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Abstract. The report examines the behavior of a 7.62x39
bullet in a water environment and the changes in the created
cavitation cavity when the geometric and mass
characteristics are altered. The studies are conducted
through virtual prototypes and CFD (Computational Fluid
Dynamics) analyses in a SolidWorks environment, with the
density of the water around the projectile and the angle of the
formed cavitation cavities being the control parameters. The
results indicate that the placement of the radial slit channel
in the middle of the ogive part yields the best results for the
angle of the cavitation cavity, which helps reduce the friction
forces on the projectile, thereby increasing its linear
progression in a water environment.
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I. INTRODUCTION

In today's dynamic development of the geopolitical
situation and the emergence of various disturbances around
the world, there is a need for rapid development of new
weapon systems and ammunition that can be used in
complex situations, such as military operations where there
may be a need to strike targets at different distances,
including those under the water surface.

One of the challenges facing ammunition
manufacturers is the development of an economically
viable projectile with enhanced linear-progressive motion
in a water environment, to meet the needs of users.

It is known that when a solid body enters water, its
dynamics are disrupted by the impact of external forces and
moments in the water environment, which reduces its
translational and rotational motion [1], [2], [3].

Thanks to the development of computer technologies
and mathematical models over the last decades,
manufacturers have the opportunity to create virtual

prototypes of future or existing products [4], [5] [6], which
can be tested in a virtual environment. This also provides
the possibility of rapid physical prototyping [7], [8], [9] of
a series of projectiles with altered geometric and mass
characteristics, to study their behavior in a water
environment.

With the help of a developed approach for virtually
investigating the change in the angle of the created
cavitation cavity during the motion of modified 7.62x54
ammunition in the studies [10] and [11], it is possible to
track how the geometric and mass changes of a 7.62x39
projectile moving in water could affect the created
cavitation bubble.

Cavitation is a phenomenon that generates cavities that
grow and break up during the process of fluid flow when
the local pressure is lower than the saturated vapor pressure
[12].

Fig. 1 presents a diagram of the cavitation cavities
formed when a projectile penetrates a water medium.
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Fig. 1. Cavitation cavities [13].

The approach for studying the cavitation cavity, as used
in this report, involves constructing a virtual model of the
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bullet being researched and N number of variants with
modified geometry, which consists of a slotted channel
with a specific shape and dimensions in the ogive part of
the projectile. The models are studied through CFD
analysis, under the same conditions, and the formed angle
between the bullet's axial line and a line starting from the
ogive part of the bullet and ending at its base is
compared. The slope is determined by an isoline showing
the average water density zone (500 kg/mq) (Fig. 2),
where it is considered that a cavitation cavity appears
[14] [15] [16] [17].
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Fig. 2. Scheme of the study.

Il. MATERIALS AND METHODS

A.  Geometric modeling

The geometry of the projectile (Fig. 3) is designed
based on a drawing with GRAU (system used by the
Russian Armed Forces) index 57-N-231U, adopted in
1962 [18].
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Fig. 3. The geometry of the p?ojectile.

The shape and dimensions of the radially slotted
channel of the bullets with altered geometric and mass
characteristics are shown in Fig. 4, which are borrowed
from the study [19], and the variations in its placement on
the ogive part are shown in table 1.
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Fig. 4. The shape and dimensions of the radially slotted channel.

TABLE 1 VARIATIONS

Variation | 1| 2| 3| 4| 5/ 6| 78| 9 | 10 | 11 | 12
Distance
from top 0| 3|4/ 5/6/789/10]| 11| 12| 13
(mm)

Fig. 5 shows two variations of the projectile - (a)
without a channel and (b) with a slotted channel.

(a)

(b)
Fig. 5. Virtual models.

B. Mesh model

The studied area is shown in Fig. 6, where the approach
of constructing a 2D analysis is adopted due to the
presence of rotational symmetry in the examined body.
The number of finite elements in the studied area is 2024.
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Fig. 6. The studied area.

C. Input data

The following input data have been introduced for
conducting the analysis:

e  Velocity — the projectile's speed is assumed to be
715 m/s, corresponding to the initial velocity measured at
30 cm from the muzzle of the AKM-47 rifle [20];

e Angular velocity — the rotation speed is calculated
using equation (1), which considers the rifling pitch in the
barrel [21].

Wy = 7'[3%,[5‘1], (@))

where:
V4 —translational velocity of the bullet [m/s];
S —the rifling pitch in the barrel [m].

o Dissolved gas mass fraction — calculated with an
equation (2) [19].
_ o (P=Pp)
o= 2—pV2 2
where:

P — atmospheric pressure at a temperature of 20°C [Pa];
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P, — the pressure of the water vapor in the cavity (the
approximate pressure is 0.02 atm [19]) [Pa];

p — the density of water at a temperature of 20°C
[kg/m*];

V —the velocity of the projectile [m/s].

e Turbulence Parameters —turbulence intensity and
length scale were calculated based on the length and speed (5
of the projectile, and the kinematic viscosity of water, using ©
the k-Epsilon model. som | RS

The input data introduced are shown in table 2. =

TABLE 2 INPUT DATA -

Parameter Value Dimension
Velocity 715 m/s
Angular velocity 32,67 rad/s b
Dissolved gas mass fraction 0,000423099227 @
Temperature 293,2 K —
Pressure 101325 Pa - , .
Turbulence intensity 0,02552 % 5 -
Turbulence length 0,000234 m o
I1l. RESULTS AND DISCUSSION =
In Fig. 7 and Fig. 8, the results of the studies are © _
presented graphically, showing the angles of the formed 7mm :

cavitation cavities, and in Fig. 9 all the obtained angles are

compared, demonstrating that the best results are achieved : , Lo
when the slotted channel is positioned 7 mm from the tip of 3 '
the bullet. <
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Fig. 9. The angle of the cavitation cavity vs. notch the distance from the
tip of the bullet.

IV. CONCLUSION

e The study found that the placement of the slit
channel near the middle of the live part yields the best
results for the angle of the cavitation cavity, which would

help reduce the forces negatively affecting the dynamics
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of the projectile, thereby extending its translational
movement in a water medium.

The results from positioning the cut more than 10
mm from the tip of the bullet are approximately the same
as those of the projectile without a radial cut.

Thanks to virtual prototyping, it is possible to
analyze various projectile variations with changed
geometry and mass characteristics, which in turn
accelerates the process of developing new ammunition.
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