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Abstract: [Objective] To study the effect of different viscosities of pesticides on the atomization
characteristics of spray nozzles, and provide a theoretical reference for agricultural pesticide spray technology.

[ Method] Different mass fractions of glycerol solution were configured to replace pesticide reagents for
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research. The spray area of the spray nozzle was gridded, and the phase Doppler anemometry was used to
measure droplet parameters at different positions in the spray area. The statistical law of droplet size in the axial
direction and radial direction was analyzed using SPSS. [Result] In the axis direction of the spray area of the
nozzle, arithmetic mean diameter, volume mean diameter, and Sauter mean diameter showed the law of first
becoming smaller and then gradually increasing. The disturbance of the external air resistance made a certain
pattern of surface waves on the surface of the ejected liquid. As the distance increased, the amplitude of the
waves became larger, and the wave crests were torn off and broken into small droplets. Then under the action of
gravity, the droplets collided and aggregated, and the droplet size gradually increased. In the radial direction of
the spray area of the nozzle, the droplets were approximately symmetrically distributed, and the size of the
droplets was small in the middle and large on the two sides. With the increase of the radial distance, the size of
the droplets gradually increased. SPSS analysis showed that in the axial direction of the spray area the
correlation coefficients of axial distance, liquid viscosity with droplet size were 0.531 and 0.795 respectively. In
the radial direction the correlation coefficients of radial distance, liquid viscosity with droplet size were 0.932
and 0.328 respectively. [ Conclusion] To a certain extent, liquids with greater viscosity have a certain effect of
preventing drift. The changes in liquid viscosity have a significant effect on the droplet size in the axial

direction. In the axial direction of the nozzle, changes in distance have a significant effect on the droplet size.

Key words: nozzle; liquid viscosity; droplet size; phase Doppler anemometry(PDA); spectrum analysis; spray
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Table 1 Viscosities of four common pesticides

RHAY it b IR /ep Test viscosity
Pesticide type Proportion  Zf1/K The Isttime  282¢X The 2nd time  #33{X The 3rd time “F-3J{H Average
24T Spirodiclofen 134000 1.69 1.61 1.62 1.64
Mk 2 Pyridaben 1:2200 1.81 1.80 1.80 1.80
e bR Acetamiprid 125000 1.26 1.24 1.24 1.25
ik SR Tmidacloprid 13400 1.49 1.50 1.51 1.50
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Table 2 Viscosities of different mass fractions of glycerin solution

) w(HH)/% MR B /cp Test viscosity
Number  Glycerin mass fraction 51/ The Isttime  #52/X The 2nd time 537K The 3rd time ~ “F#J{H Average
1 0 1.10 1.11 1.11 1.10
2 12.5 1.29 1.31 1.30 1.30
3 22.5 1.62 1.63 1.63 1.63
4 32.5 2.18 2.20 2.19 2.19
5 42.5 2.99 2.98 3.00 2.99
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Table 3 Droplet parameters in the axis direction under different viscosities pm
O FEES /om 1.10 cp 1.30 cp 1.63 cp 2.19 ¢cp 2.99 cp
Axisdistance Do D3 Dy Dy Dy Dy Dy Dy Dy Dy Dy Dy Dy Dy Dy

2 147.5 1733 1939 913 117.8 1415 96.2 123.7 152.1 41.7 684 43.6 546 88.5 143.7

4 340 717 141.0 306 463 740 36.1 682 121.1 39.5 41.5 478 455 497 529

6 27.6 283 299 297 362 477 30.7 475 80.0 433 456 51.8 530 583 63.1

8 31.5 336 358 332 358 380 30.8 352 39.1 479 500 543 551 613 672

10 337 356 382 349 38.0 41.1 357 382 431 49.6 521 59.1 624 683 757

12 342 372 40.8 367 402 439 377 40.8 462 542 562 624 658 726 802

14 351 384 423 379 424 463 384 41.1 464 555 584 666 683 755 82.1

16 367 40.1 445 391 439 486 39.8 43.6 512 588 63.0 708 706 768 845

18 375 426 462 405 457 51.1 404 456 528 62.0 659 764 734 822 913

20 384 439 487 415 467 536 421 482 56.0 647 69.6 80.7 743 822 903

22 40.0 451 520 435 49.1 559 436 51.8 602 666 738 81.0 793 881 969

24 40.1 467 532 442 508 59.0 450 52.1 605 66.1 73.0 887 813 90.0 989

26 416 47.6 552 454 536 619 469 550 658 708 79.8 1024 84.6 947 1055

28 423 495 574 475 556 650 478 570 685 788 903 994 863 96.6 1074

30 433 515 612 475 56.6 655 478 594 724 749 859 101.1 869 98.8 1132

32 449 525 615 486 58.0 687 498 624 761 758 87.1 1126 82.6 97.7 1145

34 445 532 63.6 498 606 720 509 643 79.0 825 97.0 1129 875 1004 1153

36 46.2 554 658 51.7 63.1 75 529 673 833 759 884 103.1 90.6 104.3 120.7

38 472 578 69.6 537 656 80.1 546 69.1 86.6 79.7 93.8 111.2 91.8 106.5 123.7

40 497 612 752 548 669 813 549 70.8 877 843 97.8 1144 920 107.6 118.6

1) Dy: Arithmetic mean diameter; D;,: Volume mean diameter; D;,: Sauter mean diameter
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Table 4 Pearson correlation analysis of axial droplet size

AL P B 94~40 cm HlCoFE B 90~40 cm
75 i) A BH HiH Axis distance of 4—40 cm Axis distance of 0—40 cm
Control - ) HOES  WAEE  FERA OIS BAREE SRR
Parameter Item
variable Axis Liquid Droplet Axis Liquid Droplet
distance  viscosity size distance  viscosity size
7 HOOHE  MRAE)" 1.000 0.000 0.531 1.000 0.000 0.287
None Axis Correlation coefficient
distance @ FEPECHUM) 1.000 0.000 1.000 0.004
Significance (bilateral)
df 0 93 93 0 98 98
WARE  HRAEHE 0.000 1.000 0.795 0.000 1.000 0.586
Liquid Correlation coefficient
viscosity 25 O 1.000 0.000 1.000 0.000
Significance (bilateral)
df 93 0 93 98 0 98
ZRiE MRREG) 0.531 0.795 1.000 0.287 0.586 1.000
Droplet Correlation coefficient
size AU 0.000 0.000 0.004 0.000
Significance (bilateral)
df 93 93 0 98 98 0
kit HOER ARRHE" 1.000  —0.821 1.000  —0.217
Droplet Axis Correlation coefficient
size distance 2 FHTECUM) 0.000 0.031
Significance (bilateral)
df 0 93 0 97
WK HRARE()” -0.821 1.000 -0.217 1.000
Liquid Correlation coefficient
viscosity k35 (W) 0.000 0.031
Significance (bilateral)
df 92 0 97 0

D1.0=r>0.8k FHIEA L, 0.8=r>0.6% T4 XK, 0.6=r>04K TP EREAAL,04=>028 FHMX,02=r=0kF L
H %
1)1.0=r>0.8 indicates very strong correlation, 0.8 =7>0.6 indicates strong correlation, 0.6 =r>0.4 indicates moderate correlation,

0.4=r>0.2 indicates weak correlation, 0.2=r=0 indicates no correlation
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W 1 PR E AR T EAR Dy W f0 s |
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B 1 AT M A B A T, B o Rachaf ey 6 ¥ TI0 120 i ion
BB 2 I BE BT, SO R B s Do Pance iquid Ve
F BN B R, 8 0 22 AT T 0 L 0 DL T 1 30 cm REHEHARTHES Dy TH
RBRI A AN IS SRR BE T AR R ERER, A I Fig. 1 Change of radial droplet D3 at z= 30 cm
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Table 5 Pearson correlation analysis of radial droplet size

A & ZH WiH ) B WARREE kAT
Control variable Parameter [tem Radial distance  Liquid viscosity = Droplet size
o Fm e % R H(r)” Correlation coefficient 1.000 0.000 0.932
None Radial distance & 3 4:(0{Il]) Significance (bilateral) 1.000 0.000
df 0 53 53
WRARBE S % R %(r)" Correlation coefficient 0.000 1.000 0.328
Liquid viscosity & & £ (X{) Significance (bilateral) 1.000 0.014
df 53 0 53
F kLA HHE ZH0(r)" Correlation coefficient 0.932 0.328 1.000
Droplet size 2 (XU Significance (bilateral) 0.000 0.014
df 53 53 0
Zikifz A5 ) B 2 % R H(r)" Correlation coefficient 1.000 —-0.893
Droplet size Radial distance {2 2 4 (X)) Significance (bilateral) 0.000
df 0 52
WA R % R H(r)" Correlation coefficient —0.893 1.000
Liquid viscosity I 354 (XU) Significance (bilateral) 0.000
df 52 0

D1.0=/>0.8 K FHIRAE,0.8=>0.6 K THkAA K, 0.6=r>04% TP FREANX,04=>02K FHHE,02=r=04 T L
P

1)1.0=r>0.8 indicates very strong correlation, 0.8 =7>0.6 indicates strong correlation, 0.6 =7>0.4 indicates moderate correlation,

0.4=r>0.2 indicates weak correlation, 0.2=r=0 indicates no correlation
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