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Design and Experimental Optimization of Spray Device for Air-fed
Annular Nozzle of Sprayer

LI Jianping' BIAN Yongliang' HUO Peng® WANG Pengfei' XUE Chunlin'  YANG Xin'
(1. College of Mechanical and Elecirical Engineering, Hebei Agricultural University, Baoding 071000, China
2. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Aiming at the problems that the traditional air-fed spraying system of sprayer is difficult to
accurately control the air volume, resulting in serious drift phenomenon and low utilization rate of liquid
medicine, a spraying system with axial fan and annular nozzle was designed. The size parameters of
annular nozzle and the installation position of nozzle were determined by CFD fluid simulation,
benchmarking test and flow field simulation in annular nozzle. Single-factor and multi-factor orthogonal
experiments were designed to study the effects of fan port wind speed, fan nozzle type and nozzle
installation inclination angle on spray effect, and then the best spray parameter combination was
determined. The results showed that the annular nozzle should be set in the center of the outlet end face
of the axial fan, and the three nozzles were evenly distributed on the annular nozzle at an angle of 120°.
Under the pneumatic action of the fan, the peak value of fog droplet deposition was in the range of 0. 5 ~
1.5 m from the fan port, and the working distance between the air spray device and the target fruit tree
should not exceed 1.5 m. The air force of the fan was helpful to refine the fog drops, but the outlet wind
speed should not be greater than or equal to 8 m/s. There was a significant correlation between the overall
spray performance and the nozzle inclination (P <0.01), and the performance of the nozzle with 60°
installation inclination was the best. The deposition density of droplets was increased first and then

decreased with the increase of fan nozzle type, and the volume median diameter of droplets was increased
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with the increase of fan nozzle type. The optimal configuration parameters were fan speed of 6 m/s,

nozzle type of 02, and nozzle installation angle of 60°. Under this parameters combination, the total

amount of droplet deposition was 5. 08 pL/cm’, which indicated that the optimized model was reliable.

Key words: air-fed orchard sprayer; axial fan; annular nozzle; spray system; orthogonal test
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Tab.1 Main parameters of T35 axial fan
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Fig.4 Wind speed measurement diagrams of

(b) KU & /5,

outlet end face of axial fan
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Tab.2 Measured wind speed at measuring point

of air outlet of axial flow fan m/s

W W 5t A5 BT AE A/ mm
a2 0 100 200 300 400
T1 5.21 6.50 8.71 9.21 5.54
T2 5.11 6.48 8.72 9.12 5.48
T3 5.15 6.45 8.65 9.24 5.56
T4 5.24 6.52 8.51 9.09 5.38
TS 5.09 6.46 8.73 9.14 5.45
T6 5.36 6.31 8. 45 8.92 5.14
b i 2 0.09 0.07 0.11 0.10 0. 14
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Fig. 6 Annular nozzle fluid simulation results
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with distance in each test group
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Fig. 10  Spray assembly of annular nozzle
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Fig. 11 Variation curves of droplet deposition

coverage with distance

*3 AEAEBNREHEBRESEBEEZNEHER
hEERE
Tab.3 Median diameter of droplet volume sprayed by

annular nozzle spray assembly with different distances

m
BB, WEERMIMA/ () |[BEES/ BELIRMIA /()

m 30 60 90 m 30 60 90
0.2 55.26 37.78 286.36| 2.2 142.96 123.98 281.16
0.4 60.32 57.00 206.84( 2.4 152.64 121.24 260.96
0.6 204.90 90.28 257.16( 2.6 167.06 144.90 241.30
0.8 321.66 225.68 192.48( 2.8 160.08 128.48 249.12
1.0 315.06 232.94 196.76( 3.0 157.16 117.16 215.26
1.2 256.50 221.44 147.06( 3.2 134.16 117.78 169.72
1.4 203.90 201.90 108.00( 3.4 128.48 120.40 162.92
1.6 224.00 208.44 280.62( 3.6 141.26 122.46 162.92
1.8 225.68 199.10 262.84( 3.8 128.48 109.08 142.96
2.0 236.06 198.54 264.68( 4.0 120.36 90.87 121.34
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Tab.4 Summary of variance analysis of installation

inclination angles of different nozzles

251 PURIES KA/ wm 4/ m 75 %/ um’®
30° 20 3535.98 176. 799 5151.06
60° 20 2 869. 45 143.473 3339. 89
90° 20 4 210. 46 210. 523 3278.17
x5 HEHW
Tab.5 Analysis of variance
R CFIM AME ¥ o5 F P
Z1n] 44 958.22 2 22479.11 5.730025 0.005 401
HIN 223613.2 57 3923.039

BRIl 268571.4 59
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Fig. 12 Spray test scene
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Tab.7 Test scheme and results of droplet deposition
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T A B c (pLeem™?)
1 -1 -1 0 1.21
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