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Design of Variable Spraying System and Influencing Factors
on Droplets Deposition of Small UAV
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Abstract; A pulse width modulation (PWM ) variable spraying system based on miniature unmanned
aerial vehicle was developed, and based on controllable multi - speed environment, a droplet deposition
test through droplets concentration method was studied for the PWM spraying system when the UAV was
hovering. The system is consisted of airborne spraying device and ground measurement and control unit.
The airborne spraying device with the MCU of STM32F103VC was remotely controlled by the ground
measurement and control unit which was developed by LabWindows/CVI through wireless data
transmission module. Frequency of 10 Hz square wave and adjustable duty ratio were evaluated to control
micro electric diaphragm pump, and then pressure and flow rate of the system were changed. The
experiments were carried on under the condition of different distance and wind speed to get the
relationship among deposition volume, duty ratio, nozzle type, and the rotate speed of centrifugal nozzle.

The results showed that wind speed was the most significant factor influencing the droplet deposition.
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Deposition volume was distributed in a parabolic type in the collection area, gradually decreased and the

deposition peak was far away from the nozzle with increasing of wind speed. Droplet diameter was not very

important to deposition when wind speed was smaller than 3 m/s. When the wind speed was greater or

equal to 3 m/s, the droplet was drifted of different diameters, and the deposition volume reduced

significantly and moved away from the nozzle. Small droplet size (101.74 wm) was much easier to be

drifted, and the peak concentration was 4 m far from the nozzle. Also the deposition volume of small

droplet size was much lower than droplet size of 164. 00 wm and 228. 16 pm. The optimization of spraying

parameters and a theoretical support to improve the quality of aviation operations were provided by the

results.
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Tab.1 Correspondence of different parameters

Pl 158 5 v B AL N RYLE T/ kPa FE 3/ (mLemin ™)
o JE/V = 1 o ® o # o K
4 0.30 18.6 14.5 8.3 1.4 280 0.6 322 1.5 350 £0.0 390 £2.0
6 0.47 30.3 27.6 15.2 2.8 354 £2.3 371 1.0 430 £0.0 511 £2.1
8 0. 64 39.3 37.2 22.1 5.5 401 £0.6 418 +2.3 503 £3.6 600 £1.5
10 0. 82 56.6 53.1 26.2 9.0 497 £2.1 492 1.2 566 £4.5 700 £1.5
12 1.00 70.3 67.0 35.9 11.0 551 1.2 554 £3.6 633 0.6 791 £1.2
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Tab.2 Droplet sizes of different parameters

m

Bk HL S P (Fe )

MR I 2 71 i L - - -
6 V(4728 r/min) 9V (7216 r/min) 12V (9 650 r/min)

0. 30 157.75 £1. 13 119.24 £0. 26 101.74 0. 74

0. 47 171.43 £0.42 134.71 £0. 10 113.00 =0. 26

H 0. 64 179.38 £0. 09 141.60 1. 84 115.95 +0.43
0.82 198.71 £2.53 154.62 = 0. 81 126.44 +1. 08

1. 00 205.92 £3.38 162.80 1. 12 130. 17 £0. 93

0. 30 164.00 2. 21 125.80 £0.94 106. 54 +0.95

0.47 179.07 £3. 54 140.72 £1. 03 116.04 1. 81

i3 0. 64 178.86 = 1. 83 140. 46 = 0. 65 117.09 £0.92
0.82 203.84 £3. 14 155.96 +3.75 128.27 £1.93

1.00 208.29 £1.74 162.09 £2. 65 129.74 +1. 80

0.30 158.96 £2.03 125.67 +1.79 105.90 = 1. 30

0.47 179.74 £3.50 138.52 +1.51 116.25 £0.57

A 0. 64 196. 60 +0. 68 151.75 £1. 38 119.50 +0.78
0. 82 209.54 £0.96 162.08 +2.53 124.17 £1.05

1.00 218.75 +1.83 170.99 £1.72 129.23 +0.42

0.30 165.83 £1.10 134.11 1. 57 110.40 £0.76

0. 47 188.96 £0.73 158.23 0. 82 122.67 +0. 36

x 0. 64 203.80 £1.05 157.76 £0.72 130. 57 +0. 86
0.82 218.38 £3.95 168.93 +0.75 135.43 +£1.39

1. 00 228.16 £0.34 173.31 +0. 30 138.56 +0. 35

2.2 EFHTASHMR

FE ¥ 3 36 77 70 A K B0 A B R R RS AT 48, )
S 0B R 1 TR 2% AT R AL AR, PR AR 9 2 2
5 I I 55 35 L 9 B DAY A B AR L A M
(228.16 pm, 164.00 pm, 101.74 wm) A 0 58 Xt
G )R XA B 8 X B i PWML A R 5 2 2R i T

SR A 5 R AT 204 o
2.2.1 Kt

DU LA 0 208 By /N 28 5 A AL L KU PWM
AR R G S 5 R AR B AL, WAL T PR
1% A Arducopter 3DR Hexas 7N iE3 o AML(1E 8) , H
BREE R STl 25. 4 em , BRESE i WL Sh WL B, HL B

L



W2 R G5 5 T DT RUR R I 5

19

CRR EH % BOUT ALK 2
HLEE A 0 ~ 10 200 v/min , 35 15 75 e 32 5 K 5%
N HEAT 5 o1 F 0 B 3 A A 1 T 2 R R T

ORI , i€ 35 JC A AL 845 78 XU 7 5 XU
(R R, g 278 55 0 R R 2 B i 0 &L 18 7 4%
WU 2 W1 Ak ) i XUJE AR O KUBL A R, KB
9.6 m, BB N 1.2 mx1.2 m, &4t 0.5 ~
10 m/s Fy A3 A0 B L AR 50 B B XU R 1.2
3.4 m/s RS0 TSk [ RE AE R JC AHLIE R 5, ik

K B, CAPLBATE RAT RO 1.2 m 2590 R 4R

FEM 13 A 10 em x 10 em Jy IR R, DL E
DMK IE T J5 9 % L R

% T X7 130. 25 m

T B2 0 A LR AR 8] 5 0 W5 Sk 22 2 4

Top view of mini-UAV and installation

Y
8

& 8
Fig.

site of spray nozzle
BEE 3 WK,
2.2.2 ERER
FHe BE 10% 0 K5 3 vk R RERE R, O i

FH| AL e 3t [13-14]
0.5m.1.0m 1.5m.2.0m.25m.3.0m35m,  RES30Tpe BBEIEREBOR AR ", Wil
h] SEr ) Y4
4.0m M FR A -0.25m, —0.5m, —1.0 m, THE 55 78 R B DT
3 F
1.5 mAb AR BUHCE RS F . R A ORI Ok A oG,
SRR R K 1 e/ L R 2 R o = (2)
collector
A Cppe—— B AL AR R EE WU,
;Lg/(:mz
Cstamlard 1:/1—1 ‘{E(%? {@—lﬂzg s ug/mL
F BN W5
F oniora— R HE TR IR 558 JEE
Vw10 VERE AT R A8 4, mL
S 2
7 UURIHR R 405 R4 Al E A B A eee—— KR AR, cm
Fig.7 Platform of deposition test and position 23 R 3 FhE KR4S 101. 74 pm ., 164.00 pm,
of acquisition card 228.16 wm T’fﬁﬂ:/ . %)‘I_LJ: E/J UL* \i R
®3 AEIATHABRARE
Tab.3 Depositions of different operating status wL/cm’
R A 101. 74 pm 164. 00 pm 228. 16 pm ABES (A 101. 74 pum 164. 00 pm 228. 16 pm
/(m-s™h) /m SEHURE PR CFHURUE | /(mesT!) /m FHPORE FRUIRE PR
-1.5 0. 000 07 0. 001 086 0.001 786 -1.5 0. 000 06 0. 000 242 0.000 118
-1.0 0. 000 06 0. 000 169 0.010 000 -1.0 0. 000 14 0. 000 505 0. 000 266
-0.5 0. 000 86 0. 058 340 0. 157 857 -0.5 0. 000 15 0. 002 903 0.001 088
-0.25 0.251 80 0.975 960 1.449 011 -0.25 0.000 11 0.001 231 0. 000 507
0.25 1.326 21 1. 664 870 0.933 956 0.25 0.001 56 0. 000 881 0.001 252
0.5 2.028 35 2.541374 2.854 396 0.5 0. 050 36 0.065 714 0. 059 563
1 1.0 0.301 07 0.410950 0.855 714 2 1.0 0.23893 0.188 214 0.219 643
1.5 0. 050 02 0.021 460 0.016 071 1.5 0.401 43 0.552 143 0.468 390
2.0 0. 002 90 0.001 209 0.000 611 2.0 0.389 29 0.705 714 0.539 370
2.5 0.002 24 0. 000 933 0. 000 295 2.5 0.251 43 0.576 786 0.397 420
3.0 0.001 87 0.001 087 0.000 212 3.0 0.121 07 0.316 786 0.207 640
3.5 0.001 12 0. 000 654 0.000 311 3.5 0.058 57 0. 181 429 0.119 745
4.0 0.001 10 0. 000 480 0. 000 250 4.0 0.017 14 0.088 571 0. 050 893
-1.5 0. 000 26 0. 000 277 0.000 311 -1.5 0. 000 05 0. 000 057 0. 000 053
-1.0 0.000 11 0. 000 160 0. 000 220 -1.0 0. 000 14 0. 000 106 0. 000 122
-0.5 0. 000 29 0. 000 399 0.000 512 -0.5 0.000 17 0. 000 600 0. 000 357
-0.25 0. 000 19 0. 000 936 0.001 930 0.25 0. 065 25 0.251 071 0. 146 932
0.25 0.000 11 0. 000 503 0. 000 920 0.25 0.001 13 0. 008 571 0. 004 398
0.5 0.001 53 0. 002 099 0. 002 937 0.5 0.002 37 0. 008 929 0. 004 954
3 1.0 0. 000 74 0. 005 986 0.012 143 4 1.0 0.000 16 0. 036 429 0.016 524
1.5 0.015 36 0. 030 658 0.048 214 1.5 0.001 89 0. 094 286 0. 040 287
2.0 0. 034 64 0.074 937 0.117 857 2.0 0. 003 93 0.217 857 0. 102 934
2.5 0. 067 86 0. 186 953 0.341 429 2.5 0.1143 0.476 071 0.236 591
3.0 0. 144 29 0. 305 940 0.538 214 3.0 0.048 21 0. 405 000 0.203 498
3.5 0.172 50 0.295 680 0.464 286 3.5 0.063 21 0.297 500 0. 126 750
4.0 0.173 21 0.263 185 0.382 857 4.0 0.101 43 0.248 571 0. 150 380
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Fig.9 Deposition distributions of different drops
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Fig. 10 Deposition distribution of drops

on variable wind speed
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Tab.4 Effect of wind velocity and droplet

size on deposition

; iz . N

IR o a5 F P
18 1 A5 7 3.426 7 0.489 2.958 0.008
e 2.136 1 2,136 12.911 0.001
JBES 2.979 3 0.993  6.002 0.001
%5 R AR 0. 042 1 0.042 0.254 0.616
Rk 5 E MR EFM 0.405 3 0.135 0.816 0.488
IR 15.885 96  0.165
Mt 21.448 104
B IE Bt 19.311 103

JRGH X RS DT AR iR W ) 880 F = 6. 002, %
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Tab.5 Analysis on deposition of different wind speeds

A/ (mes™") FEABE N P/ (ploem™?) P e 22 F P
1 26 0.432 620 635 0.797 705 527 8
2 26 0. 090 145 950 0.115204 573 1
3 26 0.035 175 673 0. 054 588 451 6 6. 081 0.001 ™
4 26 0.015 353 062 0. 026 252 887 8
Bt 104 0. 143 323 830 0.432999 279 2

o=+ EK R P{E/NT 0.01,

3 it
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