

difficulties and also to avoid the blast: commg ‘on.to the detach-
ment. : -

Table II gives calculated values of the portlon of the gases tra.pped the
divergence factor, the angle through which the gases are turned for
muzzle brake, fitted od various equipments. - . R

-
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- TABLE II
L . Portion of gases trapped Divergence factor
Equipment with : Angle
type of M.B. ' tz:li‘;';l!:d
T R v A I~ 2 2nd | . Total st 2nd through
stage stage : stage stage /

6 pdr. 7 owt. MK2- -] 0.7 . 0-7 662 .. 900
Single baffle T e ' ~
German. T ’

17pdr. MK 1 & 2 " 0-667 O'247| 091 352 3:85 90°
Double baffle ) e ‘
German. T

75 'mm MK 5 & 5A or3| | o 431 . 90°
Single baffle ‘ :
German, v ' ' '

965 pdr. MK:3 .. |. 067 0-22 090! s48| 30| < 00°

Design Considerations ) ; ,

‘1. A muzzle brake could usefully be employed with an equipment in
which percentage momentum added by -gas action is sufficiently high say
about 30 per gent. , o , o

2. ‘The‘pgrformancg of a niuizzle brake is an optimum for a particular condi-

tion of charge, so that a muzzle brake must be desigred for the tcp charge. -

- 3. Since the.percentage of gases trapped is a maximum for the first baffle .

and goes on decreasing for the subsequent ores, there is little to be gained by

complicated design. o ‘ . : E
4 4. The performance of a muzzle brake chiefly depends upen its geometry
~ and the value of ‘B’ and divergence factor seldom exceeding 1:9-and drespec-

5. Since muzzle ‘brakes are subjected to impact loads, it is mechanically

"unsafe to make them in‘the form of castings. _ ' -

" 6. The maximuin stress in the brake occurs at the instant:when the piofec-
tile is plugging the central hole of the brake so that all gases are deflected.
Maximum thrustin actual practice is about 70 per cent higherthan thetheore-
tically calculated ‘value at thisinstant. . o
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TABLE 1@ - ¢ 3
Intrinsic Efficiency Data |
Name of ‘ Ord. Q.F. Ord. Q. F. Ord. Q. F. . 0rd. Q. F. Ord. Q. F Ord. Q. F.
. Equipment . 6-Pr.7-Cwt | 17-Pr. MKI 17-Pr. 75 mm. 25 -Pr. 125-Pr.
Co : ) ' son Carp. Mk, 1 on 8. P. Mk. 5 Mk. 2 . ‘Mk. 3
- ’ Valentine or 5A on on Carr. © onS.P.
] Churchill Mk. 1 ‘Sexton
7 : :

N - i - w - - "
Total Wt. of Recoiling  (Ihs.) ° 932 | , . 2,256 2,01-5 753 1,558 1,568
Mass (M) | . o ' A :
Wt. of Projectile (m) - (Ibs.) 63 | 17 17 14-96 25(HE) 25(HE)

B ' ' 20(AP) 25(AP)
Wt. of Charge (¢). ... (Ibs.) 2:34: . 8-125 8:125 _2:0 2-844(HE) 2-844(HE)
Pos I : o o ' . .3-187(AP) 3-187(AP)
Nature of Charge ... N.H. 033 N.H, 055 | N.H. 055 - F. N. H. ‘NQ/8. 134-040 : .Q.
A _.constant .depending o A ‘ S L : L . :
on'ﬁaturérqquha,rgeFT/SEG’ 10-60x108 | . 10-60X108 | 10-6X108 110-09x108 | . 11-26%10 1126108
Muzzle Velocity (New: . ST o S
Gun)(vo0) i o BtfSec? | 2,709 .} 2,980 2,980 -2,030 2,030 1,750(HE)
, : , , 2,030(AP)
Krupps Constant ., - 1-89 .1-788 1-445. 2-05 - ¢ '2-313(AP)
(Calculated)(k) : ) ) T o
Momentum Index of '
Muzzle Brake (Calcu- . 1 . :
lated) (B) - -658 0-825 -825 -857 795 .
Intrinsic efficiency « of }
Muzzle Brake (e} . : S R o
approx. e -385 44 ‘44 - .365 43
Energy of Recoil = : o : o o '
1—e (m+ke) _ 2k 1bs .8,660 34,000 36,700 19,600 - 18,1 50(HE)
o T v Th. > . , ‘ : . 17,545(AP)
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