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Abstract

Aiming at the problems such as small spray quantity, insufficient spray height and scattered spray
of environment-friendly fireworks machine, the flow characteristics of its air supply system were
analyzed and improved by CFD numerical simulation. It was found that the deviation of centrifugal
fan caused by centrifugal force was an important reason for the poor spray effect. Therefore, a
new structure is proposed to reduce the deviation of centrifugal fan. Finally, the effectiveness of
the new structure is verified by spray experiment. The results show that the deviation of the cen-
trifugal fan is an important reason for the poor spraying effect. The proposed new structure not
only reduces the deviation of the wind in the centrifugal fan pipeline and at the outlet position, but
also increases the mixing degree of oxygen and fuel and eliminates the vortex phenomenon in the
pipeline, and finally improves the spraying effect. From the numerical point of view, the deviation
degree of the maximum wind speed at the outlet of the new structure is reduced by about 70%.
Finally, it is concluded that the fan speed does not change the of the outlet velocity distribution
gradient, but increases the maximum dynamic pressure at the outlet nonlinearly. This provides a
reference for similar usage scenarios in the future.
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Figure 1. An environmental protection fireworks machine
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Figure 2. Three dimensional model of two schemes

2. WM R=HEIER

»dn

Figure 3. Three dimensional fluid model of two schemes
3. MG RIS = 4R

DOI: 10.12677/met.2023.121002 11 IR AN ST N


https://doi.org/10.12677/met.2023.121002

3. {RERRIALIE
3.1. Mg

Fa RP 7 S BRI SN RUAR O LA R, R 22 TR RS X AT IR Rl 7, IF LA 8l
EAVEE X SR PR TE RN EAT T I, 4 Prondom i D sl RS MRS R R .

100 - - JETTR - Sl TR
90
80
70
60
50
404
30

201 A

104
O T T T T T T 1

0 10 20 30 40 50 60 70
W oy ()

Figure 4. Grid independence verification
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Figure 5. Two scheme mesh models
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Figure 6. Outlet velocity distribution (N = 10,000 rpm)
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Figure 7. Velocity vector distribution in the core region (N = 10,000 rpm)
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Figure 8. Velocity size distribution in the core region (N= 10,000 rpm)
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Figure 9. Velocity size distribution corresponding to different openings in the core region
(N =10,000 rpm)
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Figure 10. Velocity eccentricity diagram
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Figure 11. Eccentricity of maximum velocity at the exit of two schemes
11. FA#E R O R KEE R OE

4.3. HORMERNIELS 24

N T R B AT DASCGE A AN ), BRE T SRR AT T U . iRAEAA SR S R
ATHN: SRR R RS, A e RIS S,
T 12 45T KRBLEEE Y N = 10000 rpm iR 7 285 e 5 % B SR R L.

DOI: 10.12677/met.2023.121002 15 IR AN ST N


https://doi.org/10.12677/met.2023.121002

P 12 T KL [, ook 77 S0 F 3l e f R A 90.1 Pa, U 75 48 56.3 Pa 27t 1 ik
60%, JEKEZALUTFPA: — 2B AEMETTFRK d=17.5 mm EKH] 7 d = 14 mm, HEHEA R &
T AT 36%:; AN T SETE IR BT R RS T RE R

N T TEIEMT UL B0 KN S H OB R R, & 1 Gl 7T RS T RaE%HE N =
5000~15000 rpm it F B KB st &1 13 45t 1 AH R B

Table 1. The maximum outlet dynamic pressure of the two schemes under

different fan speeds
= 1. AAREARRNEETEOASKEEE

5% th FE KB s (Pa)
J5 5 % Bt g

5000 13.1 21.2 61.83%
6000 19.1 31.2 63.35%
7000 26.4 431 63.26%
8000 35.0 56.9 62.57%
9000 45.0 72.7 61.56%
10,000 56.3 90.1 60.04%
11,000 69.2 108.9 57.37%
12,000 83.4 129.3 55.04%
13,000 98.6 151.4 53.55%
14,000 115.0 175.3 52.43%
15,000 132.5 199.6 50.64%

Dynamic Pressure (Pa) Dynamic Pressure (Pa)

0.00 8.05 16.1 24.1 322 40.2 48.3 56.3 0.00 12.9 25.7 38.6 51.5 64.4 77.2 90.1
(CREWIES (b) ST =

Figure 12. Outlet dynamic pressure distribution (N = 10,000 rpm)
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Figure 13. Comparison of maximum outlet dynamic pressure
between the two schemes under different fan speeds
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