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Dynamic Flow Field Analysis and Parameter Optimization
of Premixing Device of Spray

SUN Wenfeng WANG Jin CHANG Jinkai WANG Hao LU Jiaqi ZHU Xiaoxin
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract. In view of the practical problems existing in plant protection operations such as long premixing
time, uneven premixing effect and uniformity of the premixing device of the spray, based on the existing
sprayer premixing device, the basic parameters of key components such as premixing tank, premixing
nozzle and feeding valve were determined by combining the pesticide formulation usage and premixing
liquid delivery demand of 1 000 L sprayer in the field operation process. ANSYS — Fluent was used to
analyze the dynamic flow field characteristics of premixing at different liquid level heights, and the
dynamic distribution law of the flow field in the premixing tank was obtained. Using the quadratic
regression orthogonal rotation center combination optimization test method, taking the working pressure
and spatial position parameters of the premixed nozzle as the influencing factors, and the variation
coefficient of the uniformity of the liquid pesticide as the evaluation index, the multi island genetic
algorithm was used to optimize and obtain a better premixed parameter combination; the working pressure
of the premixed nozzle is 0. 3 MPa, the distance from the bottom plane is 200 mm, and the distance from
the back vertical plane is 70 mm. Field tests were conducted on powdered pesticides, and the results
showed that the coefficient of variation of uniformity of the premixed solution was 32.99% . The feeding
valve delivers the pesticide stably at a pressure of 0.2 ~0. 5 MPa without backflow.

Key words: boom sprayer; premixing device; premixed nozzle; feeding valve
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Fig. 1 Boom sprayer structure diagram
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Fig.2 Structure diagram of premixing device of boom sprayer
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Fig.3 Schematic of premixed pipeline
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Fig.4 Schematic of premixing operation principle
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Fig.5 Schematic of tank cleaning
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Fig.6  Schematic of working principle of feeding valve
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Tab.1 Dose and dilution water consumption of 1 000 L tank for 12 kinds of pesticide preparations

1 F 541 fc /N i e
E PR 5 #1 S 7
A2 24 fl) i b/l oy KL JiiBzs
ZEH - NERME (300 g/L) L 300 ~375 mL/hm? , § B¢ 1 500 % 666 30 20 TR 45 A T
WA TR (25 ¢/1) L 300 ~375 mL/hm? , %5 B 1 250 1 800 30 24 ITERY N T
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5 - I MR (30% ) p=xeill 540 ~ 675 mL/hm? | 5 B 800 £ 1250 20 25 KA VHER i FAERE
WE L SR (22% ) IR 60 ~75 mL/hm? | i B¢ 5 000 £ 200 20 4 Ly B A S
XU - e 1 e (58 g/ L) p=Xeill 135 ~210 mL/hm? , 5 %% 3 000 1% 333 20 6.7 TS e S
Ji5 T - I R (30% ) Bl 540 ~675 mL/hm? , 5 B¢ 1 250 % 800 20 16 T KRG HESERH
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_J‘ N
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B
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FAE R (10% ) JKAPEORLF] 150 ~ 180 mL/hm? , #5 B¢ 3 000 1% 333 10 3.3 P35 T 44 B A X
2K H - BETE TR (325 g/L) P=SEll 300 ~ 600 mL/hm? , B¢ 1 500 fi% 666 20 13.3 [PV €]
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Tab.2 Performance parameters of 110SF015 nozzle
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Fig.7 Schematic of feeding valve structure
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Fig.8 Jet and suction process of feeding valve
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Fig. 12 Velocity distribution diagrams at bottom of premixing tank
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Fig. 17  Single factor test results
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Tab.3 Coding of factors

%
Hifh  BURMIGER T/ BURMEL S5IKHE BURWEL 5% E
MPa - 1 B S/ mm - 16 #E 5/ mm

-1.682 0.2 125 40

-1 0.3 145 70

0 0.4 175 105

1 0.5 200 140
1. 682 0.6 225 170
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Tab.4 Test scheme and results

e A B c AR Y/ %
1 -1 -1 -1 35.8
2 1 -1 -1 38.7
3 -1 1 -1 31.4
4 1 1 -1 37.5
5 -1 -1 1 39.6
6 1 -1 1 35.3
7 -1 1 1 33.1
8 1 1 1 37.5
9 ~1.682 0 0 34.6
10 1. 682 0 0 38.2
11 0 ~1.682 0 41.8
12 0 1.682 0 35.1
13 0 0 ~1.682 30.4
14 0 0 1.682 35.8
15 0 0 0 38.1
16 0 0 0 39.0
17 0 0 0 37.0
18 0 0 0 37.5
19 0 0 0 38.0
20 0 0 0 38.5

Ml 49 [0 U 7 e Sk

Y =32.36 +0.414 —=0.57B +0.30C +0. 55AB -
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Tab.5 Variance analysis of coefficient of variation

of powder pesticide homogeneity

TSR CFHFM AME ¥ F P
(x| 131.72 9 14. 64 10.18  0.000 6
A 16. 82 1 16. 82 11.7 0. 006 5
B 32. 81 1 32. 81 22.83  0.0007
C 9.16 1 9.16 6.37 0.0302
AB 17.7 1 17.7 12.32 0.0056
AC 9.9 1 9.9 6. 89 0. 025 4
BC 0.21 1 0.21 0.15 0.709 4
A? 3.87 1 3.87 2.69 0.1318
B? 0.61 1 0.61 0.43 0.5279
c? 40.92 1 40.92 28.47  0.0003
B 14.37 10 1.44

el 11. 86 5 2.37 4.73 0.056 7
AR 2= 2.51 5 0.5

J=il] 146. 09 19
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Fig. 18 Response surfaces of influence of test

factors on index
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Fig. 19  Multi island genetic algorithm optimization path
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Fig.20  Variation curves of coefficient of variation

of powder pesticide premixing uniformity
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Change curves of premix mass fraction

on test surface 3
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Tab.6 Mixed test results

TR E/mm S YCFH TR/ g WA EER R/ %
375 0.55
300 0.71
225 1.31 32.99
150 0.95
75 0.83
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