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Table 1 Main technical parameters of goose-neck long-range

air-assisted sprayer for nursery

24 Parameter Bl /25 Value/Type
AMER S (KexBixim)
Overall dimensions (lengthxwidthxheight)/mm 2500~1 5802510
KMLFEE Fan type B0 AL
I3 4472 Longest range/m 25.0
R Liquid pump type R
ZiFA 257 Pesticides tank volume/L 300
1553k 75 Nozzle model QYIX
1553k Number of nozzles 7
2242 Radius/m 0.2
tHAH A F“Ea‘?”ll jecti / 13.0~20.0
Air outlet A 54 Injection range/m . I
fH 2R 2242 Radius of curvature/m 0.24
1% Radius/m 0.125
HRn B Dﬁﬂq‘?*[illl jecti / 8.0~16.0
Air outlet B % 5 Y6 Bl Injection range/m . .
fh 2 2242 Radius of curvature/m 0.18
2242 Radius/m 0.075
HR C D e
Air outlet C 1% 543t Injection range/m 1.0~10.0
{1 #2242 Radius of curvature/m 0.12
JHJE Velocity/(m-s™) J& /1Pressure/Pa
48.3 662
‘ 343
242
’ E
0.0229 ~594

c. Jk )14

c. Pressure distribution

MIBAy BsER

Fig.2 Model structure and simulation result
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RS BRB AR m P, B v=1.00 m/s; a=0.066~
0.0807,  ONASBETHH XS EE 2Bk, L 0=0.070;
L,=20.0m. L,~13.0m. L=10.0m: R,=2.3 m. R,~1.8 m.
R~15m. KL ESHARAR (1) B3 HROTFHR
WIEE 5 H KO ER RN

Vi =2.744/Rop +0.888 (3)
Ve =1.561/Roc +0.656 4
At

B 2 K

& Effective area of S8 A S Sa¥

VE: vy NENATE R RS, msTs v, AR A CPRSRGEE,
ms™y v AHKE BSPESRGEE, msT ve AHRA CFRIEE,
ms; L, AT A HERWOE S, m; L, NH XD B HERBHEE, m;
Le AW C HARBIHE B ,m; R, AHME A 42, m; R KT C
UL ST ITEE S, m: o, HHUA D A doG s EEEDE E L EIEERS, m;
rp AR B L EREEE ERMAER, my e RO C ol 2E
Z LHMREE, m.

Note: v, is air velocity when reaching the canopy, m's'; v, is average air

velocity of outlet a, m's™; vy is average air velocity at outlet B, ms’'; Ve is

average air velocity at outlet C, m's '; L, is target spraying distance of air outlet
A, m; Ly is target spraying distance of air outlet B, m; L. is target spraying
distance of air outlet C, m; R, is radius of air outlet A, m; R, is distance
between the center line of air outlet C and the ground, m; 7, is distance from the
center height of air outlet A to the upper part of canopy, m; r; is distance from
the center height of air outlet B to the upper part of canopy, m; r¢ is distance
from the center height of air outlet C to the upper part of canopy, m.
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Fig.3 Schematic diagram of free submerged jet
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Table 2 Results of air velocity variance analysis

KB FI5 A HE  HEE
- Sumof Degreeof  Mean F P
Source
squares  freedom square
7 Height 127.89 1.0 12789 42.04 8.08¢”
g ¥F B Distance 95.84 1.0 9584  31.51 3.09¢7
b. AN URH R A 1o FE < PR 04
b. Distribution of sampling points of airflow velocity in external flow field Heightxdistance 47.05 1.0 47.05 15.47 1.83e

Bs RAFESHH
Fig.5 Sampling point distribution map
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RNBEE G E. FXEASGE YOZ FHE N 0.0~20.0 m {1
Bl P9 1 S R, PR BSBEZEHL 1.0 m &b JF 4G, 75 Y 5
) _EAERE 1.0 m BB — MR A, WE 4 AN EE R
W, AN RAE SR 3 IRECF M, KA S AW Sb
Fim o

ARG TR 3 A B A A T 2 R Ak 4 R
Kl 6a, FIH1, KL 2200 t/min B, HXE A P

ia‘z: BEMKTFH0.05. FF. Note: The significance level is 0.05. The same
clow.

AR A T F R UUR A S AR R, KA
B RE (CV) RN A, CVEBRERT 0
fRF 35 50 P 4rPO. w25 ML PR B R R vk — A
1.0~3.0m, & 3.0~20.0 m 8 B P07 24 B 15
HAR S R 323 R A 8] & A2 EXGE B 5 A
BIStE, 0.8 m = PRy 2.33 m/s, 7E 20.0 m 4b
RIEA 1.74 nvs, Ahaee 2330 2 PER, AR E
B RGE AR S RN T 30%, Ul B RE R IR g1 H
P51, AURLRE LAY S [T R A5 A S5 A AT
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Table 3  Airflow velocity uniformity test results

- Tz THIE TR
PR 37.95 mis, WA B FEIGEN 3063 mis, B megm S et Cotfntof
M C P3N 21.77 m/s; KALEL 3 N 2 400 r/min B, 23 1.03 422 2441
HRUET A CF 3 X Y 42.48 m/s HY XU T B T2 R Ay s i 423 e
33.60 m/s. AT C PRI RGE A 23.70 mis. 24 RUHLEE % 08 0.69 233 201

KFEETF 2200 r/min B, 3 ASH R RSB L 2.2 155
T B R ES T 20.0 m W %A

B 6b Sy 1) AN [R] v P R AR AL, 78 Bl 1) AS [ s
by SR 3E IRU B SRR R Sk R R 3G RN . 3 2
R S PR B X SR R ) T A A R, R
%t M A B PRSI (P<0.05) . FEE H KT 0.0~
6.0 m Ab-F- 35 KU DA FE 32 8, A9 T L 3 e S ek 3
WPl E 6.0~12.0 m YT N RGEE TP, H_ENER
AFE, E 12.0~20.0 m &b XUd 2 I8 T B 3
R EAE TR AE 2.00~4.00 m/s J0FE . 48 T DL IT

32 EEARSmNE

TR AR I AR K 2 A KB A 3 AN X,
XA — VR RGE J7 1] 0.0~6.0 m X4, X3 = N Us R,
15 J71 6.0~ 12.0 m 1 X 38, X3 = N HT KL T7 W
12.0~20.0 m (A X3k ¥ X J5 A4 0.5 m. % Y5 A&
0.5 m i & —MEetr, LTF, FIHAIIHWE 7 s,
WIGHT, WEedEHnfeh b, 78 b E F4 K/, R
BEILCID, FRERD K AR [ fE R AR B . RE30E S
FE B B RS T ML L 1.0 m/s P33 B 20 347 T gk 47 5% 5%
AHLELIE 2400 t/min, W% 55 45 W5 F K % L 7ok AT
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Fig.7 Droplet deposition test
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using machine
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Fig.9 Field test
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Table 4 Variance analysis of coverage per unit area

Sy Rl HihE  BhE
- Sum of Degree of  Mean F P
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squares  freedom Square
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1.0 0.067 0.059 0.062 0.060 0.081 0.064 0.382

2.0 0.037 0.035 0.046 0.034 0.041 0.038 0.227

3.0 0.014 0.019 0.037 0.039 0.030 0.027 0.159
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Design and test of goose-neck long-range air-assisted sprayer for nursery

QIU Wei' , ZHANG Kailun! , LYU Qiang? , HUANG Xirong' , DENG Yujia! , ZHOU Liangfu® , SHI Yu!

(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China; 2. Citrus Research Institute, Southwest University,
Chonggqing 400712, China; 3. Nanjing Vocational University of Industry Technology, Nanjing 210023, China)

Abstract: Plant nursery presents the characteristics of close planting. It is difficult for the traditional air-assisted sprayer to take
into account the dual requirements of "long spray range and uniform droplet deposition", which leads to the problems of low
deposition and drift.A goose-neck long-range air-assisted sprayer for nursery was designed based on CFD simulation and free
submerged jet theory. The three-outlet flow guide device, as the core component of the sprayer, has outlets A, B, and C. Air
outlet A adopts a circular arc shape, while air outlet B and air outlet C are gradually expanding circular arc tubes. The three air
outlets are interconnected and correspond to different areas, which can meet the requirements of far-range spray operation. The
optimized curvature radius parameters are conducive to maintaining a uniform and stable flow state of airflow. Based on the
free submergence jet theory, the air outlet and fan parameters were determined, and airflow field distribution measurement
experiments were conducted. when the fan speed is no less that 2 200 r/min, the airflow speed can fit the spraying requirement
as far as 20 m. The average airflow speed was 2.33 m/s at a height of 0.8 m ; the airflow speed was 1.74 m/s at 20.0 m. The
variation coefficient of airflow speed at different heights was less than 30%, indicating that the energy attenuation rate was
slow and uniform, and the airflow could carry droplets to spray far away at a uniform speed. The droplet deposition test shows
that the variation coefficient of the droplet deposition amount of the goose-neck long-range nursery air spray is 28.87%. To
ensure the reliability of our findings,a comprehensive field test of the sprayer were conducted. Citrus seedlings, with an average
height of 80 cm, were chosen as the test subjects, and the test was carried out in the nursery of the Citrus Research Institute of
Chongqing Southwest University. Following the guidelines of GB/T17997-2008, the droplet deposition effect and drift rate at
various distances were tested .The experimental results show that the fan speed of the sprayer is 2 400 r/min and the driving
speed is 1 m/s; the droplet deposition tends to be less-more-less with the increase of distance. The droplet coverage rates of the
upper and lower leaves of the canopy were 51.93% and 24.38%, respectively, and 42.99% and 19.26%, respectively. The
average droplet deposition on the front and back leaves of the upper canopy was 13.34 and 2.82 pl/cm’ respectively, and that
on the lower canopy was 5.44 and 2.63 pl/cm?, respectively, which met the requirements of plant protection spraying operation.
It can be seen that the sprayer shows good spray range performance and droplet deposition uniformity, which can meet the
agronomic requirements of the complex planting environment in the nursery and the industrial standards of the air-assisted
sprayer. At present, in Chinese nurseries such as citrus, pear, and apple, etc, manual machinery accounts for a large proportion
of spraying equipment, and the demand for specialized sprayers is becoming increasingly urgent. Due to the close planting
mode of the nursery, it can be considered that the two modes of spray with high clearance spraying and long-range airflow-
assisted spraying have application prospects. Compared with high-clearance spraying, long-range airflow-assisted spraying has
the characteristics of high operating efficiency and good horticultural trafficability and is more suitable for small and medium-
sized nurseries. However, improving the delivery distance of aerosol flow while ensuring good uniformity of droplet deposition
is still a challenge. The results of this study can provide a new idea for developing a long-range air-assisted sprayer for nurseries.
Keywords: pesticides; spray; nursery; air-assisted application; goose-neck air outlet; long range
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