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ABSTRACT

A sound suppressor is an internal or external device coupled to the barrel of a firearm. Its development has
been historically related to the negative effects produced by the noise. This article presents the numerical and
experimental analysis of a sound suppressor for a 5.56 mm caliber rifle. It was designed, manufactured, and tested
inside a shooting tunnel for 911 m/s and 344 m/s velocities. Three geometric configurations with curved deflectors,
conical deflectors, and finally with a reactive spiral capable of dissipating the acoustic wave were compared
considering reactive and dissipative systems. The attenuation of the sound inside the silencer depends directly on
the reduction of the projectile wave velocity and the deflagration of the gases at the instant of firing. Then the MIL-
STD-1474E standard was used to carry out the experiments. The results in the computational numerical simulation
show an average value of 143 dB for the considered three models, the Sound Pressure Level in the reactive core
model decreased by 25% with respect to other proposals, which have an average value of 141 dB. These results
can be useful to improve in the design of sound suppressors based on the needs of the users and under the specific

characteristics of each weapon ballistic.
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1. INTRODUCTION

Sound suppressors, commonly named silencers, mufflers,
or sound moderators, have the main function of reducing
the noise produced by the firing of a cartridge through the
barrel of a firearm. Historically, four stages can be observed
during the evolution of these devices. In the first stage, they
were developed with the rudimentary technology of the early
XIX century. Subsequently, the second stage in the seventies
appeared, the use of new configurations and materials
characterised by the incorporation of scientific knowledge
emerged. The third stage in the 90s was characterised by the
use of computer systems and Finite Volume Analysis as an
important tool to fight against the loss of hearing. The fourth
stage began in the XXI century with the use of new materials
capable of absorbing the shock wave of the ammunition, as
well as the implementation of new designs and manufacturing
processes. At this stage, publications related to experimental
works, and the use of computational fluid dynamic (CFD)
started to arise. Nowadays there exist prototypes with fluids,
gels, or absorbent materials for the reduction of the sound
waves'™. During the fire, excessive noise is generated in
the form of an expansive wave, as the energy in the cannon
outlet increases, the level of impulsive noise also increases.
The firearm noises can be divided into three categories related
to; the explosion at the exit of the barrel, the velocity of the
projectile, and the explosion when the projectile hits the
target®®. The sound waves, especially near the firing chamber
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are short, in the order of milliseconds, or small-caliber weapons
systems, the duration of the positive pulse may be less than
0.5 milliseconds. During the instant of the fire and when the
shock wave leaves the barrel, the first explosion is developed,
a shock wave diffraction is additionally generated with a
starting vortex ring and a jet stream, the suppression of the
explosion at the exit of the cannon is important for both, long
and short weapons. On the short ones, the main objective of
the overpressure attenuation is to reduce the magnitude of the
explosion’. This concern has led to studies and publications in
which, the Euler equations were used to examine the friction
effects generated by the supersonic wave at the exit of the
canon'®!!, In this regard, the main objective of this work is to
observe the acoustic behaviour of the models by numerical and
experimental evaluation of the sound pressure level (SPL).

2. MATERIALS AND METHODS

The conceptualisation of the sound suppressor considers
a maximum length of 23 cm and a maximum diameter of
4.5 cm. The design proposals were constructed from the study
of technical principles in acoustics'>'?, the study of Werbel &
Berth patents'*'5, and the analysis of principles and evaluation
methods for silencers as presented in'®. The principles of
design, manufacture, and modelling of mechanical systems!'”!°
were analysed to comply with the permissible noise limits
(MIL-STD-1474E)*. During the establishment of the work
methodology, the main component from which the design
should start is the human being?' 2. During the study of the Carl
L. patent*, adaptations and designs of exclusive tooling were
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identified and would be required to facilitate the machining
process®. For the development of the numerical simulation of
a muffle, the work of?® was also studied and more technical
extents of the problem were also identified. The study of noise
reduction techniques?” was required, which are based on the
principles of wave dynamics which are now included in the
CFD methods for the analysis of noise and vibration'®?*%, The
performance of a muffle eventually requires the study of the
effects of noise on humans caused by the firearm?°-2,

2.1 Numerical Analysis

According to the tactical needs of the users, three models
of silencers were designed with 30 mm in diameter and 180
mm in length. On each one, expansion chambers, baffles, and
a cooling system with different geometries were proposed to
evaluate their performance in numerical simulations. In Fig.
1(a) curved deflectors compose the first model, the second
shown in Fig. 1(b) corresponds to the conical deflectors and, in
Fig. 1(c) the reactive spiral.

Stabilizers

Expansion Nucleus

chamber
(©)

Figure 1. CAD models for the (a) Curved, (b) Conical, and (c)
Reactive spiral deflectors.

The acoustic simulation was used to have a real
comparison with the measurements of the shots made on site.
A sound level meter for impulsive noise with a scale in dB
was installed; the objective was to verify the similarity in the
sound pressure level (SPL) values prior to the manufacturing
of the computational designs’. Only the geometric design with
the best results acquired in the acoustic measurement will
be numerically modelled and analysed. Table 1 shows the
parameters considered for the simulation.

Table 1. Physical parameters considered for the simulation

Parameter Value
Velocity of sound 911 m/s
Air density 1.21 kg/m?
Specific heat ratio 1.4
Bulk model 1.4319x10°Pa
Static pressure 1.022x10°Pa
Prandtl number 0.713

Maximum frequency of attenuation 250 Hz

Flow resistivity 10,800 Rayls/m

The numerical analysis was solved with the ANSYS®
Fluent software. The simulation for the 5.56 x 45 mm SS109
cartridge considers a speed of 911 m/s and subsequently for the
5.56 x 45 mm SS (subsonic flow) cartridge. During the analysis,
a turbulent flow was considered with a mixture of chemical
compounds generated by the deflagration of the double base
powder, this solution includes the turbulence dissipation
model (Eddy-dissipation), with a complete conversion of the
reaction. The FLUID 220 element in the 2020 R1 version of
the ANSYS® Fluent software was selected for the simulation.
It is a higher-order 3-D 20-node solid element developed
for acoustic analysis. This element has the advantage to
allow the modelling of the fluid-structure interaction®.
A reference condition of latm and a stagnation temperature
of 291.15 °K were considered for the initial stage of the
simulation. In this case, the requested solution involves the
equation of continuity (1):
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Inwhich, V', V and V_are the velocity vector components
of the fluid for the X Y and Z coordinates respectively, p stands
for the density and ¢ for the time. These velocities suddenly
change during the bullet’s travel inside the suppressor. The rate
of change in density can be related to the pressure variation p
as shown in Eqn (2)'%:

(1)
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In a compressible fluid, the interaction between the

chemical species and the generated turbulence is described by
the turbulence dissipation Eqns (3) and (4).
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where: i is the net rate of species production due to the
reaction 7, in this case, Y, is the mass fraction of the P
species and Y, is the mass fraction of a particular reagent R.
The empirical constants A and B were selected to be 4 and
0.5 respectively®.

2.2 Experimental Analysis

The final prototype was manufactured in 6062 aluminium
alloy (AIMglSi) with a GILDEMEISTER CTX41016®
CNC Lathe and a MILLTRONICS H7® 5-axis CNC Milling
Machine, in 32 operations. The suppressor and its external
cover are shown in Fig. 2(a). The mounting of the suppressor
on the front side of the rifle is shown in Fig. 2(b).

Distances and positions of the sound level meter and
transducer were established according to?® before the firing
tests and they were distributed as shown in Fig. 3.

For each one of the measurements, 6 rounds of 5 shots
were made, starting the first one without the sound suppressor
and later placing this accessory for the following shots to
establish the comparison.
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Figure 3. Sensors and target locations with respect to the
shooter.
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3. RESULTS
3.1 Numerical Analysis Results

The results obtained through the computational simulation
for the 5.56 mm caliber cartridge with a speed of 911 m/s and
344 m/s are shown in Table 2. They correspond to the Reactive
spiral deflectors design which obtained the best performance
results in the firing test. The temperature output values
were reduced by 23% with respect to the initial one, proper
functioning of the last section is also verified.

The effective shooting distance could be reduced by 30%.
This percentage corresponds to the dispersion of the impacts
fired to a circular shooting target located at 300 m limiting its
use to these distances or less.

Figure 4(a) shows the changes in density with respect
to the length of the suppressor, it is possible to observe (in
the top side of the graph) a side cut showing the interior of
the Reactive spiral design to facilitate the observation of
the values. The maximum density value was 167 kg/m’
along with the expansion chamber. Next, a small reduction
is observed through the deflector zone achieving a value
of 162.5 kg/m*. In Fig. 4(b) the maximum pressure value
of 6x107 Pa is observed with a sudden pressure drop in the
stabilising chamber.

Table 2. Physical parameter measured inside the reactive
spiral suppressor
Expansion Stabilisation
chamber Deflector chamber
Subsystem

911 344 911 344 911 344
m/s m/s m/s m/s m/s m/s

Density (kg/m®) 166 110 1625 108 161 106

Pressure (Pa) 60 39 58 38.5 25 15.9
Temperature (°K) 1,300 1,300 1,290 1,290 1,038 1,038
Velocity (m/s) 103 103 102 102 750 305
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Figure 4. (a) Density and (b) Pressure measured along the suppressor length.
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Figure 5. (a) Temperature and (b) Velocity measured along the suppressor length.

Figure 5(a) shows the temperature changes with respect
to the length of the suppressor, a maximum value of 1.30x10?
°K was measured in the expansion chamber. Figure 5(b)
shows the velocity changes with a maximum of 120 m/s in the
expansion chamber and a sudden increment in the stabilising
chamber.

The level of accuracy with the suppressor mounted
in the weapon was constant in all firing rounds. The best
performance of the sound suppressor was observed with the use
of subsonic cartridges, having an average value of 114 dB of
SPL at 10 m.

3.2 Experimental Analysis Results

Figure 6 shows the SPL levels measured for each design.
The mechanical and acoustic design of the reactive spiral
model offers the greatest decrement in the shooting sound, up
to 25% more with respect to the conical and curved models.

Figure 7(a) shows the SPL values with respect to time (s),
starting from the instant of fire. In the case of the Reactive
spiral model, the maximum appears at 0.002 s after the shot;
in contrast, the other two models have a maximum peak
at 0.0024 and 0.0028, respectively. Figure 7(b) shows the
average values of SPL with respect to the distance for each
shot with and without the suppressors.
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Figure 6. Sound pressure level along the suppressor diameter.
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Figure 7. Sound pressure level with respect to (a) time, and
(b) Distance.

4. DISCUSSION

The design and modelling of the three geometrical
configurations of the sound suppressors were influenced by
parameters like the length, weight, diameter, and assembling,
they were determined by the operational specifications of
the final user, the literature review, previous experience, and
theoretical knowledge. All these elements influenced the
creation of the first sketches but the substantial difference in
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this research with respect to previous works falls in the proper
methodology conceived for the specific calibers.

5. CONCLUSIONS

The acoustic analysis comparison of three suppressors
with different geometric deflector designs such as curved,
conical and reactive spiral was presented. It was possible to
determine that the reactive spiral sound suppressor had a better
performance than the curved and conical models for the 5.56
mm calibre; the average Sound Pressure Level gets in the range
of the allowed international levels. After the detonation of the
propellant, the maximum sound peak occurs between 0.002
to 0.003 ms, which shows the characteristics of the impulsive
noise during the shot. Regarding the numerical simulation
with cartridges at a speed of 911 m/s and 344 m/s, the values
obtained in density, pressure, and temperature showed a stable
behaviour at the entrance and exit of the expansion chambers,
verifying the effectiveness of the mechanical behaviour with
respect to design and not exceeding 1.30x10° °K; however, the
velocity shows a different behaviour, when obtaining an exit
value of up to 750 m/s, determining this effect as a product of
the turbulence generated within the spiral. When performing
the experimental tests with the MIL-STD-1474E Standard,
5 shots were determined for each established distance; the
characteristic vales of the shot were found between 168 dB and
155 dB with the use of the Reactive spiral suppressor. These
values have a variation of 1.5% with respect to the ones found
in the simulation. In all of the cases, the results of temperature,
pressure, and density measured in the suppressor, remained
stable showing the effectiveness of their performance for the
proposed calibre.
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