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Fig.1 Structure diagram of target spraying pressure fluctuation
test bench
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1.Spray boom and nozzle 2.Droplet collecting tank 3.Computer 4.Tank
5.Flow sensor  6.Data acquisition card 7.Variable frequency motor
8.Diaphragm pump 9.Combined control valve 10.Control box 11.Pressure sensor
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Table 1 Model of valve parts of experimental system

4 FR Name #45 Model 4 Parameter
A 45i#% Frequency converter V8 ThE: 22kW
AR5 HLAL Variable frequency motor  YVP-90L-6 ThE: 22kW
T Ty Jik: 70~90 L-min”
e MB .
F@ 4 Diaphragm pump 396/3.0 (100 Pa)
IH A2 | 1] =%, ~ -min’':
i el Lei7a T 107200 Lmin™;
Combined control valve 0~2.5 MPa
1553k Nozzle 110VPO15 E43: 02~04MPa
% D: ’\’2. MP H
F& 1A% /%45 Pressure sensor AS-131-Z E&ﬁ%: 05.5% a
; . % 1~50 L-min™;
TR RS FI 7-24 = :
AL KA Flow sensor KR, 1%

¥ R 4EF Data acquisition card USB7660AS/2 SRR >1 kHz
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Fig.5 Schematic diagram of nozzle liquid diffusion
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Fig.6 Simulation model of precision spraying test system
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Table 2 Simulation model parameters

47K Name HA S Basic parameters  ${H Value
N e/ C 20
i EA R Simulated liquid e
R /(kgrm™) 1 000
K/ 1
WiAT Spray boom k’g m
E4%/ mm 20
1553k Nozzle E4%/ mm 1
JF5% 1% On-off valve & AFLH EHAE/ mm 5
[5] 37 Ee 3l 18] Proportional valve B KFLIE B4R/ mm 12
7% Tank Zifi £ )1/ MPa 0
2.3 {pERE
2.3.1 GARBGRE

K HIEZGHL T AR S7a i — e 0.2~0.4 MPa. {5 K.
I W E RGWILE TAEE ] 0.2 MPa, FHARIEARLS AT
IEWEASAE 0.2 MPa TAEH /1 RN 0.49 L/min 713 R
%5 25 MEELETREN 12.25 L/min, #4iE RGVIEATERIE
(BRMEZE) iR W E N 12.25 L/min. EMNK 20,
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Table 3  Constant current source input flow value under different
reflux ratio

[e 7 EL 451 LI YA
Reflux ratio Constant current source input flow/(L-min™)
0.1 13.61
0.2 15.31
0.3 17.50
0.4 20.42
0.5 24.50
0.6 30.63
0.7 40.83
0.8 61.25
0.9 122.50
2.3.2 GBARETE

N T IR FE K N 2 i R R AN [ SR Sk SR JE R G
T 77 9% B0 4 1 R[] 9 2 EL A9 6 2R G T 338 B 1 5 i
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SO % R 77 B gm0 o 16 B E A VR R O
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A PN RRRCRFEIE 71, MPas P, NTPYIE ST,
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2/5 F1 3/5 pymi kA (0 ML EIs T, &M 3/5 mE
SKECERTE /7385 1 MPa PLE, SRR & R 7R
JEE, WA MO 3/5 BELEE RN BRI , SR
R IR P EAT SES T 58, MR EE 3 IR, KA
[5]K% 0.006 s

R RWE 4 Fon, HEHEFRREIS R ' F
) 7RG B AT A R 2 <8.3%, %A EAR A AT &,
AT A JG B8R T IRt H AT % 22 45 s 7738k 50 5 M R A2k 14D 477
oo
® 4 TNEIEZRE G AR & RSk #08 &bt TR E 7k ie

ESHEETE

Table 4 Comparison of spray pressure test value and simulation
value under different reflux ratio and different proportion of closed

nozzles

BIRHEG PR gy DS A
Reflux ratio 7 bt Proportion Test value/Mpa  Simulation Relative
of closed nozzles value/MPa error/%

0 1/5 0.328 0.306 7.19

2/5 0.584 0.548 6.57

1/5 0.294 0.283 3.89

0.2 2/5 0.421 0.412 2.18

3/5 0.663 0.723 8.30

1/5 0.280 0.262 6.87

0.4 2/5 0.353 0.345 2.32

3/5 0.533 0.495 7.68

3 ELRELBIXTE R E SR BN R

FH 2.4 150 25 R B, 38K R L AeE o B 55 2R
gt i Tk a AR AR 3 30 R D1 sh B — e T bR
TER, HIFIRS 25 R 2 R G R bL ko, 20K 2 AH [H] w5t
5 TAER TR R, BRI KRR E, XHE5R
961 G 5e ORI HORES R 2, HLoS skl %, Wi
JE TGRSR RIS E B, MR A HAR
BAEAT R0 G0 A8 B T 700 BN MR 3 BT o AR 2.1
ISR ST AN B AT, RS ST B R B A
R 2 2R 11, DR AT AR R 7738 2 1 A5 B9 fE 0k Bl
THOL, FIRE DT FRR RS 5 R R AR
K, HEARIES T
3.1 RGEIEMNHERELER

FRE 2.3 05 ARG 772, AT A RECE sk G P X
ERE SRS, REGEREA 0 B, B9 1/5.
2/5. 3/5. 4/5 BEWKE, SREER I KI5,
B PR EWE 7 . WLEH, REBELEGE
HEOBEOR, RGO, H R 772 BER B N,
G 4/5 Wk, RGFIE S IR 5.15 MPa, 1R
Pz (20 T, RABELEER S, BBk,
JE I Eh 2 RN K ., HIEFERARESRE R
LW, 1ERGE F7ik R E A B R B B E R, AR
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Fig.8 Pressure fluctuation for closing different nozzle numbers and different reflux ratio under the initial pressure of 0.2 MPa
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Table 5 Average pressure fluctuation rate for closing different
nozzle numbers under initial pressure of 0.2-0.4 MPa (%)
WG E T 1% A9 R AT Sk % (5 L Proportion of closed nozzles
Initial Reflux ratio
pressure/MPa 1/5 2/5 3/5 4/5
0 55.00 175.00 525.00 2 400.00
0.1 44.40 133.43 343.75 1070.17
0.2 38.78 110.45 259.54 653.11
0.3 33.57 90.98 196.36 422.16
02 0.4 28.52 73.38 146.96 279.92
0.5 23.95 59.00 111.31 194.26
0.6 10.34 22.98 40.06 64.53
0.7 8.96 17.68 28.51 42.73
0.8 7.78 13.14 19.31 26.93
0.9 0.47 2.73 5.15 8.16
0 53.00 173.33 521.33 2473.33
0.1 4433 135.00 352.00 1116.33
0.2 39.00 112.33 265.00 673.67
0.3 32.67 90.00 195.00 421.33
03 0.4 25.00 68.33 138.67 265.67
0.5 20.67 53.33 101.33 177.33
0.6 16.67 40.67 73.00 118.67
0.7 11.33 27.33 47.67 73.33
0.8 4.67 14.00 25.00 38.00
0.9 5.67 10.33 15.33 21.33
0 93.75 246.00 686.50 3154.75
0.1 83.00 200.25 482.00 1 486.00
0.2 75.25 168.50 362.25 880.00
0.3 67.50 140.25 273.00 557.25
04 0.4 61.25 117.50 209.00 374.75
0.5 53.50 95.25 156.50 252.75
0.6 46.25 76.25 116.00 172.25
0.7 41.25 61.75 87.00 119.25
0.8 33.75 46.00 59.50 76.50
0.9 35.25 41.25 47.75 55.00

3.2 RHAMISKEE SHEXE KA
18l 8a~8d FTLLE Hi, FRIERMIMELEUE & HBOR
JE AR, ARSI E /19 0.2 MPa. BT EE DY 0

I, QM 4/5 HHmESk, TS ATIA 2 400%. Wiz
ARG Kok, LS — B2 HIUBE R =
WIS, Rz K, HE TR K ZERD
A AR B A SCR I 2 G0 7T 5% I8 1) 5% P I T) 2 JE s /)
B, AR¥EKE ST AKATIF R B AEE AN, Nk
Bl O 28 B 0 21 B 158 32 110 e 52 W HE 32 3138 BRI 3 30
B, R B 1] v P 0ek /0 19 I R AE AR SR B8 1o 2 A
NS
3.3 [ELRELHIRTE JUE SR EBR SR 5547

WK 9a~9c¢ 7w, [13E LSt I 779 3 v B AE 2
S, UHR R CHBELEE S LA, RIREE.
HE 9a i LLEH, RGERIFEHIAN 0.6 I, Wiko<H L
Bt RGE MW OA KR, HRKENERN
64.53%. T EH KRR, S R5 K0 HHRE
[, ZR AR 2R B, 10K BB FARAN B . . WrE
RYHURIE 7 0.2 MPa B}, [F13E EL A7 3 B 2 10N T 0.6
HE 9 ATLAEH, REERIGFE N 0.7 B, o K#shR
N 73.33%, RAIERGVIARE 1 0.3 MPa ), [A13 L ik
BEUUN 0.7, K 9c BhZLATLLAE 1, RGN LG
NO8 B, EIEKBEENEN 76.50%, WIERGVIIHIE
77 0.4 MPa i, [BI3 F g B @ 30T 0.8,
3.4 HRERREESH

XTEEME 2 AR R HAR (R, PSS Wi
2GR —PE RS, LEW it I FE AR bR o P
e () AR TH R 7 A TR T LA S PR BE B 3] g s Sk
RIBEAR & bh=1-2C PRImE S B it bl X HEmS 55 RRE B IE
I RN ZE N 100%. HIFE 5 BRI HCHR A 5 R s
2 R GAENIIRIE 17 0.2~0.4 MPa I, R[EIG SRR & Eb Xt
N AL R L X [RIU3R 6 Fiaw, 1245 R n] A 5 SR T
B2 RG-S AR ALK -
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Fig.9 Effects of reflux ratio on system pressure fluctuation rate with different nozzle closing ratios under different initial pressures
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Experimental study on the pressure fluctuation characteristics of
target spray system

Zhang Chunfeng'?, Zhai Changyuan®?®, Zhao Xueguan®, Zou Wei?, Zhang Meng®*, Zhao Chunjiang’*>*

(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China; 2. Intelligent Equipment
Research Center, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China; 3. College of Agricultural Engineering,
Jiangsu University, Zhenjiang 212013, China)

Abstract: Precise target spraying can be widely used to detect the target information for the on-demand operation using
sensors and variable actuators. An effective way can prevent the excessive spraying from the environmental pollution of food
safety caused by the traditional continuous spraying, particularly for the high pesticide utilization. Nevertheless, there is the a
serious fluctuation of pipeline pressure at present, due to the repeated opening and closing of different numbers of nozzles in
the process of target spraying. A great threat has been posed to the droplet size, deposition distribution, and service life of the
spraying system. In this study, a test platform was designed to investigate the influence of the reflux ratio on the pipeline
pressure fluctuation in the target spraying system. A simulation model of target spraying pressure fluctuation was established
using AMESim software. A test was also carried out to verify the model. The initial pressure of the system was set as
0.2-0.4 MPa, and the reflux ratio as 0-0.9 in the simulation. The number of closed nozzles was accounted for the a large
proportion of 1/5-4/5, indicating the more serious fluctuation of pipeline pressure. The reflux ratio was 0 at the initial pressure
of 0.2 MPa. Once the 4/5 proportion nozzles were closed, the pressure of the pipeline system rose from 0.2 to 5.15 MPa,
indicating a 2 400% fluctuation rate. The more significant ratio was obtained in the number of closed nozzles to the pressure
fluctuation at the large initial working pressure of the system. The return pipeline was effectively reduced the pressure
fluctuation of the target spraying system. Specifically, the greater the return ratio was, the more significant the elimination
effect was. The maximum pressure fluctuation rate was 64.53% caused by the closure of some nozzles, when the initial
pressure of the system was 0.2 MPa and the return ratio reached 0.6. Therefore, the reflux ratio was recommended to be less
than 0.6, in terms of the utilization rate of the pump. Once the initial pressure values of the system were 0.3 and 0.4 MPa, the
reflux ratios were recommended to be less than 0.7, and 0.8, respectively. Finally, an optimal combination of target proportion
and reflux ratio was achieved, according to the requirements for the tolerance of the pressure fluctuation in the target spraying
system. When the initial pressure of the system was 0.2 MPa, the combination of the proportion of the target and the optimal
reflux ratio were 1/5 and 0.5-0.6, 2/5 and 0.5-0.6, 3/5 and 0.2-0.3, or 4/5 and 0-0.1, respectively. When the initial pressure of
the system was 0.3 MPa, the relationship groups between the proportion of the spraying target and the optimal reflux ratio
were 1/5 and 0.6-0.7, 2/5 and 0.5-0.6, 3/5 and 0.2-0.4, or 4/5 and 0-0.1, respectively. When the initial pressure of the system
was 0.4 MPa, the relationship groups between the proportion of the spraying target and the optimal reflux ratio interval were
1/5 and 0.7-0.8, 2/5 and 0.6-0.7, 3/5 and 0.4-0.5, or 4/5 and 0-0.3, respectively. This finding can provide a strong reference to
optimize the precision target operation for the technical variables and working parameters in the plant protection spraying.
Keywords: simulation; plant protection; target spray; pressure fluctuation; AMESim; reflux ratio
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