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Oblique Impact Behavior of Spray Droplets on Tea Tree Leaves Surface

LIU Dongmei'* ZHOU Hongping' ZHENG Jiagiang' RU Yu'
(1. College of Mechanical and Electronic Engineering, Nanjing Foresiry University, Nanjing 210037, China
2. College of Mechanical and Electronic Engineering, Jinhua Polytechnic, Jinhua 321017, China)

Abstract; In the spray scene, the tea tree leaves have different tilt directions which are subjected to
impact by different directions of spray droplets. In order to grasp the impact behavior and influence
mechanism of the droplet impact on the tea tree leaves, the elliptical spreading area was used to measure
the spreading variation of the droplet during the oblique impact, and a new type of oblique impact droplet
spreading and rebound mathematical prediction model, including blade inclination angle and impact angle
was derived. In order to verify the theoretical accuracy, two high-speed cameras were used to test and
analyze the impact process and results of spray droplets striking tea leaves. The results showed that the
impact angle, initial diameter and impact velocity on the spreading area of the adherent droplets were the
impact velocity, initial diameter and impact angle. The initial diameter and impact velocity had a
significant effect on the droplet spread area, and were highly positively correlated. For fine and medium
droplets, the impact angle had no significant effect on the spreading area; for coarse droplets, the impact
angle had a significant effect, and 90° impact angle was recommended. The surface of the tea tree leaves
was hydrophilic, and there was no rebound behavior when the water droplets hit the surface of the leaf.
The result was consistent with the rebound prediction model. The degree of influence on the droplet
splatter was the initial diameter, the impact velocity, and the impact angle. The initial diameter and
impact velocity had a significant effect on droplet splatter. The larger the initial diameter and impact
velocity of the droplet were, the more likely it was to splash. The impact angle had no significant effect
on droplet splatter. Because the surface of tea leaves was relatively smooth, no long fluff, and the surface
was suitable to be 108. 4.
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Tab.1 Adhesion droplet motion parameters

A/ " VWG EAR, EhREE, )RR
(°) o mm (m-s™) mm?
1 0.259 2.7280 0.162
2 0.272 2.459 1 0.171
3 0. 325 2.5676 0.202
4 0. 330 1.4252 0.156
5 0.371 2.0720 0.277
6 0. 389 5.9893 0.478
90 7 0.412 6.3586 1. 161
8 0. 409 5.9915 0.745
9 0. 442 14238 0. 403
10 0.513 6.4352 1.781
1 0. 563 7.2459 1.350
12 0.576 7.7247 2. 162
1 0.292 0.9780 0. 098
2 0.292 2.9828 0.243
3 0.314 3.2181 0.258
4 0.327 41427 0.292
5 0.331 1.0349 0. 209
6 0. 348 1.756 6 0.238
7 7 0. 365 7.079 1 0.456
8 0.381 4.8703 0.476
9 0. 396 5.8514 0. 489
10 0. 440 42623 0.951
1 0. 440 4.8855 1. 046
12 0. 500 1.5347 0.476
1 0. 249 1.316 1 0.124
2 0.326 11547 0.177
3 0.331 11212 0.121
4 0.337 1.968 3 0. 300
5 0.337 3.9825 0.319
6 0.391 2.5755 0. 545
60 7 0. 396 1,110 4 0.173
8 0.415 3.1572 0. 645
9 0.419 1.3980 0.219
10 0. 465 2.3769 0. 661
1 0. 504 1.5162 0. 460
12 0.524 1,480 1 0.471
1 0.270 1.8510 0. 098
2 0.281 2.5736 0. 166
3 0. 295 1.4520 0.137
4 0. 340 1.066 1 0.141
5 0. 343 3.1069 0.287
6 0. 399 3.5571 0. 205
4 7 0. 405 4.8786 0.730
8 0.412 0.7170 0. 180
9 0.417 2.8902 0. 166
10 0.454 1.2163 0. 401
1 0. 463 3.9338 0.577
12 0. 555 2.6005 0. 869
1 0.272 2.4290 0. 190
2 0.281 1.5175 0. 104
3 0. 385 14410 0. 485
4 0.391 1.2975 0.472
5 0. 406 41407 0.936
6 0.411 1.7497 0.224
30 7 0.428 1.5033 0.551
8 0.436 4.6834 1135
9 0.456 3.800 6 1.507
10 0. 455 1.456 8 0. 550
1 0. 520 1.3587 0. 545
12 0.533 1.3932 0.379
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Tab.2 Independent samples test of spreading area of initial diameter, impact velocity and impact angle
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¢ A PRI E ) ¥ifE2ME bRl 22 2548

D 53#115.0. 3 mm 6. 459 53. 740 <0.001 0.411 403 0. 063 690
AT ERFF L

v M EI 3 m/s 4. 402 24. 096 <0.001 0.513 686 0.116 686

ATFFZEFE W 1 60° 0.475 58 0. 637 0.053 952 0. 113 700

R3 ZEEFEENEHEE

Tab.3 Tests of within-subjects effects of multifactor
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R .82 1 1.822 37.672 <0.001 0.415 ﬂ[ﬁl,{ﬂé’i&ﬁﬁ*ﬁmyﬁ%ﬁ”ﬁ%{’ﬁwﬂq‘,%%Iﬂﬁ:}é}*}?ﬂjﬂ
i 0.388 4 0.097 2.003 0.107 0.131 2, ORI 90° Bt ol A1 AT I
WA 2125 1 2,125 43.929 <0.001 0.453 3.2 RHELRER K
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Tab.4 Tests of within-subjects effects of different size droplets
eSS b/ I A J7 0 EREELC S ¥y F P T £, F I8

T IFASE Y 0. 003 4 0. 001 0.216 0.919 0. 147

R 0.194 1 0.194 58. 604 0. 001 0.921

fi o A 0. 003 4 0. 001 0.216 0.919 0. 147
D=0.3 mm R 0.017 5 0. 003

Bt 0.242 10

BEE BTt 0.019

MEIEAR T 1.795 4 0. 449 2.651 0.045 0. 191

R 15. 684 1 15. 684 92. 687 <0. 001 0. 673

T £ 1.795 4 0. 449 2.651 0. 045 0. 191
D>0.3 mm R 7.615 45 0. 169

582 25.131 50

RIE ST 9. 409 49
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R PO T A AR IR TR S8, ik S
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4 F7R . ARSI PR AR R R A
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T4 o 8 VR R R SR R WA A 4K
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B EME, H P EB/NF 0.05, R HE FIH R
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Tab.5 Motion parameters of splash droplets

x6 WBERDRELREE » MR ZTBESH
Tab.6 Binary logic analysis of splash by D and v

fdf/ (o) WA

WA EAR/mm EdEE/ (mes™1)

1 0. 505 7.745 1
2 0. 623 5.4555
3 0. 662 5.5591
4 0. 660 6.724 4
30
5 0. 659 10.2290
6 0.729 8.4017
7 0.737 8.6132
8 0.725 7.7672
1 0. 665 7.958 4
2 0. 681 8.1855
3 0. 638 8.2490
4 0.570 9.0513
45
5 0.772 8.1947
6 0. 458 6.8358
7 0.775 9.0977
8 0. 626 7.2923
1 0.639 9.2870
2 0.616 6.840 6
3 0. 596 6.7443
60
4 0.530 5.5679
5 0.671 8.986 6
6 0. 666 9.2493
1 0. 781 9.8970
2 0. 750 9.7358
3 0.632 8.144 4
75
4 0. 891 10. 3350
5 0. 450 7.5999
6 0.524 10. 648 0
1 1.116 9.597 4
2 0.971 10. 1710
3 0.776 8.9709
90
4 0.923 9.9723
5 0.727 6.729 6
6 0. 629 7.060 3
— K =1084 o g
LT K =577 Ok
08 .8 &
= a o ot
E O G Y5 9B
S 06f - NG | g0 B 8
= LY D e
F0al sole 000G 42 °
B Be™ . 4 N
* .. .
0.2
0 2 4 6 10

{7 B E (m-s7')

B4 i Gkl i h £k
Fig.4 Droplet splash critical curves
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