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Design and experiment of 3WZ-300 type air-assisted sprayer
for orchard with Y-typed trellis

WANG lJie, QIU Wei, DING Weimin, ZHANG Zhentao, WEN Zhenjie, SU Yongxi
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract: [Objective] This study was aimed to design a air-assisted sprayer for the wind requirement of fruit
tree with Y-typed trellis, explore the spraying regularity of applying the machine to such type of tree, and
provide references for designing plant protection equipment for the orchard with new planting technology.

[ Method] According to wind demanding characteristic of the Y-typed canopy of pear trees, a special-shaped
duct was designed. The duct could be adjusted according to different conditions, and the range of spray could
cover tree canopy completely. The whole machine was configured, and the fan speed was adjusted using a
stepless speed regulation pulley. The operating speed, outlet wind speed and height difference between the outlet
and the middle of canopy were taken as test parameters, and the droplet coverage rate on target, the droplet

deposition of target and the droplet deposition on ground were taken as evaluation indexes. The Design-Expert
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software was used to establish response surface, analyze the influence of parameters on the indexes, and

optimize the operating parameters of the machine. [Result] The optimization results showed that when the

operating speed was 0.8 m/s, the outlet wind speed was 22 m/s and the height difference between the middle part

of the air outlet and the middle part of the pear canopy was 5.1 cm, the droplet coverage rate on target was

39.79%, the droplet deposition was 9.89 pL/cm’, the droplet deposition on ground was 5.41 pL/cm’, and the ratio

of effectively attached liquid was 60.1%. [Conclusion] This machine can satisfy the requirements of orchard

operation with good spraying effect. It provides a reference for the design of sprayer for rack type orchard and

the optimization of machine parameters.

Key words: Y-typed trellis; air-assisted sprayer; optimization; coverage rate; droplet deposition
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a: MEEHEHE A
a: Structure diagram of sprayer

b: WEZAL A
b: Photograph of sprayer

1: 295 2: M52 3: AL B4 4: FEZEFE: 5: B TNl 6: B0 ML 7: SR E ; 8: Wik

1: Sprayer tank; 2: Boom frame; 3: Transmission case; 4: Plunger pump; 5: Power input axis; 6: Centrifugal fan; 7: Air guiding device; 8: Nozzle

BEl1 3WZ-300 REmZEH S FEREE
Fig. 1 Overall structure of 3WZ-300 type air-assisted sprayer

T

e 6 RHUIR 37746 th s 2 77 160 B B8 34 B 1 4 A EE SR
5: 5l 2; 6: TEIRRHREE ; 7: i 3 8: B0 AL 9: FEZETR

1: PTO of tractor; 2: Universal joint; 3: Axis 1; 4: Belt drive; 5: Axis 2;
6: Stepless speed regulating device; 7: Axis 3; 8: Centrifugal fan; 9: Plunger
pump

2 3WZ-300 RER B RS ARG SR EE
Fig.2 Transmission system structure of 3WZ-300 type
air-assisted sprayer
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Fig. 3 Replacement principle of Y-typed trellis tree
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Table 1 Parameters of 4-72-3.6¢ fan

KM H/(r-min™") HAMLTHZ kW HAEEHE/(m’h™) 4 Y /Pa
Fan speed Fan power Range of air volume Range of total pressure
2900 3.00 2664~5268 989~1578
2600 2.20 2730~4058 1009~1230
2200 1.50 2310~3434 723~881
1800 0.75 1890~2810 483~590
RHLEEE DY 2900 r/min I, T XEEE 48, BEE O RE K2 E W e 2 KT 2 SR E

TC/NTF 989 Pa, ARAGF 1 AJ 0 XML HE i X & Al ik 3|
5268 m*/h, KALIIZ 3 kW, T LB ZEHL T K.
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a: The diagram of horizontal spray
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b: The diagram of oblique spray
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Fig. 4 Comparison of spraying methods from different angles
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A: Air inlet; B: Air rectifier; C: Air outlet
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Fig.5 Schematic diagram of air guiding device
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Fig. 6 Meshing of air guiding device
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1: 2R s 2: Z9RE: 3: 1L UERS s 4: 15 713K 5: WU 6: X 7: Wik
1: Tank lid; 2: Tank; 3: Filter; 4: Pressure gage; 5: Plunger pump;
6: Splitter; 7: Nozzle

7 3WZ-300 REBZEHRE R R EE
Fig.7 Spray system structure of 3WZ-300 type air-
assisted sprayer
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Driving direction

a: HEARAT AR TR

a: Schematic diagram of target distribution
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Fig. 8 Spraying test in orchard
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42 B

FEARMV IR, S it 245 ROR (19 3 BRI R A AR
SV R TG A H X R o v R s i
AR LEE AL Y, P EEVEEY 0.8~1.6 m/s; K
IR 3 T 2 i S e B AT MY, RV ] 16~
22 m/s; HY AT iR R E e T AT AN () v B LI 4
CAR et LA i B2 P RO % o, U B B 20~
20 cm; JE L FT = IR W% S JIAE 0.25~
0.50 MPa i [l I, Z5 EARALI /D, e mE 55 i g [
5EN 0.3 MPa, 3 211058 Ay I S 30 158 XUGd I SE i d
3o WIS S RO B EUE R E 5, WIS &R g
N 2 B

NI A R B, T8, A SCRA

x2 HEERRE
Table 2 Coding of factors and levels

PRl H O XGE(mes ™) BN E/(m-s™) HOR D B fem

Code Air outlet Working Air outlet
value velocity (x1) speed (x2) height (x3)
-1 16 0.8 -20
0 19 1.2 0
1 22 1.6 20

Design-Expert ] =[5 2 —/K~F Box-Behnken M )/
MVEHATZHA G, HETTR LS RWE 3 iR,
Ri~ Ry~ Ry 73 ARG HE R 55 5 78 76 2 2R T Ui
NIRRT /R =

*3 REMEHXESHAESRREER
Table 3 Experiment scheme and results of orchard spraying test

RIS HZMIB{E Code value of test parameter

PEA e #R Evaluating indicator

5 H R e 3 FE HRO®EE ERZEESE ERFHIONE SR E
Test No. Air outlet Working Air outlet Droplet coverage  Droplet deposition  Droplet deposition
velocity (x1) speed (x2) height (x3) rate on target (R;) on target (R») on ground (R3)
1 1 -1 0 34.56 7.807 3.661
2 -1 0 -1 29.17 6.208 5.923
3 -1 1 0 29.69 6.216 3.584
4 0 1 -1 25.26 5.596 4.120
5 1 0 -1 38.02 8.948 5.478
6 -1 -1 0 41.41 11.268 6.587
7 0 -1 1 34.64 7.361 3.657
8 0 -1 -1 35.42 10.731 10.157
9 0 0 0 34.37 7.307 3.434
10 0 0 0 33.86 8.551 5.047
11 0 0 0 33.33 8.117 4.533
12 1 1 0 29.69 5.188 1.772
13 1 0 1 26.04 5.995 4.111
14 0 1 1 23.05 4.038 2.085
15 0 0 0 33.61 8.491 4915
16 0 0 0 33.33 8.573 4275
17 -1 0 1 25.52 4.658 2.630

4 MWERST

4.1 ZEMNSH

K H] Design-Expert 8.0.6 X3 3 Hli#l & 34T
T 25T, 15 R E R I W 4 R, IR 4
AL SN, RS2 PERE L0 F=4.50, P=0.030, 17! &
=, Ry B EVERG G F=4.06, P=0.039, Ry1H AL 5,
EVERIS F=4.67, P=0.027, ¥Ji5 3| 3% . HR K%

LI I F=99.04, P<0.01, Ry 1 2 0 100 £ 1%
F=10.74, P=0.022, 2 MERI R I 52, 156 W]
IR VO A 2 MR G 32 BR 51 2 5,
SEE I FE M, % PE W] RS TR PR BT R
DRI 3R 0 22 BT 88, Qs el IR 388 R A A8 A, A4 el T 111
MRS SRR R Eh S, Bk TR MR
PR AT DAASE B 2 AN GS H R T XISl s
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x4 MEmEEEMRIER
Table 4 Significance test results of response surface
FEAR TS A 2 HEbRZ T U i 55 T DU B
T5 E SRR Droplet coverage rate on target (R;) Droplet deposition on target (R;) Droplet deposition on ground (R3)
Soruce of  “FUTAI  HHIE FIrA HE TR B
variation Square Degree of F P Square Degree of  F P Square Degree of F P
sum  freedom sum  freedom sum  freedom
A Model  329.46 9 4.500 0.030 54.34 9 4.060  0.039 51.69 9 4.670  0.027
X1 0.79 1 0.100 0.760  0.02 1 0.010  0.908 1.71 1 1.390  0.276
X2 183.74 1 22.590  <0.01 32.52 1 21.840 <0.01 19.53 1 15.880  0.005
X3 43.34 1 5.330 0.054 11.12 1 7470  0.029 21.76 1 17.700  0.004
X1X2 11.73 1 1.440 0.269 1.48 1 0.990 0352 031 1 0.250 0.631
X1X3 17.35 1 2.130 0.188 0.49 1 0.330 0.583 093 1 0.750 0.414
X2X3 0.51 1 0.060 0.809  0.82 1 0.550 0482 498 1 4.050 0.084
x? 0.06 1 0.007 0.936 1.20 1 0.810  0.399 1.07 1 0.870  0.382
x? 0.02 1 0.000 0.988 0.01 1 0.008  0.930  0.005 1 0.004  0.950
x3? 71.78 1 8.820 0.021 6.29 1 4220  0.079 1.51 1 1.230  0.304
J%7 Residual ~ 56.94 7 10.42 7 8.61 7
K Lack of fit ~ 56.19 3 99.04 <0.01 9.27 3 10.74 0.022  6.97 3 5.66  0.064
W7 Error 0.76 4 L15 4 1.64 4
S0 Total  386.40 16 64.77 16 60.30 16

Dxp: B2 Rk e Ak B xs: B2 Z

1)x;: Air outlet velocity; x: Working speed; x3: Air outlet height

B H A 5 B3R 3 AN R 2R ) s e BR324 T 2 A
KELTM 5 R3 IR ANTIAE 36 F=5.66, P=0.064, 4
A2, Ut B AR FLA AR Ao U A = AR K
S, AT DA R A S X T JRGIE (e ) A M3
(x2)~ HH XU B () 3X 3 AN R 2R R R e R 64T 40
B BT o %I R A A3 2 1 — Ik 2 Tk
[l AR TR Ay
R} =46.144+0.105x; — 11.981x5 — 0.116x3 — 0.01x3,
(10)
Ry = 14.321-0.017x] —5.04x; —0.059x3 +0.03x3, (11)

R3 = 12.087 —0.154x; —3.907x5 — 0.25x3 +0.14x2x3.0
(12

4.2 o ph@E S

10 AERR Z B &R SR Z IR &,
T U E R 3D B . A 10 T BLE
R S TERE L R I g R R b 5 T i R IR
M) A Sy S 225, T 0 XU K S bR 55 i B o R )
BN 1L 10bs 10c AT B WA B R s
X B 553 78 55 3 R I B RR G, e AR
Ko RIS B el AR Ak, 2 R R R 4~
0 cm I, ¥EAR 55 0 78 o5 3 BOK . H & 10d. 10e,

10f 7] B W A H AR b3 B L R s G S bR
5 DU R 3 2, A A Sl B S e e
N, ma R T AR BT R KBRS
B bR 55 3 78 75 3 KB S AR L, (H TR & I (E
B, 7R 10d. 10F H 00 9 B &2, 3 02 R O 384y
KESZWHMERRS —ERE)E, HiExhin
T 1 B3R O NE 55, 1M TR & I i AT HE 4
Bhn, R T rhBEB % . & 10g. 10h, 10i
A B A, R R R A X
X Hb T 25 3 DT AR = 3 — 8 s e, R AR e B
IS M oh B, HAE /N T 1.2 m/s B, H
AT AT B 56 1 THT 55 95 ORI S e B R, M Ak
HEEN 1.0 m/s B, M T 55 0 DUAR B BE O
JEE ) BRI 0 35 38 K, 3R TR Ol 22 R T o AT
B, AR K — B 40 24 W VK 7E M i, T AR b o FE R
2, AL B N A E LR R 2 2 o (15 — 31
A, B2 AR 2 BT, A5 n] G H R X i
ARG o wm, SENEER—EM/EE
FH s 24 58 b 55 90 78 5 26 0 Ul AR B 3 08 ) I A i
by THT 55 35 0 AR B Ak B WA, R 34T S A, A
ERCNEIE S
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al~a3 W, FEHIAEEH 0; b1~b3 H, FHIB N 1.2; cl~c3 1, FHIAE G 19; o= HERIE: xo: AEMVIEE; x3: 1R 5 B Ry = 65 2510 78 15 255 Ry:

AEARZ TR Rs: HUTHI S5 i DA B

Control variable is 0 in al—a3; Control variable is 1.2 in b1-b3; Control variable is 19 in c1—c3; x1: Air outlet velocity; xp: Working speed; x3: Air outlet
height; R;: Droplet coverage rate on target; Ry: Droplet deposition on target; R3: Droplet deposition on ground

10 NESHX it EEIEREIF T

Fig. 10 Influence of different factors on indicators of pesticide spraying performance

43 BEK

% 25 WLt 245 B, AR PG CNYT 992—2006 K% =4
SRl 5 55 MLAE b o 2 ) R, BIRR 55 7 o R AN
KT 33%, HiIH S5 TR SRR AT . R Design-
Expert BT, 5 B 2R 4 AF:

max F(x1,x,x3) =Ry, (13)
max F(x1,x2,x3) = Ra, (14)
mian(xl,xz,x3)=R3, (15)

s.t.G (xl,)C2,X3) =33-R;1 <0

16 < x1 <22

08<x<1.6 ’ (16)
-20<x3<20

3 H A S TOAE N : x1=16 m/s, x,=0.8 m/s,
x3=5.1 cm, R1=39.79%, R,=9.89 pL/cm?, R3=5.41
pL/cm? .

% 5 B 58 B 58 IF Ak B BCHE B 7R B ) AR
K, S BB EOR, BRI S AT 2 A
7] Z #1556 Ok B Hoal, b — 2 52 i [
FHE v R RGE N 16 m/s 7B E N 0.8
m/s+ X BN 0 em, o HY R RS TR
B S 22 5.1 om, H 2 WA BN, AT kg 3 A
Nt AR, I FE AR 55 0 7 1 R N 41.41%, SEFR
Z VTR N 11.27 uL/em?, T Z A& N
6.59 pL/cm?.
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BRI it 25 SR A, 1% 55 BT FE BT R K P 2 58 55 L
BRI —, TR L2 BRI T, JHAE®R
V5D, Jit 2 BASERAG, Ford N D AR B RV FE LA
T AR 25 1)1 FE 7 B A5 Y, AR 24 a4 Ak S I
A HF 70 E R, T8I AR S5 R DR & o i 24 = A T
HWA M ENA B Z &= L.

3WZ-300 B3 Z MLk 50 Ja, A 24 B A
B 3% 55 ML I8 G N A 29 AT M, AR AT
Z5 “327 YA, i RmEs frx. id
SEALE 2 &, AR U0 45 R vE S R AL 24
TP 5, R P 2 LU ARl ST LB 0 M 4 AU
(1) 50 24 &, LA 20 245 5o R AR TG 2 B AL
HMRE .

x5 SERABEHEEKELSER
Table 5 Results of high tower sprayer in orchard

YENVIEE/(m-s™) B 251 78 55 R %

BEAR S5 VTR /(UL - cm~2)

Hb I S5 TR /(UL - em™2)

Working speed Droplet coverage rate on target Droplet deposition on target Droplet deposition on ground
1.0 43.16 16.192 14.511
1.5 36.48 9.902 10.657

B el A v 1 U S5 LRV FE A 1.0 m/s, W5
FZHLTAER 77 0.4 MPa, BB LBIE ) 2 L/min,
M5k 0 20 AN, BI 5T & 40 L/min, 142 5[ 47 5
5 m, BUBETENV K E 100 m, 35 AT A Lms % 5ok
1333 L/hm?, Bl jiti 25584 0.667 L/ hm®, 3WZ-300 5t
ML RN 433 L/hm'’, 24 &4 0.216 L/hm?, F
T AR i DI A5 R AR R T AR FE Ok 3.84, BRI
ARG ST AR S A H S M T TR AR 2 B 3.84, #
FIRBUERA A

RyS 4LAI

BV VAR an

A E RSEARTURUE & W5 2 H 2 L RyE#EAR
VTR R S A T Hu T 2T AR LAT & 10

HUBHG M R SR ALK 2 &

giRmE 6N, GRS WA, &iE
T 5 HLAE ML B, b TR 55 30 DT AR B AR, 2 H L
1.0 m/s 38 FEAE MV B, ML THT 55 35 0B i B2 SE AR 5
W UTAR B, $E 3 3WZ-300 JRU 3% 5 U it 55 AL 4 T
S UTAR R 3 4%, HE— P UL T K it 2
MR RN T E, Y B WL LA 1.5 m/s &
FEAEMLET, 2 & AL BE AR it 24 250 R AB 177, LEi 3WZ-
300 JRIE W8 55 AL A R & 259 5 b 60.1%, 1
B UmE ML 28.0%, 52 4 1 IR 1, TE 40 7wt 5
MU AT % J& R 56, (H b 3 B ml 55 o oW Hh %
1, 3WZ-300 KX 1% 55 55 AL it 24 R0 B 3R, FF
HwIT B,

*6 TRHERABIRIEL

Table 6 Comparison of spraying effect of different sprayers

Tt 25 LB

Spraying machine

3WZ-300XUi% % Hl 3WZ-300 type air-assisted sprayer
=135 At % A1 High tower sprayer

0

i 2 /(L -hm™?) BERZ5 TR & E/%
Spray volume Proportion of target droplet deposition
433 60.1
1333 28.0

5 #Eip

1) %t 7 — e Y B SR AR ) 3W Z-
300 RIEME AL, 2 H 3 R B 5 0S8R 1 44
TEIRTE, BEATHENHE 3~4 km/h, 2546 2 300
L, Wi 55 AR 250 1 B0, /NI 821, e i 2R el 0 50 4
P01, W8 55 HLER XA AR, A 250 b 3 25
Eb A, PERE I 2 K

2) TR 56 2 B 52 e W55 25 AL it 24 288 SR 1 = R )
A A R R A DL R R R,
F VAN TR A AR T 7 5 AR ST TR &

AR s T 25 g U =, 20 B e Bl JF 45 A AR Mk
AT AN, BRI SR T i 2 N PR RO B R, B Bk
FLRIZR B A7 AE FL At R JT R 3R, (H AT AR 4 A0 &5 2R
SRR AL B

3) 181t Design-Expert Xf HLEAE M ZE AT 4R
1, A G SRS H 0 0 B EXGE DY 16 ms,
BHUEAE NI B 0.8 m/s, H R T H 050 5t o3 vy
JEZ09 5.1 mm, FUAE 720008 AR 5 W RN
39.79%, JEFRZ VIR 9.89 uL/em?, H[H 55
U EN 5.41 pL/em?,
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