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Table 1 Verification of numerical calculation program.

Shell muzzle velocity: 75 m s!;

Input parameters

Shell mass: 0.25 kg; Shell size: 0.083 m;

Mortar tilt angle: 0°; Wind speed: 0 m s!; Drag coefficient: 0.35

Time Time to Apogee Time to
interval (s) apogee (s) height (m) impact (s)
Results of numerical
calculation 0.1 . 141.24 10.8
0.01 4.81 141.242 10.77
0.001 4.818 141.2423 10.778
Analytical solution 4.8186 141.2423 10.7782
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Calculation of exterior balistics

Input parameters

Shell mass (kg) 0.241
Shell diameter (m) 0.083
Coefficient Cpy 0.47
Muzzle velocity (m s) 35
Mortar angle vertically S, (°) 1.4
Mortar angle horizontally a; (°) 280
Wind speed (m s) 4
Wind angle vertically 8, (°) 90
Wind angle horizontally a; (°) 280
Time interval (s) 0.01
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Fig. 4 Input parameters and calculated results shown on the PC screen at the same time.
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Fig. 5 Drag coefficient of sphere and spherical fireworks shell.
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Table 2 Input parameters of ballistic calculation for a dummy shell.

Example 1  Example 2 Example 3 Example4  Example 5
Shell mass (kg) 0.24 0.168 0.168 0.168 0.168
Shell diameter (m) 0.08 0.077 0.077 0.077 0.077
Average drag coefficient 0.40 0.40 0.40 0.35 0.50
Muzzle velocity vertically (m s) 73 73 73 73 73
Average wind speed (m s!) 5 10 15 10 10
160 160
0 | Example 1 140 | Example 2
. — ———Example 2 ————Example 4
120 AN === Example 3 120F /2N~ 77 Example 5
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—_ \ — i
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(b) Influence of drag coefficient

Fig. 7 Examples of exterior ballistics calculation for a dummy shell.
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Fig. 8 Influence of motor tilt angle.

(Input parameters are same as that of
example 1 but no wind)
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Numerical calculation for exterior ballistics
of fireworks shell

Dayu Ding', Yuzo Ooki, Morimasa Higaki, and Tadao Yoshida

A three-dimensional theoretical model for calculating fireworks shell trajectory was built in the research work.
A drag coefficient is assumed as a function of the Reynolds number in the theoretical model. The effects of wind
direction, wind speed, air drag, and mortar tilt angle on the trajectory can be examined by the theoretical model. A
numerical computing program was developed with the Microsoft Excel calculation. The input parameters and the
graphs of calculated results can be shown on the PC screen at the same time, after several parameters such as initial
velocity, drag coefficient are inputted. Therefore, the program is convenient and practically useful.

The optimal drag coefficient, wind speed and wind direction were easily determined with the Microsoft Excel cal-
culation by fitting calculated trajectory to that of experiment. With the method, the drag coefficient of No. 3 shell

was obtained.

Keywords: Fireworks, Exterior ballistics, Drag coefficient, Numerical calculation
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