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PROGRESS REPORT QM THE STUDY OF 

1KB BFFICT OF MUZZLE-BRAKE DESIGN ON THE RECOIL OF GUNS, I 

Abstract 

A caliber .50 ballistic pendulum for measuring the efficiency 
of various muzzle-brake designs is described. 

The effect of (i) baffle spacing,  (ii) nozzle angle,  (iii) dif- 
fuser-cone angle and (iv) outlet (reversal) angle has been deter- 
mined.    The results show that 

(i) There is not rauch gain in efficiency when the baffle spac- 
ing exceeds a 1-in.  opening (2 calibers). 

(ii) A nozzle angle of 30° with a baffle spacing of ii in. is 
the most efficient« 

(iii) A diffuser cone is not necessary to obtain greater effi- 
ciency in brake action. 

(iv) A flat baffle is more efficient than a baffle having any 
degree of reversal angle up to 60°. 

1.    Object 

The object of this program is twofold — (i) to arrive at an explana- 
tion p£ all of the factors influencing brake design and efficiency, and (ii) 

to establish three standardized design types giving three ranges of effi- 

ciency, so that for any given weapon any one of these design types might be 
applied depending upon the amount of '»back blast'1 considered tolerable for 

that particular weapon. 

The present report describes the results of initial experiments to de- 
termine the efficiency of several muzzle-*rake designs.    The investigation 
is still in progress and the conclusions are subject to modification in the 

light of later evidence. 

2. Description of equipment 

A ballistic pendulum that uses the caliber .50 erosion-testing gun de- 
veloped for erosion-testing work being done at The Franklin Institute ras 
constructed for the present experiments.    The pendulum assembly, which is 
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supported from a rugged nA* frame, is shown in Fig. 1.    In order to obtain 
the minimum frictional resistance "within the test mount, the gun is suspend- 
ed by four pendulum arms from hardened knife-edges and seats carried on 
rigid trunnion arms.    The total weight of the pendulum is 216.U lb, of which 
208.0 lb is the weight of gun, receiver and firing mechanism, and 8.U lb is 
the weight of the muzzle brake. 

(a) Gun. — This consists of a caliber .£0 erosion-testing barrel mount- 
ed in its receiver.    The muzzle of this barrel, which protrudes from the re- 
ceiver, has been threaded to receive the muzzle-brake attachment.    The gun, 
constants are: volume of ponder chamber, ^,9k5 in?; travel of projectile, 
U0.8 in.; land diameter, 0.^90 in.; groove diameter, 0.£10 in«; groove depth, 
0.010 in. 

(b) Muzzle-brako attachment. — The brake consists of a nozzle screwed 
into a holder carrying a baffle whose relationship to the nozzle can be 
varied by screwing it into or out of the holder. 

(c) Suspending arms.  — The pendulum arms were made of rigid steel 
rods, as light in weight as possible, and ere suspended from hardened knife- 
edges.    The length of the arms between knife-edges is 3.25 ft. 

(d) The firing mechanism. — To eliminate any effect caused by the pull 
of the lanyard, a solenoid was mounted on the breech mechanism of the re- 
ceiver and all firings were done electrically.' 

• (e) Scale to measure angle] through which pendulum is rotated. — The 
recoil of the gun was measured by means of a circular rack carried on the 
lower part of the frame. The rack is divided into equally spaced notches 
each of which was found to be 0.319°. 

A floating pawl, attached to the gun, holds the gun at the maximum 
position of recoil.    The difference between the position of the pawl before 
and after firing multiplied by 0.319° gives the angle through which the 
pendulum is rotated. 

3«    Load used in firings 

(a) Composition of the powder. — FNH, Ml  (85-10-$) powder was used 
throughout the test.    This type of powder was chosen since it was found to 

i !'* 
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Frcssure, copper  (103 lb/in") 

V.&O 3700 • ljOOO 
Projectile '/elocity (ft/sec) 

Fig. 2.    Relationship anonr- pressuro, veleeity,  ani powder charge 
for E;c. No. U96U poirder in caliber .50 erosion-testing .r,ain.    Curve A is 
for velocity versus charge,  curve D is for pressure versus charge, 

be "only slightly• erosive -in- :th*■ c.-Jiioer .£0 erosion-testing gun-. Therefore, the 

ballistics of the gun vrould remain fairly uniform over ä rjreat number of firings. 

Constituent Percentage 

Nitrocellulose (13.15#N) 
Dinitrotolüene and dibutyl- 

phthalate 
DiphenylamLne 

Total volatiles 
Moisture 
Residual solvent 

82.62 

1U.66 
1.00 

0.86 
.60 
.26 

The composition of -FNH, III 

(85-10-5) powder Ex.  No. I96U 

is given in the adjacent tabu- 

lation. 

(b) Size of charge. — 

The powder charges used in all 

the experiments with the cor- 

responding pressures  (copper) 
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Weight of Charge Copper 
Pressure 
(lb/in?) 

Projectile 
Velocity 
(ft/sec) (grain) (lb) • 

327 
368 

l»05 

0.0U7 
.053 
.058 

30000 
llOOOO 

5oooo 

2öijD 
2965 
3270 

and projectile velocities are 
given in the adjacent tabula- 
tion. 

The relationships among 
pressure, velocity, and pow- 
der charge for Ex. No. h96h 
powder in the caliber .50 ero- 
sion-testing gun are plotted 
in Fig. 2. 

(e) Grain dimensions. — The dimensions of the grains used were: length, 
0.0892 in.; diameter 0.0620 in.; diameter of perforation, 0.0137 in.; mean 
web, 0.02lt1 in. 

Il« Variables of experiment 

In this work a muzzle brake was considered to consist essentially of a 

nozzle, an expansion chamber, and a baffle. The expansion chamber is the 

space between the nozzle and the baffle. The nozzle may be straight or ex- 

panding in any degree forward.. The baffle may be of such type as to take 

straight impact of the gases (such as a flat baffle) or it may incorporate 

a conical nose (diffuser cone) that tends to scoop and deflect the gases 

outward radially. At the same time the outer part of the baffle may be 

shaped to form a cylindrical reaction blade to further increase the effi- 

ciency of the brake. 

Initial tests in the ballistic pendulum were conducted with a simple 

flat baffle suspended in changeable relation to the gun. later tests were 

performed to determine the effect of 

(i) Baffle spacing, that is, distance between nozzle and flat 
plate baffle. 

(ii) Varying the nozzle angle — from 0° to 60°. 

(iii) Varying the diffuser-cone angle — from 5° to 15°. 

(iv) Varying the outlet (reversal) plate angle — from 60° to 0° 
(flat plate). 

ESTRICTED 
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Tt was originally planned to measure the recoil of the muzzle brake 
alone, but this was found to be so great that about ljO lb additional weight 
on the muzzle brake was required to hold it within the range of the scale. 
It was therefore decided to fire the gun with the muzzle brake firmly 
attached at all times.    In doing this the front pendulum arms were discon- 
nected and the front pawl removed from the front scale. 

In all the tests performed the recoiling parts weighed   216.U lb and 
the projectile weighed 0.101 lb (710 grains).    The powder charge and pres- 
sures are those given in Sec. 3(b). 

5. 

Symbol Unit 

A deg 

L ft 

M lb 

V ft/sec 

P lb/in? 

W lb 

H ft 

Quantities measured or calculated 

The following quantities were determined in the tests»   .;. ■ 

Definition 

Angle through which the pendulum is rotated. 

Length of pendulum. 

Weight of projectile. 

Velocity of projectile. 

Powder pressure (copper). 

Weight of recoiling parts. 

Height to which the center of gravity of the pendulum 
swings. This is calculated from the measured value 
of A from the formula 

H - L(1 - cos A). 

Velocity of free recoil. This is calculated from the 
value of H by the formula % 

V - \/Z$li 

Kinetic energy of recoil; E»jw^ This is equal to the 
potential energy MgH. 

MgH - MgLd - cos A) 

- WL(1 - cos A) 

- WH. 

Kinetic energy of recoil without brake. 

Kinetic energy of recoil with brake. 

Percentage reduction in kinetic energy of recoil, or 
efficiency of the brake. This is calculated from the 
equation 

R - ElJ" Si x 100. 

ft/sec 

ft lb 

Si ft lb 

Ss ft lb 
R percent 

Si 

"RESTRICTED 
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As a basis for comparison with tests in which the brake components were 
varied, recoil without the brake was determined.    The gun was fired with the 
brake removed from the muzzle, but strapped to the gun so that the weight of 
the recoiling parts (with and without the brake acting) remained constant 
throughout the tests.    The observed angles of swing A and the calculated val- 
ues of H, V, and Ex are given in Table I.    The values are the same for all 
the designs tested.    The values given here for Ex are those used later in the 
calculation of efficiencies. 

Table I.    Recoil without muzzle brake acting. 

Pressure, 
Copper 

(lb/in?) 

Projectile 
Velocity 
(ft/sec) (deg) 

H 
(ft) 

V 
(ft/seo) (ft lb) 

30000 
ho 000 
50000 

26U0 
2965 
3270 

8.78 
10.23 
11.58 

0.0381 

.0517 

.0661 

1.57 
1.82 
2.06 

8.26 
11.20 

1U.31 

6. Results 

(a) Test I. — The purpose of Test I was to determine the effect of 

baffle spacing on gun recoil. The baffle spacing A [Fig. 3(a)] was varied 

from \ to 1a in., the maximum obtainable. The schematic diagram [Fig. 3(a)l 

shows the effect of this variation on the expansion chamber. 

The values of angle of swing A were observed at pressures of 30000, 

UOOOO, and 50000 lb/in? and the kinetic energy of recoil and the efficiency 

were calculated. [In the calculation of the latter, values of Ex given in 

Table I were used.} The results of these observations and calculations are 

recorded in Table II and Figs. U(a) and U(b). The curves of Fig. U(a) show 

the relationship between baffle spacing and gun recoil in degrees, while the 

curves of Fig. U(b) show the relationship between the reduction in kinetic 

energy of recoil and baffle spacing. A comparison of these figures shows 

that there is not much gain in efficiency when the baffle spacing exceeds 

a 1-in. (2-caliber) opening. 

RE. S T II I C T 5 D 
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Table II, Results of varying baffle spacing from £ to lj in. 

Baffle 
Spacing 
(in.) 

V 

(ftjsec) (ft lb) 

R ■ *** 

(percent) 

Pressure, 30000 lb/in? j projectile velocity, 26UO ft/sec 

1 
4 7-27 0.0261 1.30 5.65 31.6 

i 5.88 .0171 1.05 3.71 55.1 
1 5.12 .0130 0.92 2.82 6U.9 

ii U.90 .0119 0.88 2.60 68.5 

Pressure, UO000 lb/in?; projectile velocity, 2965 ft/sec 
i 
4 8.30 0.0311 1.U8 7-39                     3U.0 
i 6.77 .0231 1.22 5.00 55.3 
1 5.80 .0166 1.03 3.60 67.9 
ii $.^$ .0153 0.99 

i                         i 
3.32 70.U 

Pressure, 50 000 lb/in? j projectile velocity, 3270 ft/sec 
1 
4 9.25 0.0li22 1.65 9.15 36.0 

1 7.57 .0283 1.35 6.12 57.2 
1 6.U3 .0205 1.15 u.uu 69.0 

if 6.07 .0185 1.09            U.01 72.0 

(b) Test II. -- The purpose of Test II -was to determine the effect on 

gun recoil of varying the nozzle angle. Figure 3(b) is a schematic diagram 

of the muzzle brake showing the manner in -which the nozzle angle C -was varied 

from 0° (straight nozzle) to 60°. The'distance B on the figure was kept con- 

stant at 1-1/8 in. With the muzzle brake acting, these tests -were conducted 

at several baffle spacings from 0 to 1^ in., the maximum obtainable for this 

design. The observed values for the angle of swing are given in Table III. 

In Figs, 5(a) to 5(e) recoil (deg) is plotted against nozzle angle (deg) for 

the different baffle spacings at several pressures. 

The results show that the least recoil is obtained with a 30° nozzle 

angle and a baffle spacing of 1^ in. 

The efficiency, or percentage reduction in the kinetic energy of recoil, 

for the best baffle spacing of 1-|- in. is tabulated in Table IV for varying 

nozzle angles at several pressures. Plots of these values are given in Fig. 6. 

The data show that a nozzle angle of 30° is the most efficient. 
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Table III. Results of tests to determine the effect of varying nozzle 
angle on gun recoil. 

Nozzle 
Angle 

(deg) 

'Angle of Swing (deg 
Baffle Spacing 

(deg) 
(So 

1* 

0 

5 
10 
15 
20 
30 
UO 
50 
60 

Pressure, 30000 lb /in?; projectile velocity, 261*0 ft /sec 

8.8 
8.8 
8.75 
8.65 
8.65 
8.5 
8.15 
8.0 
8.10 

7.25 
7.0 
6.2 
5.2 
14.95 
h.6 
li.75 
a.8 
5.1 

5.9 
6.2 
$.9 
5.U5 
5.05 
U.65 
U.75 
a. 95 
U.85 

5.1 
$.$ 
5.7 
5.15 
5.05 
ii.65 
a. 75 
a.85 
a.85 

5.0 
5.3 
5.a 
5.2 
5.1 
a.5 
a. 75 
a.8 
a.85 

Pressure, ao000 lb/in?; projectile velocity, 2965 ft/sec 

Pressure, 50000 lb/in? j projectile velocity, 3270 ft/ 'sec 

0 11.55 9.25 7.5 6.a5 6.25 
5 11.15 8.85 8.a5 7.1 6.8 

10 11.15 8.15 7.9 7.3 7.05 
15 11.0 6.85 6.8 6.8 6.55 
20 10.85 6.a5 6.25 6.3 6.35 
30 10.65 5.75 5.75 5.75 5.75 
ao 10.75 5.9 5.9 $.9 5.9 
50 10.3 6.0 5.95 5.95 5.9 
60 10.0 6.a 6.05 6.05 6.05 

RESTRICTED 

* 



i - 13 - RESTRICTED 

Table IV.     Reduction In kinetic energy.of. recoil, baffle spacing 1J in. 

tMJHMi 

l\ 

Pressure1 

0 
5 

10 
15 
20 
30 
U0 
50 
60 

30000 lb/in? 5 projeotlle velocity, ZOUO 
8.26 ft lb, no brake action 

5.0 
5.3 
5.1» 
5.2 
5.1 
h.5 
U.75 
b.8 
U.85 

0.012U 
.0139 
.oiUU 
,01A 
.0129 
.0100 
.0112 
.011U 
.0116 

0.89 
.95 
.96 
.93 
.91 
.80 
.85 
.86 
.86 

0 
5 

10' 
15 
20 
30 
Uo 
50 
60 

0 
5- 

10 
15- 
20 
30 
Uo 
50. 
60 

Pressure, 

2.68 
3.02 
3.12 
2.90 
2.80 
2.16 
2.U3 
2.U7 
2.51 

67.5 
63.5 
62.2 
6U.9 
66.1 
73.8 
70.6 
70.0 
69.6 

UOOQOlb/lriSj projectile velocity, 2965 ft/sec 5 
11.20 ft lb, no brake action ______ 

5.65 
6.0 
6.3 
5.9 
5.75 
5.15 
5.35 
5.U 
5.U5 

Pressure, 

0.0169 
.0173 
.0196 
.0172 
.0163 
.0131 
.01U2 
.01UU 
.01U7 

1.0U 
1.05 
1.12 
\M 
1.02 
0'.92 

.96 

.96 

.97 

3.66 
3.75 
U.25 
3.72 
3.5U 
2.8U 
3.08 
3.12 
3.18 

67.3 
66.5 
62.0 
66.9 
68. h 
7U.7 
72.5 
72.1 
71.6 

50000 lb/irigj projectile velocity, 3270 ft/sec; 
1Iu31 ft lb, no brake action 

6.25 
6.8 
7.05 
6.55 
6.35 
5.75 
5.9 
5.9 
6.05 

0.0193 
.0228 
.02U6 
.0212 
.0200 
.016U 
.0172 
.0172 
.0181 

1.11 
1.21 
1.26 
1.17 
1.13 
1.03 
1.05 
1.05 
1.08 

U*08 
U.9U 
5; 32 
U.59 
U.33 
3.55 
3.72 
3.72 
3.92 

71.5 
65. U 
62.8 
67.9 
69.8 
75.2 
73.9 
73.9 
72.6 
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us w 
Nozzle angle (deg) 

Fig. 6.    Test II..   Nozzle angle versus percentage reduction In 
kinetic energy of recoil with 1^-in. flat baffle spacing.    Curve 1_ for 
30000 lb/in? pressure, 26UO ft/sec projectile velocity; curve 2 for 
UOOOO lb/in? and 2965 ft/sec; curve 3 for 50000 lb/in? and 327Ö" ft/sec 

:i 
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(c)    Test III.. — The purpose of"Test III was to determine the effect 
on gun recoil of varying the diffuser-cone angle with nozzle angle of 30°. 
The drawing of Fig. 3(c) shows the manner in which this angle D was varied 
from 0° (flat plate) to 15°.    The observed angle of swing is given in 
Table V for several baffle spacings from 0 to 1^ in., the maximum obtainable, 
and for pressures of 30000, I4OOOO, and 50000 lb/in?    The results show that 
the least recoil is obtained with a baffle spacing of 1^ in. andfuo* diffuser 
cone. • .   .... ...    .   .. ... . 

' These data are plotted in Figs.  7(a) and 7(b) in which angle of recoil 
(deg) versus diff user-cone angle (deg) is given for pressures of 30000 and 
50000 lb /in? and various baffle spacings. 

The efficiency, or percentage reduction in kinetic energy of recoil, 
was calculated for the best baffle spacing of 1-4 in. for several diff user- 
cone angles.    These values are tabulated in Table VI, and plotted in Fig.8. 
The results indicate that a diffuser cone is not necessary to obtain the 
greatest efficiency in brake action. 

(d) Tost IV. — The purpose of Test IV was to determine the effect on 
gun recoil of varying the reflecting-plate (baffle) angle.    Figure 3(d) is 
a schematic diagram of the manner in which the reflectlng-plate angle E was 
varied from 60° to 0° (flat baffle). 
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(b)   Diffuser cone angle versus recoil at pressure of 30,000 lb/in? 

Curve No. 1            2             3            h 
Baffle spacing (in.) 1*        it        -o 

Fig« 7.   Test III.   Effect of diffuser cone angle on-recoil at sever'1 
baffle spactags.   See Fig, 3(e) for details of muzzle brake. 
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Table V.    Effect on gun recoil of varying dlffuser-cone angle.    The nozzle 
angle nas kept constant at 30°. 

Nozzle 
Angle 
(deg) 

Angle of Swing (deg 
Baffle Spacing (In. r Ez a 

Pressure, 30000 lb/in? 5 projectile velocity, 261*0 ft/sec 

0 8.5 I». 65 U.65 I*. 65 b.5 
5 — 6.7 — — I*.75 

10 8.75 6.9 — — l*. 75 
15 8.75 6.8 5.65 — 1.75 

Pressure, 1*0000 lb/in? $ projectile velocity, 2965 ft/sec 

0 9.6 5.U 5.15 5.15 5.15 
5 — 7.65 5.3 

10 10.0 7.55 — — — 
15 10.3 7.7 6.1* — 5.3 

0 
5 

10 
15 

5.75 

7.1 

5.75 5.75 

5.85 

[\ Table VI.    Percentage reduction in kinetic energy of recoil for varying dif- 
fuser-cone angles, -with baffle spacing of I4 in. and nozzle angle of 30". 

Diffuser-Cone 
Angle 
 (degi 

A 

(de 

H 

- ! (de5>, (;t}   ! (ft/sec) ' (f* ?-b) , ( 
Pressure, 30000 lb/in?; projectile velocity, 261*0 ft/secj 

TP Q    o£.    <U.    "IV        m*m   V-.I..    ..1J._ 

E2 

(ft lb) 

Ei - R - =£ 
Ei 

(percent) 

Ei, 8.26 ft lb. no brake action 
0 
5 

10 
15 

U.5 
U. 75 
I*. 75 
I*. 75 

0.0100 
.0112 
.0112 
.0112 

0.80 
.85 
.85 
.85 

2.16 
2.1*3 
2.1*3 
2.1*3 

Pressure, 1*0000 lb/in? j projectile velocity, 2965 ft/sec; 
ET, 11.20 ft lb, no brake action 

73.8 
70.6 
70.6 
70.6 

Pressure, 50000 lb/ingj projectile velocity, 32TO ft/secj 
Ei, It*.31 ft lb, no brake action 

0 
5 

10 
15 

5.75 
5.95 

0.0163 
.0175 

1.02 
1.06 

3.51* 
3.79 

75.3 
73.5 

5.85 .0169 1.01* 3.66 71*. 1* 
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I ^? > »1 
P°k 

«I 60 -4 i i ■ ■5 To 
Diffuser-cone angle  (deg If 

Curve Pressure 
(lb/in?) 

Projectile 
Velocity 
(ft/sec) 

1 

2 

3 

30000 

U0000 

50000 

26U0 

296$ 

3270 

Fig. 8.    Test III.    Diffuser-cone angle versus reduction in kinetic 
energy of recoil with 1^-in. flat baffle spacing and 30° nozzle angle. 

The angle of swing A was determined with a nozzle angle of 30°, a dif- 

fuser-cone angle of 15°, and with baffle spacings from 0 to 1 in., the maxi- 

mum obtainable with this design, for reflect!ng-plate angles from 60° to 0° 

and for pressures of 30000, hOOOO, and $0000 lb/in?   The results obtained 

are given in Table VII and Figs. 9(a) to 9(d).    These data show that the 

least recoil is obtained with a 1-in. baffle spacing using a flat baffle, 

that is, zero reflecting angle. 

Table VII.    Effect on gun recoil of varying the reflecting-plate (baffle) 
angle.    The nozzle angle was 30° and the diff user-cone angle was 1$°. 

Reflecting-Plate 
Angle 
(deg) 

Angle of Swing (deg) 
Baffle Spacing (inQ 

Pressure, '• I0 000 Ib/Ln2 J projectile velocity, 26U0 ft/sec 

0 8.35 ^ 5.05 l».9 
15 8.5 5.5 $.h$     ■ 5.35 
30 8.0 5.7 5.95 5.85 
60 8.U5 ^ 6.25 6.25 

Pressure, UP 000 lb/in?; projectile velocity, 2965 ft/sec 
0 9.5 6.2 5.8 5.U5 
15 9.35 6.2 6.25 6.05 
30 9.0 6.U 6.7 6.65 
60 9.5 6.6 6.95 7.1 

Pressure, 50000 lb/in?; projectile velocity, 3270 ft/sec 
0 10.6 6.95 •  6.5 6.0 
15 10.2 6.85 7.05 6.75 
30 10.0 7.1 7.U 7.U 
60 10.6 7.25 7.6 8.0 

RESTRICTED 

* 



RESTR I -16- 

I 

^^^Z^ — *^ 

0<2 

s   &    s    Ä 8      8 

(S*p) BT»UT injSAfg 

i ■■ in ■ ii   iii ■■    ■      ■■ 

i ——> aZSMi MHBS —i— —— j 

5« 

tf      & 

s i 

£ 
1} L 
5$ 
3? t S a 
A 
£ 

I* in 
|3 Ä 3 Ä 

U ^   en   m 

.. •* ... 

._. i 

._..: 
■•" fc 

—L - -N ._._..   

—— ~" s w 

    

,  T 
I   I   I 
(lap) •T*»T T**»*»E 

RESTRICTED 

R   8   8   S   R   8 
(S«p) ■!*»▼ T»"»A»H 

3l 

9 

i 
i i 

*« 

9 e 
1 



- 19 - H'*E S~f"R I C T E D 

K 

The calculated values for the percentage reduction In the kinetic energy 

of recoil for a baffle spacing öf 1 in. with varying reflecting-plate angles 

are given in Table VIII.    The results indicate that the reflecting-plate 

angle used in this design decreased the efficiency of the muzzle brake; that 

a flat baffle is more efficient. 

Table VIII.    Percentage reduction in kinetic energy of recoil for baffle 
spacing of 1 in. at several reflecting-plate angles, with 

nozzle angle of 30° and diff user-cone angle of 15°. 

Reflect!ng-Plate 
Angle 
(deg) 

A 

(deg) 

H 

(ft) 

V 

(ft/sec) (ft lb) 

R 
Ex - Es 

(percent) 

Pressure, 30000 lb/in? j projectile velocity, 26l»0 ft/seci 
Elf 8.26 ft lb, no brake action 

.... o iu9 0.0119 0.88 2.60 69.5 

15 5.35 .01U2 0.96 3-08 62.7 

30 5.85 .0169 I.Oli 3.66 55.6 

60 6.25 
..    i 

.0193 1.11 U.08 50.7- 

Pressure, UO000 lb/in?5 projectile velocity, 2965 ft/sec 
Ex, 11.20 ft lb, no brake action 

0 ... 5.U5 0.01U7 ■'■   0.97 3.18    • 71.6 

15 6.05 .0181   . • 1.08 3.92     • -      65.0 

,.. „3Q • .,■•   : 6.65 .0218 1.19 a. 73 ■v: 57.8 

60 7.1 .02U9 1.27 5.1»0 
. - 

51.8 

Pressure, 50 000 lb/in?; projectile velocity, 3270 ft/see 
Ei, 11.31 ft lb, no brake action 

0 6.0 0.0178 1.10 3.86 73.0 

15 6.75 .0225 1.20 U.87 65.9 

30 7.U, .0270 1.32 5.85 59.0 

60 8.0 .0316 1.U2 6.85 52.1 
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In Fig.  10 the refleeting-plate angle versus reduction In kinetic energy 

of recoil is plotted for 1-in. baffle spacing, 30° nozzle angle and 15° dif- 

fuser-cone angle. 

Curve Pressure 
(lb/in? 

Projectile 
Velocity 
(ft/sec) 

1 
2 

3 

30000 
1*0000 
50000 

261*0 

2965 
3270 

20 UO- 60 
Reflecting-plate angle (deg) 

Fig.  10.    Test IV.    Reflecting-plate angle (reversal angle) versus re- 
duction in kinetic energy of recoil -with 1-in. baffle spacing, 30° nozzle 
angle, and 15° diffuser-cone angle. 

7.    Conclusion - 

These preliminary muzzle-brake design tests in'the caliber .50 ballis- 

tic pendulum show 

(a) There is not much gain in efficiency when the baffle spacing ex- 

ceeds a 1-in,  opening (2 calibers). 

(b)A nozzle angle of 30° with a baffle spacing of ij in. is the most 

efficient. 

(c) A diffuser cone is not necessary to obtain greater efficiency in 

brake action. 

(d) A flat baffle is more efficient than a baffle having any value of 

reversal angle up to 60°. 

Further tests now in progress will determine the effect of the follow- 

ing design variables on the efficiency of the brake; 

(i) Outlet diameter of the muzzle-brake baffle, 

(ii) Nozzle length, 

(HI) Multiple flat baffles, 

(iv) Jet reaction, using baffles of reaction blade design. 
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