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Performance Comparison of Several Air Gun Projectiles with Nose Shape
Modification
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Mechanical Engineering Department, Ferdowsi University of Mashhad, Mashhad, Iran
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ARTICLE INFORMATION ABSTRACT

Original Research Paper One of the important issues in shooting by air guns is to select the appropriate projectile for different
Received 11 November 2017 distances of the target. In this paper, the performance of four samples of air gun projectiles (pellets) is
Accepted 19 February 2018 studied. In the provided code, the motion of these projectiles is assumed in four degrees of freedom

Available Online 10 March 201 SPUIEE ‘ ! . ; : cgre
vailable Online 10 March 2018 including three translational motions and one rotational motion. The considered projectiles have three

calibers of 4.5, 5.5 and 6.35 mm, and four different types, namely flat nose, sharp nose, round nose and

ﬁ?,ygfr:d;,'ojecmes spherical. In order to numerical simulation of the problem, after these projectiles have been modeled
Performance comparison geometrically, the 3-D compressible turbulent Navier-Stokes equations and dynamic equations of the
Nose shape modification projectiles motion are solved in a coupled form and in a moving computational grid. The numerical
3-D numerical simulation simulation is based on “Roe” scheme with second-order accuracy in space and time using a finite

Non-stationary solution . N .
y volume method. To validate the computer program operation, the results are compared to valid

experimental data. Computed results describe the trajectory, velocity variations and altitude loss of the
projectiles with time and location. Comparison of the projectiles performance including the trajectory,
velocity variations and altitude loss indicate that the round nose projectile has the best performance in
long distances compared to the other samples and the flat nose projectile has a great performance in
short distances, while it has a weak behavior in long distances. Additionally, effect of nose shape on the
performance of the sharp and round nose projectiles is investigated and the optimum nose shapes are
obtained.
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Fig. 11 Comparison of the 4.5 mm-caliber projectiles drag coefficient
against horizontal motion component

88l adle o 45 MM LI 0 ball sl (o o anlie 11 S

-5 >
04
Spherical
el Flat nose
E —e— Sharp nose
(&) —e— Round nose
0
024
04 T - : - " —
0 10 20 30 40 50
x (m)

Fig. 12 Comparison of the 4.5 mm-caliber projectiles lift coefficient
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Table 2 Comparison of the projectiles performance at 10 m distance

)95 Py gl cél e o Ole

abyy el
(kgm/s) (cm) (s)
0.126 0.544 0.0333 CSS
0.155 0.564 0.0339 S g
0.156 0.561 0.0338 TRy
0.144 0.608 0.0352 $95

Sy 25 alols ;o sl o Slos annlie 3 Jgoo
Table 3 Comparison of the projectiles performance at 25 m distance

)95 2 Py gl cél e o e iy ol
(kgm/s) (cm) (s)
0.107 4.07 0.0911 CS
0.145 3.789 0.0879 S g
0.150 3.660 0.0864 TRy
0.132 4.21 0.0927 &5

S e 35 alols jo sl 5 o Slos annlio 4 Jgoo
Table 4 Comparison of the projectiles performance at 35 m distance

3,57 5 pyies gLl dl s b 0o Ay ol
(kgm/s) (cm) (s)
0.097 8.89 0.135 CB s
0.139 7.75 0.126 S g
0.146 7.40 0.123 XLz
0.126 8.77 0.134 &5
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Fig. 27 Nose shape configurations for sharp nose and round nose
projectiles
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Fig. 25 Trajectory of 5.5 mm-caliber projectiles in vertical x-y plane
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Fig. 31 Variations of altitude loss (Y) for the round nose projectile with
respect to nose curvature
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Table 6 Modified nose angles which lead to minimum altitude loss and
maximum M/Y for the sharp nose projectile

M M;LA le)—,’ g 4—),5‘)' leﬂ Ao 4?«5‘). )‘.Jlf a)'L.\jl
Y a3 RO PONEA (mm)
42° 45° 4.5
40° 50° 55
40° 55° 6.35
0.15
| Caliber (mm)
1 —e— 45
0.135-
1 —e— 55
1 —— 635
0.12-
b ]
0.105-
0.09-
0‘075‘,....,....,....|.1..,...',.1.‘I
20 30 40 50 60 70 80
a (deg)

Fig. 28 Variations of altitude loss (Y) for the sharp nose projectile with
respect to nose angle
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Fig. 29 Variations of hit momentum (M) for the sharp nose projectile
with respect to nose angle
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Fig. 33 Ratio of hit momentum to altitude loss for the round nose
projectile with respect to nose curvature
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Table 7 Modified nose curvatures (;7) which lead to minimum altitude
loss and maximum M/Y for the round nose projectile
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