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Abstract

An experimental study is carried out to investigate the flow over a bullet with respect to the forces and the externd
factors acting on the bullet when fired. The purpose of this work is to present the simulation of a M16 bullet of
length 1.2.7 mm and diameter 5.56m , which is an standardized ammunition worldwide used, subjected to a different
air flow conditions like, transonic (0.8 1.2 Mach ) and supersonic ( greater than 1.2 Mach) speeds. This information
will be useful to understand the stability of the warhead during its flight trajectory (external balistics).. As a result,
the numerical and experimental images of the corresponding flow patterns were obtained and with the flow
visualization principle, the behavior of the projectile during the trgjectory of flight of a semi blunt bullet was aso
determined. It was found that in certain cases, blunt ammunition shoots maintain a stable spin during flight without a
considerable variation in its length of flight, keeping constant speed conditions with respect to the Point Head Bullet.
The design has been made in Catiawith no change in base and length and CFD module was used for the Simulation.

Keywords: Trgectory, Magnus effect, CFD, M 16, External and Long Range factors

1. Introduction.

Bullet: A bullet is an object which is made by a metallic component projectile thrown or fired by
afirearm like gun. Bullet normally does not contain any explosives but it can damage due to its
penetration and impact.

Bullets were invented in 1500 s and in starting round lead balls were to be used. Later in 1823 s
pointed bullet came into more use by a British army person Captain John Norton. This bullet
basically had a hallow base which get expand under pressure to engage with a barrel s rifling
but later on it got rejected by the British army due to round bullets which were used for the last
300 years.
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Fig 1.1: Minie Ball adapted from
As the time passed out in 1888 pointed bullet came in much more use which were innovated by
some of the gunsmith and it was aso adopted by British army.

Fig 1.2: Modernized Heavy Bullets.

2. Aerodynamics behind the Projectile.
2.1 Formation of Shock Wave:

Since al type of flow are compressible in nature (density not be treated as constant) and such
flows are high energy flow where magjor change in temperature and energy occurs. Whenever the
speed of the projectile is faster than the speed of sound, than shock wave as projectile is in
compressible region.

A shockwave is very thin region where the properties of flow change drastically. Its thicknessis
usually of order of 0.0000lcm where explosive compression occurs. When a projectile
encountered by shock wave, the total energy remains conserved but the energy which can be
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extracted as work decreased therefore entropy increases. Due to it an additional drag originated
with shocks.

Fig 2.1: Bow shock adapted from Url-5

2.2 Boundary layer:

All kind of projectile when projected in the fluid, encountered with a film generated between the
projectile and free flowing fluid called as boundary layer. At that layer fluid flow is retarded due
to friction/viscosity between solid surface and fluid. An invisible layer of gas or liquid is formed
over the surface of the projectile depending on the velocity. Since all kind of mass transfer, heat
transfer, momentum transfer, friction effect and all viscosity effects are felt. Therefore, instead
of solving the whole Navier stokes equation for the system only solve for the boundary layer
where all kind of transfersfelt.

The boundary layer formed increases drag and offers hindrance to the moving projectile.

Fig 2.2: Boundary layer over a bullet.
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The strength and type of shock depends on velocity of projectile. The shock wave generated at
Mach No 1 (velocity of projectile equals to velocity of sound). At transonic range the projectile
encountered by bow shock but at supersonic speed it encountered by oblique shock.

3. Overview of M 16 Rifle.
The bullet which we have taken in our project is of M16. The M16 is the United States military
designation for the AR-15 rifle. M16 rifle fires the 5.56* 45mm cartridge. It is a light weighted,

5,56 mm and it is made of steel, 7075 aluminium aloy, composite plastics and polymer
materials. M16 rifle are further classified into M16A1, M16A2/A3, M16A4 etc.

3.1 Dimension of M 16 Cartridge:

Fig 3.2: Adapted from Url-3
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From the above figure we can see that the cartridge is divided into two different part the first one
that is of red and brown colour is called bullet and the second part which is of wooden colour is
called shell. The diameter of the bullet is 5.56 mm and its length is 12.7 mm

4. Experimental analysis over different shapes of bullets.

The major interest of doing the project is to analysis the effect of flow over the bullet and
advantage of its shape in term of range and penetration. Therefore from above different shapes
are taken and tried to analysis the flow over the geometries. The geometries are:

1. Point Head Bullet
2. Pureblunt head bullet
3. Semi blunt head(original shape)

4.1.1 Point Head Bullet:

The alteration has been done in the head of bullet, which is changed to point head from semi
blunt shape. The design has been made in CATIA with no change in bore and length. The length
of bullet is12.7 mm with 5.56mm diameter.

Fig 4.1: CATIA model of bullet

The initial measurement of the point head projectile is also measured in CATIA, such as centre
of gravity, area, mass, moment of inertia etc, which is displayed below.
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Fig 4.2: Measureinertia of bullet in CATIA

The meshing has been done with the help of GAMBIT and for the analysis fluent has been used.
It has been tried to get selective meshing which is fine on the bullet and near the bullet because
the mgjor change occur at the bullet surface and near to it. For meshing GAMBIT is used and for

analysis part FLUENT 6.3 is used. The material of bullet is taken as steel form fluent database
which very close to the materia of actual bullet.

The figure below is displaying the grid of point head projectile (M16 Bullet) and nearby
surrounding.

Fig 4.3: Grid over a point head bullet

The figure below is showing dynamic pressure at supersonic speed. Due to point head shape

stagnation point is missing therefore pressure is not distributed at effective area. Shock waves
are attached to the body.
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Fig 4.4: Contoursof Dynamic pressure of point head bullet

Similarly the figure below is showing the static pressure. The maximum pressure is exerting on
the body rather than on point.

Fig 4.5: Contours of static pressure of point head bullet

At supersonic speeds for a pointed body boundary layer is attached to surface and increased the
displacement thickness. As shown in figure below:

Fig 4.6: Displacement thickness adapted from Url-6

Due to increase in the body surface area, the skin friction drag dominates and thus provides
hindrance to the projectile.
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4.1.2 For purecylindrical body

The design of actual bullet is changed from head and converted to pure blunt. Thereis no change
is made in diameter and length of bullet. The material is also not changed. The figure below
displays the meshed bullet and surrounding.

Figure.No.4.7 Grid of a pure blunt head bullet

Below the contour displayed shows the static pressure which is maximum at stagnation point
thus temperature is also at its apex.

Due to the dome shape the pressure is distributed over the surface of projectile. Thus there is
gradua decrement in the pressure.

Figure No. 4.8 Contours of static pressure of pure blunt head bullet
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The next contour is of dynamic pressure. At stagnation point it is showing the lowest value
which is theoretically correct. The red region around the bullet is shock formation where sudden
increment of pressure occurs. The dynamic pressure should be low at that point where static
pressure is high.

Bow shock is stronger form of shock rather than oblique shock. The pressure increases very
dramatically. The temperature and density also encountered with the same.

Figure.No.4.9 Contours of Dynamic pressure of pure blunt head bullet

The next contour is showing the path lines

Figure.No.4.10 Path line of pure blunt head bullet
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Since both the shape discussed above had particular disadvantages. Thisis the origina shape of
M 16 bullet. The length is 12.7mm and diameter 5.56mm.

5. Results: Analysis of Semi blunt head bullet at different angle of attack and Mach no:

For the analysis of the actual bullet, different Mach no at different angle of attack is taken in
supersonic range.

5.1.1 Mach No 3.5

a). 0 degree angle of attack
b). 2 degree angle of attack
). 2.5 degree angle of attack

5.1.2Machno3

a). 0 degree angle of attack
b). 2 degree angle of attack

5.1.1. a). Mach no 3.5 and 0 degree Angle of Attack

Figure.No.5.1 Contours of static pressure of semi blunt head bullet at 3.5 mach and zero angle
of attack
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Graph.No.5.1 Satic pressure graph

Figure.No.5.2 Contours of Dynamic pressure of semi blunt head bullet at 3.5 mach and zero angle of
attack

Graph.No.5.2 Dynamic pressure graph
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5.1.1. b). 3.5 Mach and 2 degree Angle of Attack:

Figure.No.5.3 Contours of static pressure of semi blunt head bullet at 3.5 mach and Two degree
angle of attack

Graph.No.5.3 Static pressure graph

Figure.No.5.4 Contours of Dynamic pressure of semi blunt head bullet at 3.5 mach and Two degree
angle of attack
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Graph.No.5.4 Dynamic pressure graph

5.1.1. ¢). 3.5 Mach and 2.5 Angle of Attack:

Figure.No.5.5 Contours of static pressure of semi blunt head bullet at 3.5 mach and 2.5 degree
angle of attack

Graph.No.5.5 Static pressure graph

Figure.No.5.6 Contours of dynamic pressure of semi blunt head bullet at 3.5 mach and 2.5
degree angle of attack
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Graph.No.5.6 Dynamic pressure graph

5.1.2. @) 3 Mach and 0 Angle of Attack:

Figure.No.5.7 Contours of static pressure of semi blunt head bullet at 3 mach and zero angle of
attack

Graph.No.5.7 Satic pressure graph

Figure.No.5.8 Contours of dynamic pressure of semi blunt head bullet at 3 mach and zero angle
of attack
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Graph.No.5.8 Dynamic pressure graph

5.1.2. b) 3Mach at 2 degree Angle of Attack:

Figure.No.5.9 Contours of static pressure of semi blunt head bullet at 3 mach and 2 degree angle of
attack

Graph.No.5.9 static pressure graph
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Figure.N0.5.10 Contours of dynamic pressure of semi blunt head bullet at 3 Mach and 2 degree
angle of attack

Graph.No.5.10 Dynamic pressure graph

6. CONCLUSION

From the above point head bullet, pure blunt bullet and semi blunt bullet is analyzed.

The contours shows that for long range bullet, neither pure blunt shape nor point head bullet is
suitable because in pure blunt shape a strong bow shock is encountered in front of bullet. The
properties like pressure, temperature, density and velocity etc of flow change very dramaticaly.
It will increase the drag which provided hindrance in the motion of projectile. But in pure blunt
shape the pressure is distributed over the dome/arc shape. The major advantage of the shape is
that the temperature is not concentrated at a point. It is distributed which help to save the
integrity of properties of material.

In point head bullet the oblique shocks forms which is weaker than the bow shocks but the
formation of boundary layer increase the effective area. The phenomena occur due to
displacement thickness of the boundary layer. As the result skin friction drag increases, which is
also acurse for long range bullets?
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Therefore a compromise between the is the need which suits the requirement of long range
bullets with best penetration effect. For that semi blunt shape is analyzed, which had advantages
of both.
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