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Experimental Study on the Impact of Droplets on the Surface of Soybean Leaves

CUI Ying-tao, QIN Chao-bin,ZHANG Zhi, LIU Dao-qi, DONG Hui-feng, ZHANG Kai-fei, LI He
( Electromechanic Engineering College , Henan Agricultural University , Zhengzhou 450002 , China)

Abstract: In order to improve the utilization rate of pesticides in soybean plant protection machinery, this paper analyzed the
surface characteristics of soybean leaves, the biological characteristics of soybean leaves, measured the contact angle of drop-
lets on the surface of soybean leaves, tested the adhesion of soybean leaf surface, and further utilized a high speed camera re-
corded the process by which a single droplet hited the soybean leaf. The results showed that the dynamic pressure of the drop-
let impact caused the droplet to be embedded in the leaf surface structure, and the hairy structure could also penetrated and
ruptured the droplet, which affected the breaking law of the droplet impact process. With the increase of the droplet impact ve-
locity and the droplet size of 2. 25 mm, the diameter of the droplet spread increased firstly and then decreased. When the im-
pact velocity was 1. 34 m+s ™", the impact number was 55. 57, the maximum spreading diameter was 3. 94 mm. When the im-
pact velocity was =1.03 m-s™", the droplets appeared to be broken and splashed. As the impact velocity increased, the
number of droplets breaks, splashes and bounces off the surface of the blade increased rapidly. When the number was >
32. 83, there were different degrees of crushing and splashing during the impact of the droplets. When the impact number was
<32.83, the droplets did not break. The particle size was changed. As the particle size increased, the droplet spreading di-
ameter increased. When the droplet size was <2. 19 mm, the droplet rebounds after hitting the surface of the blade. When
the droplet =2. 19 mm, the droplet impact process had a rebound trend, but the impact of insufficient kinetic energy, high
adhesion of the blade and other factors, the droplets did not bounce off the surface of the blade. Therefore, the optimum value
was obtained when the impact velocity was 1. 34 m+s ™' and the particle diameter was 2. 19 mm.
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Fig. 1 Experimental setup
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Table 1 The droplet size corresponding

to different injection rates

TSR 10 4~ o it
Injection rate/(mL-h ") 10 droplet quality/mg

Droplet size/mm

10 0. 062 2.28
20 0. 060 2.25
30 0.058 2.23
40 0.055 2.19
50 0.051 2.13
60 0. 046 2.06
70 0. 040 1.97
80 0.036 1.91
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Fig. 2 Surface characteristics of soybean leaves
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Fig. 6 The same particle size and different speed impact soybean leaves

C —=— PHF0.89 m -

—— EF1.55m -

ol ol o = R o O
O - - = ST - -
T

0 2 4 6 8 10
8] Time/ms

VR 0 B BLA2 Droolet spread diameter/mm

7 RiEREENETLE
Fig. 7 Droplet spread time change graph
xR2 AREHEERBEREHE

Table 2 Drop speed of droplets at different impact speeds

fatih R WO R E R TR 3
Impact speed Number of droplet breaks  Droplet ejection
/(m+s™h) /A /A
0.89 0 0
1.03 1 0
1.25 6 1
1.34 12 5
1.43 26 15
1.55 31 21

] 8 JE R T R i 1 AR A I LR 7 43 o o 28

AP P, A5 G YR T fR E  E y L 9AR R 1R i
JE v ZHIAF A BRBOCR -
y =90. 651" — 188. 94x +96. 936 (5)
AR~ 30 (3) X R 3 e A AR I e R i S 1Y
BOR AT B, A R AR KT 0.95, A RUR
L3y S

24r
+ YRI5 Z0E Number of droplets popped

.E 211 — &ML Fitted carve
218t
o
2 15¢
g,
g 19k
812
W ol
B
o 6f
i
E 3r
£ 0, :

1 12 13 14 15
i #5 HE Impact speed/ms

8 WiHHHHESEREEUS ML
Fig. 8 Liquid droplet ejection quantity and impact

1.0

velocity fitting curve
2.3 FAEMEX/NRBRFHRTRE
22 AN 0 AR o ML AE 0. 89 mes T I
T BEAT BRI o0 2R, PRI, DA THT 11 428 AN [+)
RAR RN I, B SRR LT THEAR
MR o WORRLAR 73902 1.90,2. 06 F12. 19 mm Y
T R R A BB a9, Hob 1] 9a ik



966 K =

B 6 1t

TERIAE R 1. 90 mm B, f#d7 We £720.7,0 ~3 ms
TR o A R A K EAE 3. 47 mm 4 ~ 6 ms AR
TR BL 7 ~ 25 ms W HRUS A B g e, 26 ~
90 ms YRI5 I die ZOIR S MR A5 V& AR REAS it
A bo 9 WAL A 2. 06 mm I, f# i We %
23.9,0 ~3 ms i T A R RO E AR 3.53
mm 4 ~6 ms Y PHEETB , WO A WA R 2
W7 ~ 31 ms W X PHRUS— AW HA
SR ,32 ~97 ms WO L R ARSI
THASTEAEREA I R B, 1B 9c W AL AR 2. 19 mm
i, 8 We £025.5,0 ~3 ms W& iR 2
R EA 3.6 mm,4 ~7 ms V7 [0 3 B RGE A 9]
R AL 2 ~ 3 IR R # .8 ms — S 2R, W
T SRR, — ST , A L BB ff AR A i
PIILE .

HT P 10 R A A B R IR PO FEE o o 8 A
KRR — R T, BROAR R R/, $i o e At A
WiAE Ik, MRiA% <2. 19 mm B, i o 5 2 0
PR RIS, 2Ri4e =2. 19 mm W iy T 30050 4 R
R R AN 2 TS B P 0 A 2 e e A i
i, ANTRDREAR TR /DN B Y819 Wit 36 400 ik 3k 38 ) 48 o, e
7 We Frth 2181

P 1T S 1 o Fre O e AR S R AR i A2 Al
P, 75t AR 1R o B KBl I LA y SORLAR ¢ Z IR AT
R

y =2.651 65" —10.294x +13. 47 (6)

ARG (4) X RC i o R AR It fi KB R L
BERAEATIUE A DGR B R KT 0. 95, MIAHER

0 ms 1 ms

2 ms

3 ms 4 ms

7 ms

8 ms Fina state

a JFRIA21.91 mm

2 ms

7 ms

4 ms

3 ms

8 ms Fina state

b Wi RIAE2.06 mm

5 ms 6 ms
0 ms 1 ms
5 ms 6 ms
0 ms 1 ms
5 ms 6 ms

7 ms

Fina state

8 ms

¢ MR #2.19 mm

B9 E—mEARHNRR/NREERTRKEMRR

Fig. 9 Droplets hitting soybean leaves at the same height and particle size
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