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Simulation analysis of a spherical firework projectile

launched by compressed air

JIN Yong', ZHANG Zuowei?, ZHU Jianping®

(1. School of Petroleum and Natural Gas Engineering, Changzhou University, Changzhou 213164,
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Abstract: To improve the combustion randomness and enhance the launch stability of traditional fire-
works, the compressed air was introduced to drive the firework projectile instead of the traditional
gunpowder combustion process in this paper. A simulation model and C+ -+ program of the com-
pressed air launching the spherical firework projectile were established to simulate both the accelera-

tion process of the spherical projectile in the barrel and its free flight process in the air. Results

WFEEH: 2023-03-08,

BELWME : ®M KRB S T H (ZMF22020066) ,

TEZ /T & 986—), W, VIRV, 14, #fili. E-mail: kingdeyu@cczu. edu. cn

SIRAI: &0, AR, RET. s [ EOSIE KRG BT, # N RS2 (A R B #RRD . 2023, 35
(4); 70-76.



% 4 3 AR R R AR SR G KBy B AT « 71 .

showed that the simulation model can effectively reflect the motion characteristics and laws of the
spherical projectile driven by the compressed air. For a spherical firework projectile with a diameter of
50 mm and a mass of 105 g, a barrel with an initial volume of 50 ml. and a projectile trip of 1 m can be
employed. This spherical firework projectile can reach the desired altitude of 150 m and 200 m, when
the launching angle was set at 65° and the initial gas pressure is 2. 65 MPa and 3. 85 MPa respectively.
The research results can provide effective theoretical support for the research and development of the
spherical firework projectile launching system driven by compressed air.
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Table 1 Parameters of simulation

e HfH
RSHEE O 4% /mm 50
HLBTE/ g 105
FALATRE/mm 1 000
K/ O 60~90
SE¥s/ kg KD 287. 06
SRR 1.4
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Table 2 External ballistic calculation results
WIH B/ B K/ O
ity
(m-s 1) 60 65 70 75 80 85 90
H/m 108. 90 118. 80 127. 30 134. 20 139. 40 142. 50 143. 60
60 X/m 108. 00 95. 45 80. 05 62.75 43. 20 22.05 0
t/s 4.70 4. 90 5.05 5. 20 5. 30 5.35 5. 20
H/m 123. 80 134. 80 144. 40 152. 30 158.10 161. 70 162. 90
65 X/m 120. 35 106. 20 89. 65 70. 20 48. 35 24. 65 0
t/s 5. 00 5. 20 5. 40 5.55 5. 65 5. 70 5. 50
H/m 138. 80 151. 10 161. 80 170. 60 177. 00 181. 00 182. 40
70 X/m 132. 80 117. 00 98. 60 77.65 53.45 27. 30 0
t/s 5. 30 5. 50 5.70 5. 90 6. 00 6. 05 5. 80
H/m 154. 10 167. 60 179. 40 189. 00 196. 20 200. 60 202. 10
75 X/m 144. 50 127.75 107. 60 84. 60 58. 25 29. 90 0
t/s 5.55 5. 80 6. 00 6. 20 6. 30 6. 40 6. 05
H/m 169. 40 184. 20 197.10 207. 60 215. 40 220. 20 221. 80
80 X/m 156. 50 138.50 116. 45 91.55 63. 00 32.35 0
t/s 5. 85 6.10 6. 30 6. 50 6. 60 6. 70 6. 30
H/m 184. 70 200. 80 214.70 226.10 234.50 239.70 241.50
85 X/m 168. 00 148. 50 125. 30 97.90 67.70 34.75 0
t/s 6.10 6. 35 6. 60 6.75 6. 90 7. 00 6.55
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Fig.4 Firing height curves with different muzzle velocities
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Fig.5 Range and flight time curves with different muzzle velocities

4760 65 70 75 80 85 90

% 4 2 B F R W ARSI K K IRy A A < 75 -
000 60 m/s 75 m/s T
65m/s —— 80 m/s

5r 100 -
d=50 mm, V,=50 mL d=50 mm, V=50 mL
4 Po=2.5 MPa 80
Po=3.0 MPa
py=3.5 MPa
3 pi=4.0 MPa =601
g p=4.5 MPa i
2 £
X 2 §/ 40 p‘):ZS MPa
Po=3.0 MPa
Po=3.5 MPa
L po=4.0 MPa
! 20 Pp=4.5 MPa
Il L 1 | J
0 1 2 3 4 0 1 2 3 4 5
t/ms t/ms
Ca) JiFE-BFAN 2% Cb) -] [a] £k
5r 100 -
d=50 mm, V,=50 mL d=50 mm, V=50 mL
4} P=2.5 MPa 80
P,=3.0 MPa
p=3.5 MPa
L3t p=4.0 MPa 760
g p,=4.5 MPa : P=2.5 MPa
E £ 2,=3.0 MPa
s T 40 £,=3.5 MPa
pi=4.0 MPa
po=4.5 MPa
1 20k
0 i J 0 | | | | J
0.2 0.4 0.6 0.8 1.0 0.2 6 8 1.0
I/m I/m
Co) BEEATR I (d) HEE-fTRZk
B 6 REFHEENTHIIEEMEETL L
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Table 3 System ballistic parameters of the compressed air

driving spherical firework projectile

KAt/ po/ o/ Ey/ H/ X/ t/
(@) MPa (mes 1) il m m S
60 2. 65 70.0 257 151.1 117.00 5.50
65
% , , . , | 3. 85 85.0 379 200.8 148.50  6.35
2 4 6 8 10
po/MPa
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Fig.7 Correlation curves between the initial

pressures and muzzle velocities
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