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Effects of Spraying Parameters on Droplet Deposition Performance

DING Suming' XUE Xinyu' DONG Xiang® GU Wei' ZHOU Qingging'
(1. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China
2. Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China)

Abstract; In order to research on the effect of different spraying modes of fan nozzle on spatial deposition
of droplet, droplet size measurement test device and deposition distribution test device were established
by using NJS —1 wind tunnel for plant protection. The droplet size measurement test device was mainly
composed of spray system, laser particle size analyzer and so on. The nozzle was mounted on the vertical
reciprocating guide rail with the moving speed of 6. 7 cm/s and the horizontal distance between the nozzle
and the laser beam was 30 cm. During the tests, the spray pressure was firstly stabilized, and then the
laser particle size analyzer was turned on. In order to sample the entire spray stoke area, the spraying
nozzle was controlled by a single-chip microcomputer to move at a certain speed. Droplet deposition
distribution test device was mainly composed of spray system, wind tunnel system, acquisition system and
so on. During the tests, the flow rate of the spray nozzle was controlled by an electronic timer to open/
close the solenoid valve to ensure that the spray time of each test was fixed at 10 s. The fluorescent tracer
BSF was selected as the spray medium and was mixed with water at the ratio of 0.30 g/L. After each
spray test, the collection line was placed in the plastic bag with 30 mL deionized water for full oscillation
washing, the amount of fluorescent agent content was determined by the calibrated fluorescence analyzer
for each test eluent. The LURMARK — 04F80 standard fan nozzle was used in the drop-size distribution

and deposition performance tests. The effects of spray pressure and wind speed on droplet size and the
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influence of wind speed, spray pressure, spray orientation and nozzle direction on droplet deposition were
investigated. Three calculation models were employed to compare different influence factors of droplet
drift reduction percentage. The results of droplet size distribution experiments showed that at the same
wind speed, the increase of spray pressure would cause the decrease of D, ,, D, s and D, , and the
increase of @, ., but minor changes of droplet spectrum width S; under the same spray pressure,
the increase of wind speed would cause the increase of D, , and D, 5 but minor change of D ,, the
decrease of @, _,y,, and droplet spectrum width S was from 1.44 to 1.17. The results of droplet
deposition distribution tests showed that when spray pressure was increased from 0. 2 MPa to 0. 4 MPa, in
the plane parallel to spray direction,the droplet deposition was increased at 2 ~3 m from the spray nozzle,
droplet deposition was decreased when spray pressure was increased far away from the nozzle, in the
plane vertical to spray direction, the droplet deposition was increased at 0. 1 ~0. 2 m from the ground and
increased when spray pressure was increased, in the middle position, the droplet deposition was
decreased when spray pressure was increased, the droplet deposition was close to zero at the height
nearest to the nozzle. When wind speed was increased from 1 m/s to 5 m/s, the droplet deposition was
increased on both planes parallel and vertical to spray direction; when the nozzle direction was changed
from —15° to 15°, the droplet deposition was increased on both planes parallel and vertical to spray
direction; when the nozzle direction was changed from 0° to 30°, the droplet deposition was decreased
with the increase of nozzle direction on both planes parallel and vertical to spray direction with minor
difference. Compared with the reference spray, the values of DPRP obtained from three calculation
models showed that spray pressure, wind speed and spray orientation greatly influenced the droplet drift
reduction percentage, especially the cross-wind speed. This study can provide experimental data guidance
for the selection of spray parameters for spray operation in the field.

Key words: nozzle; droplet deposition distribution; spray parameter; droplet size; wind tunnel
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Tab.1 Experiment design of droplet distribution

e Ak K
L. WEEH/ ORE/ FWM/ WEkMims
e MPa (m-s™ 1) (°) ()
1 0.2 3 0 0 3
2 0.3 3 0 0 11
3 0.4 3 0 0 3
4 0.3 1 0 0 3
5 0.3 5 0 0 3
6 0.3 3 -15 0 3
7 0.3 3 15 0 3
8 0.3 3 0 15 3
9 0.3 3 30 3
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Tab.2 Spray flow rate and droplet size distribution

under different spray pressures

FES7 W/ ks

MPa (m+s™') (Lmin™") pm wm wm /%

0.2 3 1.281  122.74 291.56 486.68 6.21 1.25
1 94.02 221.51 415.07 12.05 1.44

0.3 3 1.606  99.62 239.25 419.72 10.10 1.33

5

3

DVO. 1 / DVU. 5 / DVU. 9/ (I)l’ul <100 pm

108. 17 254.92 407.25 8.15 1.17
1. 860 88.14 204.02 355.79 13.86 1.31
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Tab.3 Droplet deposition distribution under different spray conditions along vertical and horizontal directions

pL/L
A L g
i v, v, v, v, V,(I;T )i = JHZ H, H, H, H,

1 00 0+0 1053169 251.410.0 315.8«13.4 1946152 100.4=11.4 33.1+7.0 4.9+3.0 00
2* 00 00 33.426.0 454.6+12.4 589.010.8 255.4+6.9 80.1+16.4 20.6+9.2 12.1+5.9 00
3 00 00 0+0  509.0%11.6 705.0+15.9 176.3+14.6 52.6+6.2 21.429.0 15.9%7.1  0.60.3
4 00 00 00 00 199+2.8 15.6+3.8 00 00 00 00
5 68.2x4.2 340.1+12.7 447.7+9.1 625.5+11.2 713.0+12.3 413.2+15.0 223.6+16.2 163.7=14.9 136.6 +18.8 111.7 £15.9
6 00 00 0+0 351.7+8.2 383.6+14.1 101.8=12.1 19.9+6.8 0+0 00 00
7 00 52.0+4.5 143.8+4.5 515.0+9.8 556.3+8.7 3742131 100.7+82 49.2%12.5 147227 590
8 00 0+0 0+0 450.2£8.9 576.0+8.4 270.0+12.1 45392 9.9x7.5 00 00
9 00 0+0 0+0 4533116 516.8+16.8 271.5+17.3 49.0£10.0 4.4+2.0 00 00
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Fig. 6  Drift potential reduction percentages under different spray conditions
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