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Abstract

An experimental study is carried out to investigdue flow over a bullet with respect to the foreesl the external
factors acting on the bullet when fired. The pugo$ this work is to present the simulation of M6 bullet of

length 1.2.7 mm and diameter 5.56m , which is anddrdized ammunition worldwide used, subjectedl different

air flow conditions like, transonic (0.8 — 1.2 Ma@&mnd supersonic ( greater than 1.2 Mach) spedds.ififormation

will be useful to understand the stability of tharhead during its flight trajectory (external tetilis).. As a result,
the numerical and experimental images of the cpording flow patterns were obtained and with thewfl
visualization principle, the behavior of the prdjecduring the trajectory of flight of a semi blubullet was also
determined. It was found that in certain casesyttdummunition shoots maintain a stable spin dufiight without a

considerable variation in its length of flight, ké®g constant speed conditions with respect tdPthiat Head Bullet.
The design has been made in Catia with no changase and length and CFD module was used for thal&iion.

Keywords: Trajectory, Magnus effect, CFD, M16, External &mhg Range factors

1. Introduction.

Bullet: A bullet is an object which is made by atailéc component projectile thrown or fired by

a firearm like gun. Bullet normally does not contany explosives but it can damage due to its
penetration and impact.

Bullets were invented in 1500’s and in startingndlead balls were to be used. Later in 1823’s
pointed bullet came into more use by a British apayson Captain John Norton. This bullet
basically had a hallow base which get expand updessure to engage with a barrel’s rifling

but later on it got rejected by the British armyedo round bullets which were used for the last
300 years.

Sanjay Kumar Sardiwal Md. Abdul Samf, Md. Abdul Toufeed E. Prajit Edwards



Vol.2 Issue.4,
April 2014.
Pgs: 81-98

Fig 1.1: Minie Ball adapted from
As the time passed out in 1888 pointed bullet cammauch more use which were innovated by
some of the gunsmith and it was also adopted kysBrarmy.

Fig 1.2: Modernized Heavy Bullets.

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

Since all type of flow are compressible in natutensity not be treated as constant) and such
flows are high energy flow where major change mgerature and energy occurs. Whenever the
speed of the projectile is faster than the speedoohd, than shock wave as projectile is in
compressible region.

A shockwave is very thin region where the propsrtéflow change drastically. Its thickness is
usually of order of 0.0000lcm where explosive campion occurs. When a projectile
encountered by shock wave, the total energy ren@inserved but the energy which can be
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extracted as work decreased therefore entropyaseee Due to it an additional drag originated
with shocks.

ig 2.1: Bow shock aapted from Url-5
2.2 Boundary layer:

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

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

\ 3 ¥y

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

3. Overview of M 16 Rifle.
The bullet which we have taken in our project isvif6. The M16 is the United States military
designation for the AR-15 rifle. M16 rifle firesdl5.56*45mm cartridge. It is a light weighted,

5.56 mm and it is made of steel, 7075 aluminiunoyallcomposite plastics and polymer
materials. M16 rifle are further classified into 841, M16A2/A3, M16A4 etc.

3.1 Dimension of M 16 Cartridge:
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Fig 3.2: Adapted from Url-3

Sanjay Kumar Sardiwal Md. Abdul Samf, Md. Abdul Toufeedj E. Prajit Edwards “



Vol.2 Issue.4,
April 2014.

Pgs: 81-98

From the above figure we can see that the cartigldeszided into two different part the first one
that is of red and brown colour is called bulletl @ine second part which is of wooden colour is
called shell. The diameter of the bullet is 5.56 armd its length is 12.7 mm

4. Experimental analysis over different shapes of bullets.

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

1. Point Head Bullet
2. Pure blunt head bullet

3. Semi blunt head(original shape)

4.1.1 Point Head Bullet:

The alteration has been done in the head of bwlleich is changed to point head from semi
blunt shape. The design has been made in CATIA motichange in bore and length. The length
of bullet is 12.7 mm with 5.56mm diameter.
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Fig 4.1: CATIA model of bullet

The initial measurement of the point head projedslalso measured in CATIA, such as centre
of gravity, area, mass, moment of inertia etc, Wiscdisplayed below.

Sanjay Kumar Sardiwal Md. Abdul Samf, Md. Abdul Toufeed) E. Prajit Edwards



Vol.2 Issue.4,
April 2014.

Pgs: 81-98

Definition -

[BE 8%, |seiection {Face. Shaftd..pant

Result

Calculation mode : Exact
Twpe: Surface

Characteristics — Center Of Gravity (G)
Area [1.301e-004m2 Gx [0mm
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Fig 4.2: Measureinertia of bullet in CATIA

The meshing has been done with the help of GAMBIT for the analysis fluent has been used.
It has been tried to get selective meshing whidimes on the bullet and near the bullet because
the major change occur at the bullet surface aad toait. For meshing GAMBIT is used and for

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

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

Fig 4.3: Grid over a point head bullet

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

stagnation point is missing therefore pressureoisdistributed 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 stati@psure. 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 boundamsr ls 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 fskition 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 heatlamverted to pure blunt. There is no change
is made in diameter and length of bullet. The nialtés 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 pressdnich is maximum at stagnation point
thus temperature is also at its apex.

Due to the dome shape the pressure is distribmted the surface of projectile. Thus there is
gradual decrement in the pressure.

| W

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 stagnapoint it is showing the lowest value
which is theoretically correct. The red region amduhe bullet is shock formation where sudden

increment of pressure occurs. The dynamic pressioeld be low at that point where static
pressure is high.

Bow shock is stronger form of shock rather thaniquied shock. The pressure increases very
dramatically. The temperature and density also @meved 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 partiiskdvantaged-his is the original shape of
M 16 bullet. The length is 12.7mm and diameter B166

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

For the analysis of the actual bullet, differentddano 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
5.1.2Machno 3

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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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
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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
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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:
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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

Sanjay Kumar Sardiwal Md. Abdul Samf, Md. Abdul Toufeedj E. Prajit Edwards _



Vol.2 Issue.4,
April 2014.
Pgs: 81-98

Graph.No.5.8 Dynamic pressure graph

5.1.2. b) 3Mach at 2 degree Angle of Attack:
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LUENT 6.3 (3d, dbr np, skw)

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

The contours shows that for long range bullethee pure blunt shape nor point head bullet is
suitable because in pure blunt shape a strong boekss encountered in front of bullet. The
properties like pressure, temperature, densityvahatity etc of flow change very dramatically.

It will increase the drag which provided hindrameehe motion of projectile. But in pure blunt
shape the pressure is distributed over the domsfape. The major advantage of the shape is
that the temperature is not concentrated at a pting distributed which help to save the
integrity of properties of material.

In point head bullet the oblique shocks forms whighweaker than the bow shocks but the
formation of boundary layer increase the effectimea. The phenomena occur due to
displacement thickness of the boundary layer. &srésult skin friction drag increases, which is
also a curse for long range bullets?
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Therefore a compromise between the is the needhwduds the requirement of long range
bullets with best penetration effect. For that sbhant shape is analyzed, which had advantages
of both.
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