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Design of online mixing system and performance test of
mixed pesticides for the plant protection machine

WANG Fujie JIANG Pin~ SHI Yixin HU Wenwu LUO Yahui ZHOU Shuxian

(College of Engineering, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: An online mixing system was designed to improve the effective utilization of pesticides in spray operations.
The pesticide mixing system mainly includes a water taking unit, a pesticide taking unit, a mixer and a control unit. When
the system is working, the control unit controls the water extraction unit and the pesticide extraction unit to extract the
required dose of the water and the pesticide into the mixer. The mixed liquid is pressurized by the diaphragm pump and
sprayed by the nozzle. Based on the theory of computational fluid dynamics, a cylindrical static mixer model with 7 built-
in spoilers was established for numerical simulation analysis. The pesticide injection ports and the water injection ports of
static mixer vertically distributed along the side wall and the pesticide injection ports facing the first spoiler. The test
results show that when the normal pressure of the pesticide is 0.1 MPa, the variation coefficient of the pesticide in the
nozzle is 2.2%. At this time, the best mixing effect of the mixer is obtained, but there is a phenomenon of pesticide

backflow in the injection port. Therefore, a simulation scheme is proposed for drug pressurization. Under the pressurized

I EE  2019-09-30 fEE HER 2020-01-08
£€mA (2017YFD0700903-2) (2018NK2063)
(2019NK2141)
EE &N (1993—) 1208963362@qq.com  *

¥H teacher jp@163.com



46 2 237

1 MPa state, there is no reflux of the pesticide in the injection port, the variation coefficient of the pesticide mixture is
2.0%, and the mixer mixing effect is better than normal pressure. The carmine red solution was used to replace the
pesticide, and the test was carried out by the ultraviolet spectrophotometry. The results showed that the maximum relative
error of the mixed pesticide stability under pressure was 4.301%, and the variation coefficient of the pesticide was
3.989%.The mixing effect of the online mixing system under pressure is better than that under the normal pressure. The
variation coefficient obtained by the test is basically consistent with the simulation results, and the online mixing system
meets the design requirements. The diaphragm pump variable working condition test is carried out. When the ratio of the
pesticide to water is varied from (1 300) to (1 3 000) with the water flow rate of 35-140 L/min, the mixing uniformity

coefficient of the online mixing system is 4.670%.

Keywords: plant protection machine; online mixing system; mixer; numerical simulation; spectrophotometry; variation
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Fig.1 Schematic diagram of the online mixing system
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Fig.2 Schematic diagram of the mixing unit for the online

mixing device
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Table 1 Basic parameters and boundary condition settings

/mm 20 10
/(ms™) 7.4 0.1
/(kg'm™) 1000 1003
/MPa 0.1 1 o0l
1% 5 5
3) ANSYS16.0 ICEM
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Fig.3 Mixer axial pesticide liquid integral number cloud

0 1 1
4

5%

2

7
220 mm
% 2 EETHEEIKOANRESLHESHSINT

SRFUENE

Table 2 Simulated values of the variation coefficient of mixed

uniformity at different distances under 0.1 MPa

100 170 220 270 320 420 470 510
mm mm mm mm mm mm mm _mm

0.866 0.634 0.528 0.462 0414 0.397 0372 0.308
b 0.856 0.629 0.518 0451 0410 0385 0.365 0.301
c 0877 0.693 0.561 0.486 0.447 0422 0.405 0.352
d; 0.135 0.114 0.114 0.095 0.098 0.111 0.085 0.067
d; 0162 0.132 0.097 0.060 0.054 0.063 0.065 0.070 a b
d;  0.092 0.060 0.031 0.039 0.025 0.036 0.033 0.022 Bl 4 HEEEREE
ds  0.140 0.084 0.064 0.087 0.042 0.075 0.159 0.029 Fig.4 Diagram of axial velocity streamline
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Table 3 Simulated values of the variation coefficient of mixed

uniformity at different distances under 1 MPa

100 170 220 270 320 420 470 510

mm mm mm mm mm mm mm mm

0.865 0.632 0.524 0.457 0.413 0.394 0.367 0.307

0.821 0.621 0.476 0.431 0234 0.271 0.283 0.134
c 0921 0.647 0512 0.440 0.409 0.383 0.371 0.302
d; 0.133 0.117 0.113 0.093 0.098 0.108 0.089 0.069
d, 0.161 0.130 0.096 0.056 0.049 0.072 0.076 0.076
d;  0.100 0.060 0.038 0.035 0.026 0.031 0.032 0.020
d, 0.147 0.079 0.061 0.084 0.043 0.059 0.104 0.030
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Table 4 Stability of mixed pesticides under 0.1 MPa

/ / /

(mg'L™ (mg'L™) (mg'L™ 1%
1300 10.00 10.295 ~0295  2.950
1 600 5.00 4.977 0023  0.460
1900 333 3263 0.067  2.010
11000 3.00 2912 0088  2.930
1 1500 2.00 1.954 0.046  2.300
12000 1.50 1.516 ~0.016  1.067
1 2500 1.20 1.078 0022  1.830
13000 1.00 0.940 0.060  6.000

1 MPa
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Table 5 Stability test results of the mixed pesticides under 1 MPa

/ /
Hmg-L™) (mgL™) (mgL™) %
1 300 10.00 10.052 —0.052 0.517
1 600 5.00 5.081 —0.081 1.625
1 900 3.33 3.447 -0.117 3.520
1 1000 3.00 3.126 -0.126  4.200
1 1500 2.00 2.086 -0.086  4.301
1 2000 1.50 1.491 0.090 0.622
1 2500 1.20 1.246 —0.046 3.840
1 3000 1.00 -0.011 1.071 1.011
1 MPa 4.301%
0.126 mg/L
3.4 RHAHEMRE
2 min
10 2s
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Table 6 Test result of uniformity coefficient of the mixed

pesticide under 1 MPa

N K 1%
(mg'L™) (mg'L™)
1 300 10.027 0.168 1.679
1 600 5.081 0.186 3.666
1 900 3.447 0.081 2338
1 1000 3.126 0.096 3.073
1 1500 2.086 0.062 2.968
1 2000 1.491 0.056 3.779
1 2500 1.246 0.050 3.989
1 3000 1.011 0.021 2.093
6
3.989%
CFD

35 ILRTNIE

2 min

10 2s
7
®7 FRAKFRETRARGMESHIMERRY
Table 7 Variation coefficient of mixing performance for the

pesticide mixing system under different water flows

1%

35 L/min 70 L/min 105 L/min 140 L/min
1 300 4.053 2.869 2.485 1.679
1 500 4.321 2.791 2.651 1.889
1 1000 4.000 3.000 2.890 1.821
1 1500 4.210 3.240 2.950 1.967
1 2000 4.560 3.900 3.500 2.287
1 2500 4.440 4.300 3.700 2.011
1 3000 4.670 4.000 3.900 2.197
35 140 L/min
5%
4 Hhig
7
1
1 MPa
4.301% 6%
1 MPa
3.989%
35
140 L/min
5%
S k-
(1]
] 2016 47(S1) 176—
181
YUAN Q B HUL LUO X W et al Design and
experiment of online mixing spraying system[J].

Transactions of the Chinese Society for Agricultural
Machinery 2016 47(S1) 176-181



242 ( ) http://xb.hunau.edu.cn 2020 4
[J] 2019 21(7) 10— [12]
18 [ 2013
QI H X LIAO H LAN Y B Research status and 44(8) 90-93 164
prospect of automatic pesticide mixing device[J]. Journal JJAW D CHEN Z G ZHAO X et al Online
of Agricultural Science and Technology 2019 21(7) pesticide mixer with mixing ratio feedback based on light
10-18 peamibility of pesticides[J] Transactions of The Chinese
[3] CFD Society of Agricultural Machinery 2013 44(8) 90—
3] 2013 93 164
44(S1) 107-112 [13]
ZHOULF FUXM XUE XY etal Design and I 2015
experiment of jet mixing apparatus based on CFDI[J]. 36(6) 112-115
Transactions of the Chinese Society for Agricultural YANG Y F CUIY TAO D Q et al Design and
Machinery 2013 44(S1) 107-112 experimental research of the online detection device for
[4] GHATE SR PHATAK S C A compressed air direct mixed drug concentration[J] Journal of Chinese Agri-
injection pesticide sprayer[J] Applied Engineering in cultural Mechanization 2015 36(6) 112-115
Agriculture 1991 7(2) 158-162 [14] FLUENT
[S] ALBERT Renken MARC Wehrli THIERRY [D] 2018
Meyer et al Numerical simulations of mixing in an ZHOU R Optimization design of tube type static mixer
SMRX static mixer[J] Chemical Engineering Journal by using FLUENT[D] Wuhan Huazhong University
1996 63(1) 117-126 of Science and Technology 2018
[6] SARAVANAN K SUNDARAMOORTHY N [15] [D]
MOHANKUMAR G etal Studies on some aspects of 2015
jet mixers I  hydrodynamics[J]  Modern Applied CHEN J K Characteristic study of flow field in static
Science 2010 4(3) 51-59 piping mixer[D] Qingdao  Qingdao University of
[7] Science and Technology 2015
[D] 2006 [16]
YIN H X Simulation and optimization for tubular static [ 2011(3) 123-
mixer with roes of tabs[D] Harbin Harbin Institute of 125
Technology 2006 Al ZJ HUANG T TANG R W et al Study on
[8] optimized structure of built-in blade-type static mixer[J].
[J] 2018 36(12) 1282— Machinery Design & Manufacture 2011(3) 123-
1287 125
HE X H WANG Y GAO L F Characteristics of [17] T
micromixer with periodic blocks and baffles[J] Journal [D] 2016
of Drainage and Irrigation Machinery Engineering YAN J Characteristics of internal flow and micromixing
2018 36(12) 1282-1287 performance of T-shaped micromixer with build-in
[9] 3WY-A3 baffles[D] Zhenjiang Jiangsu University 2016
I 2011 27(11) 130- [18] M]
133 2012
ZHANG W Z LIU Z Z Experiment on variable rate HAN G J Foundation and Application of Fluid
spray with real-time mixing pesticide of 3WY-A3 Mechanics[M]. Beijing Machinery Industry Press
sprayer[J]  Transactions of the Chinese Society of 2012
Agricultural Engineering 2011 27 (11) 130-133 [19] Fluent
[10] M] 2 2009
[3] ZHANG K WANG R J WANG G  Fluent
2014 45(11) 98-103 Technology Foundation and Application Example[M].
LIJY JJAWD WEIXH On-line mixing pesticide 2nded Beijing Tsinghua University Press 2009
device based on flow control valve and neural network[J]. [20]
Transactions of The Chinese Society of Agricultural [ 2009 25(2) 6-9
Machinery 2014 45(11) 98-103 DONG GH LIJ Q Simultaneous spectrophotometric

(1]

[D] 2008
GUO JK Research on mixing degree of direct injection
system for pesticide sprayer[D] Nanjing Nanjing
Forestry University 2008

determination of lemon yellow and carmine[J] Journal
2009 25(2) 69

TIERE: T EHK
FEX R FEL

of Xinzhou Teachers University



