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Numerical Simulation for UAV Electrostatic Spray Technology Treating Open Dust
Gao Chunxue! Yang Shu! Wu Songlin' Liu Qiuxin'?
( 1.Wuhan University of Science and Technology, Wuhan, 430065;
2.City college, Wuhan university of science and technology, Wuhan, 430083 )

[ Abstract]  Electrostatic spray technique combined with UAV technology was used to treat open dust, and the diffusion model
of dust was numerically simulated with Fluent in this paper. The simulation shows that the airflow generated by the rotor of the
UAYV at 7m height and under the spray pressure of 0.2MPa, the average dust reduction efficiency of the electrostatic spray of the
drone can reach 85.87%. When the natural wind speed is 1m/s, and the relative humidity of the air is 70%, the dust reduction
efficiency in the local area reach up to 95.93%.The drone electrostatic spray control open dust technology proposed in this paper
has good dust-reducing effect and is of great significance to the development of heavy metal pollution dust technology.
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Table 1 Dust concentration test results

- W ORRERT CRFER o e £S5 O - v
X . I e DRETEE SRR - e =EE
- WE CREEIT R JEIEM JEIR iy = KRR sEhReh AERRALE YT ¥/ DIREE
N = = j B Lj N . e = e
JC HAEE % R RE 7 7 omin SR VL MRRE Yp!
J= o L/min L/min mg/Nm?
5 Gymg  Gymg Vo/L mg/Nm?
1 97.4 98.0 22.1 21.06 20 421.2 4323 1.40
183 10:00 1.75
2 97.5 98.4 21.8 20.78 20 415.6 426.6 2.11
3 99.8 100.6 21.8 20.80 20 416 422.8 1.77
21.2  11:00 1.89
4 97.5 98.3 21.9 20.87 20 417.4 424.2 2.00
5 97.6 98.5 21.8 20.78 20 415.6 421.1 2.04
22.1 12:00 2.15
6 96.9 97.8 21.6 20.58 20 411.6 417.0 2.26
7 99.4 99.8 22.1 20.98 20 419.6 4233 0.96
234 13:00 0.89
. 8 98.5 98.8 21.7 20.69 20 413.8 417.4 0.81
9 99.5 99.8 22.1 21.08 20 421.6 423.7 0.76
245  14:00 0.86
10 98.6 99.0 21.8 20.77 20 415.4 417.5 0.97
11 99.2 100.1 21.9 20.91 20 418.2 421.4 2.03
23.7  15:00 2.02
12 96.8 97.7 22.2 21.16 20 423.2 426.5 2.01
13 97.7 98.6 21.8 20.81 20 416.2 420.0 2.22
233 16:00 2.09
14 99.4 100.2 224 20.99 20 419.8 423.6 1.97
15 96.7 97.5 21.9 20.93 20 418.6 423.0 1.88
229  17:00 2.06
16 97.7 98.6 21.7 20.71 20 414.2 418.5 2.25
17 97.4 97.9 21.8 20.80 20 416 427.0 1.11
183 10:00 1.33
2 18 97.7 98.4 22.6 20.98 20 419.6 430.7 1.56
212 11:00 19 94.7 95.2 22.2 21.19 20 423.8 430.7 1.25 1.20
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- W CREET B JREERT DERRR w1, RL KRR, sEBrsh dRRGLE R Y AR
P = /! B Lj P . = =1
#°C GEEFIE] gm0 RE i ’ 7 la¢min SE V/L [HIRE Yp/
=t . L/min L/min mg/Nm?3
5 Gymg Gymg Vo/L mg/Nm?3
20 95.8 96.3 22.5 20.63 20 412.6 419.3 1.15
21 94.2 94.8 22.1 21.13 20 422.6 428.2 1.46
22.1 12:00 1.30
22 96.4 96.9 21.9 20.98 20 419.6 425.1 1.14
R HERENAE
_ e OREERT CRMERE . N, oS R SEH) 5
x o R e, ULEIFEE SEPRA o . =1Em
- W CREET B JREER DERRR i .y KRR, sEhrsh ARRGLE Ak V) IR
N N = = = / = J N . = = Eo¥
0°C BRI % RE R N T il gmin SR VL REAE Yp/
=t L/min L/min mg/Nm3
T Gy/mg Gymg Vy/L mg/Nm?
23 93.2 93.4 21.8 20.85 20 417 420.6 0.49
234 13:00 0.40
24 97.6 97.7 21.6 20.65 20 413 416.6 0.32
25 94.8 95.1 22.1 21.12 20 422.4 424.5 0.62
245  14:00 0.44
26 93.8 93.9 21.8 20.87 20 417.4 419.5 0.26
27 98.5 98.9 21.7 20.78 20 415.6 418.8 1.01
2 237 15:00 1.04
28 97.6 98.0 21.6 20.65 20 413 416.2 1.06
29 94.6 95.1 21.6 20.64 20 412.8 416.5 1.19
233 16:00 1.48
30 96.5 97.2 21.9 20.91 20 418.2 422.0 1.77
31 95.3 95.8 22.1 21.15 20 423 427.4 1.20
229 17:00 1.41
32 95.8 96.5 22.0 21.06 20 421.2 425.6 1.61
33 98.4 99.2 21.8 20.82 20 416.4 427.4 1.91
183 10:00 1.94
34 93.9 94.7 21.9 20.93 20 418.6 429.6 1.97
35 94.8 95.6 22.0 21.02 20 420.4 427.2 1.87
212 11:00 1.65
36 96.7 97.3 224 21.43 20 428.6 435.6 1.44
37 96.2 96.9 21.6 20.63 20 412.6 418.0 1.59
22.1 12:00 1.83
38 97.2 98.1 21.6 20.66 20 413.2 418.6 2.08
39 98.1 98.5 223 21.32 20 426.4 430.1 0.86
234 13:00 0.77
3 40 94.9 95.2 21.8 20.83 20 416.6 420.2 0.68
41 95.5 95.8 22.1 21.08 20 421.6 423.7 0.75
245  14:00 0.78
42 98.2 98.5 21.8 20.84 20 416.8 418.9 0.80
43 96.3 96.9 21.3 20.35 20 407 410.1 1.56
23.7  15:00 1.94
44 97.5 98.4 21.1 20.16 20 403.2 406.3 2.32
45 96.8 97.6 21.9 20.95 20 419 422.8 1.95
233 16:00 1.82
46 94.6 953 21.1 21.19 20 423.8 427.6 1.69
47 95.2 95.9 223 21.32 20 426.4 430.8 1.54
229 17:00 1.83
48 95.9 96.8 21.7 20.73 20 414.6 418.9 2.13

MAREE Rt M THXAM 1 SRESET  FXREP 3 5 KA S TAER R A& AR ERE
YRR Y& RIR R EE 1.7mg/m® 2 2.2mg/m3 2 7E 1.7mg/m3 & 2mg/m3 2 [i], 3 MRS EHR
B, AL T EEFRIAR 2 SR SAETENBANS SRS RRE. AP RRER TN, &8T5 %,
PIRIEFGEE Img/m3 & 1.5mg/m3 2 8], i+ FF ANV, =i, S F BRI A
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Fig.3(a) Cloud chart of dust diffusion speed without wind
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Fig.3(b) Dust diffusion model without wind
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Fig.4(a) Cloud chart of dust diffusion velocity at 1m/s

wind speed
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Fig.4(b) Dust diffusion model at 1m/s wind speed
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5 (a) KRR 2nvs B LY BURE & [
Fig.5(a) Cloud chart of dust diffusion velocity at 2m/s

wind speed

5 (b)  RURA 2m/s BT A BE R
Fig.5(b) Dust diffusion model at 2m/s wind speed
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Fig.6(a) Cloud chart of dust diffusion velocity at 3m/s

wind speed
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Fig.6(b) Dust diffusion model at 3m/s wind speed
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Fig.7(a) Velocity cloud chart of UAV at v=0m/s
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7 (b)  FTAHLEE p=40%BETHIRE =B
Fig.7(b) Concentration nephogram of UAV at ¢p=40%
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Fig.7(c) Concentration nephogram of UAV at ¢9=70%
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Fig.8(a) Velocity cloud chart of UAV at v=1m/s
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T AHFE p=40%RTHYIRBE = B
Concentration nephogram of UAV at ¢=40%
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Fig.8(b)
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Fig.8(c) Concentration nephogram of UAV at ¢=70%
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B9 (a) FAHIE v=2nvs BIHRE RE
Fig.9(a) Velocity cloud chart of UAV at y=2m/s
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Fig.9(b) Concentration nephogram of UAV at ¢=40%

B9 () FAWIE o=70%FTHIRE = E
Fig.9(c) Concentration nephogram of UAV at ¢p=70%
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Fig.10(a) Velocity cloud chart of UAV at v=3m/s
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Fig.10(b) Concentration nephogram of UAV at ¢=40%
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Fig.10(c) Concentration nephogram of UAV at ¢=70%
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Fig.11 Layout of measuring points
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Table 2 Concentration value and dust reduction efficiency of monitoring points

AR AR FE
W W2 W3 A 4 WA S WS 6 N
SRR R R AR
om W% 55 i 5 0.9118 1.8237 0.4147 0.622 1.5197 1.2158 81.79%
v=U0m/s
W5 5 R 0.1814 0.2592 0.076 0.152 0.2333 0.2073
p=40%RH N
by g 80.10%  85.79% 81.68% 75.57% 84.65%  82.95%
om % 55 i< 0.833 1.1106 1.6659 1.9436 1.3883 0.5553 85.54%
v=U0m/s
0%RH W5 5 R 0.0904 0.2035 0.0678 0.2487 0.2261 0.1357
p=10% N
by g 89.14%  81.68% 95.93% 87.20% 83.71%  75.57%
. W% 55 i 0.241 0.7229 1.2049 2.1688 1.9278 1.6868 88.21%
v=1m/s
W5 5 R 0.0304 0.0608 0.1216 0.2432 0.304 0.2128
p=40%RH N
by g 87.38%  91.59% 89.91% 88.79% 84.23%  87.38%
. W5 BTR 0.4261 0.7101 1.4202 1.8462 1.9882 1.7042 89.81%
v=1m/s
0%RH W% 55 fe e 0.0253 0.0507 0.1014 0.2028 0.3295 0.2281
p=10% N
by g 94.05%  92.86% 92.86% 89.02% 83.43%  86.62%
-~ W5 RTTR 0.2711 0.5422 1.3555 2.1687 1.8977 1.0844 85.68%
V=2m/8S
W% 55 fe e 0.0437 0.0655 0.1746 0.262 0.2401 0.2183
¢=40%RH N
by g 83.89%  87.92% 87.12% 87.92% 87.35%  79.87%
-~ W% 25 i< 0.2726 0.5452 1.0904 1.363 2.1808 1.6356 87.88%
V=2L1m/S
W5 5 R 0.036 0.0719 0.1439 0.2158 0.2338 0.1079
¢=T0%RH N
by g 86.81%  86.81% 86.81% 84.17% 89.28%  93.40%
3 % 25 i< 0.2106 0.4212 1.4742 1.6848 2.106 1.8954 83.70%
V=3m/S
W5 5 R 0.033 0.066 0.2638 0.2968 0.3958 0.2309
p=40%RH N
by g 84.34%  84.34% 82.10% 82.38% 81.21%  87.82%
v=3m/s % 55 B IR 0.4486 0.5981 1.3458 1.7944 1.9439 1.6448 84.36%
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¢=70%RH W5 25 Je R JEE 0.0701  0.0525 0.2627 0.2802 03152 0.2977
LSV ES 84.38%  91.22% 80.48% 84.38%  83.78%  81.90%
PR AR 85.87%
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