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Optimization Design and Test of Air Delivery System for Tower Sprayer

WANG Pengfei' XU Shuo' YANG Xin' LI Shike’
(1. College of Mechanical and Electrical Engineering, Hebei Agricultural University, Baoding 071001, China
2. Hebei Nongyao Technology Co. , Ltd. , Shijiazhuang 050051, China)

Abstract; Aiming at the problems of unreasonable distribution of wind field and large loss of liquid, an
air delivery system of tower sprayer was designed and its structural parameters were optimized. ANSYS
software was used to simulate the air delivery system of sprayer, and the optimal parameters of the
rectifier plate structure, deflector taper and deflector on both sides were determined by comparing the
wind speed difference of the two sides outlet and the wind speed of the upper outlet under different
structural parameters. The experimental results showed that the influence of the structure parameters of
the rectifier on the symmetry of wind field on both sides of the sprayer from large to small was as follows
guide vane angle, guide vane number and guide vane length. The diversion table greatly improved the
symmetry of wind field. The length and angle of the baffle had great influence on the wind speed of the
upper outlet. When the number of guide blades of the rectifier plate was 12, the length was 200 mm, the
angle was 0°, and the taper of the guide table was 60°, when the contraction angle of air duct 1 was 2°,
the symmetry of wind field and vertical distribution uniformity on both sides of the sprayer were
optimized. According to the optimal parameters, the sprayer air delivery system was set up and the wind
speed test was carried out. The results showed that the relative error between the simulated wind speed
and the test value was less than 10% , and the simulation results were reliable. Field experiments showed
that the difference of droplet deposition density on both sides of the sprayer was less than 9% , that was,
the droplet deposition on both sides was uniform. The average density of droplets deposited in the canopy
of fruit trees was 75. 69 particles/cm’, which indicated that the optimized tower sprayer had good droplet
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penetration. The vertical distribution of fog droplets in the lower layer was the largest, followed by the

middle layer and the smallest in the upper layer, which was consistent with the distribution of high

spindle tree canopy. The symmetry of the wind field and droplet deposition characteristics on both sides of

the optimized tower sprayer was high, and the research results can provide reference for the optimization

of the air delivery system of tower sprayer.

Key words: orchard; tower sprayer; duct guide vane; diversion table; air conveyor; axial fan
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Fig.2  Air displacement diagram of sprayer
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Fig.5 Influence of different factors on difference of average wind speed of both sides of outlet
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Fig. 6  Simulation results of single factor test
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Tab.3 Test design and results of parameter

optimization of rectifier plate

. 5N Y/
r X, X, X, (m-s™")
1 0 0 0 3.69
2 0 -1 -1 2.45
3 1 -1 0 3.17
4 -1 -1 0 3.78
5 0 0 0 3.79
6 -1 0 -1 2.05
7 0 1 -1 1.83
8 0 0 0 3.72
9 0 1 1 4.48
10 1 0 -1 1. 47
11 0 0 0 3.72
12 0 0 0 3.69
13 -1 1 0 3.28
14 0 -1 1 4. 66
15 1 1 0 3.12
16 1 0 1 4.26
17 -1 0 1 4.47

oo Rk 2024 4
=4 FESW
Tab.4 Analysis of variance

P 3 EHAM AME  HJr F P
LY 14.34 9 1.59 373.50  <0.000 1
X, 0. 30 1 0. 30 71.32 <0.000 1
X, 0.23 1 0.23 53. 41 0. 000 2
X, 12. 68 1 12.68 2972.01 <0.000 1
X, X, 0. 05 1 0.05 11.87 0.010 8
X, X, 0.03 1 0.03 8.02 0.0253
X, X, 0.05 1 0. 05 11.35 0.0119
X2 0. 48 1 0. 48 113.12 <0.000 1
X3 0.01 1 0.01 2.09 0.1916
X2 0.43 1 0. 43 101.72  <0.000 1
25 L5 0. 02 3 0.01 4.63 0.086 5
4l 9 0.01 4 0.001 7
S 14.37 16

Y=3.72-0.195X, -0. 168 7X, +1. 26X, +
0.1125X,X, +0.092 5X, X, +0. 11X, X, -
0.338 5X; —0.046X> —0.321X; (4)

FHa%4 al, BLAY P <0.000 1, [B] 9 77 #& %
ELN L 21BN S e R (- N SE R S R
P >0.05, R AUTOA B E, 3L KRB RAFLE, IR
ZEN AL R =0.997 9, K IE R B R, =
0.995 3, Wy H23r , U6 A R 40L& R B A, B R M
BEAF X, X, X X XG0T 1 X 22 5 i A
X, X, X X X, X 07 34 XU 22 09 5 e b 2 . R
M 1) 2% A4~ PR 28 68 Wit 55 AL 96 ) JXU 11 S35 XUk 2% 5 T
/9 IS oS S N TTF IS L 6 S L 5

MR AR T A R 5O BT Bl A 5 K Y
T W 55 AL VA XL P 4 XU 2 % T U D S R
O 12 B, P B KU 22 /N (8] Ta) o 4R IR AR Y
S B R 200 mm B B S A A0 DR /)N 5 55
BILT A EB X ST 349 XU 25 3% W sl /), 3 B30 2R 12
ISP 25 X 22 d /N (B Th) o 248 i Al 5 i i oy
10 B, Bl S 00 00 070N W6 257 AL 9 000 11 X0 TS
By XU 2 B W /), R K BE 2250 mm B P 34K
RN Te) .

R AR HCRE i AR B L S 84l &, R Design-
Expert 12 #7040, 25 2 i it o 12 %0 K
JE 5 200 mm 5 AR Ry 0 B, % 55 AL 9 ) e XL
WG 2E N 1,51 m/s, 4% ER R S8l &
AR R IF EAT 05 FLRES , 07 B I T = I
T T R 2 P L PR 8 M 55 AL VR A HE XL 1T ST K
WK 14T m/s, SRACEE LM RZE N 2. 6%
2.2 SREsHMK

Ry it — 2 A B W% 25 B 2E A AN X3 53 A 1)
XFARPE , B X 300 G R KL% R G TR TR 4 A 15



11

FEMER S BB PR R gt 5K 347

0
5 SUES RN
1.0 -1.0

0
).5 SUESEEE
1.0 -1.0

PR 7 % DR 3R 3 A T X W 25 AL 0 A0 S XL 11 P 45 XU 2 52 ) ) )5 T

Fig.7 Influence of interaction of various factors on average wind speed difference of outlet on both sides of sprayer
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Fig.9  Velocity cloud images of tower-shaped deflectors under different taper deflectors
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Tab.7 Contraction or expansion angles of each air

duct under different optimization schemes (°)
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Fig. 10 Wind speed of each outlet with three

contraction angles
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Fig. 12 Velocity cloud images of tower diversion

device with different contraction angles of air duct
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Tab.8 Comparison of experimental and simulated results

HREOFS BE/ (m-s™") REME/ (m-s ") HXIRE/ %

1 14.95 15.83 5.88
2 16. 66 17. 48 4.91
3 18.53 18.94 2.21
4 24.70 26. 74 8.27
5 24.42 27.78 9.27
6 31.16 33.84 8.59
7 29.75 30. 74 3.34
8 28.63 29.83 4.20
@ 14.74 16.73 9.80
@ 16. 27 17.36 6. 68
® 18. 38 19.43 5.69
@ 24.53 25.83 5.30
® 24.58 26.95 9.62
© 27.99 28.92 3.30
@ 27.83 29.39 5.62
® 28. 38 28.04 1.19
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Fig. 13 Distribution map of wind speed measuring points
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Fig. 14 Comparison of wind speed in outflow field
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Fig. 16  Comparison of droplet deposition
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