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Splashing mechanism of microplastic particles under drop impact//Qian Shangtuo', Hu Ke', Ye Han>, Yuan Min*,
Zeng Qin’, Dong Shunan', Feng Jiangang' , Xu Hui'( 1. College of Agriculture Science and Engineering, Hohai University;
2. College of Water Conservancy and Hydropower Engineering, Hohai University; 3. Rural Water Conservancy Management
Center, Fenghua District Water Resources Bureaw, Ningbo City; 4. Weihai Water Conservancy Affairs Service Center)
Abstract: To reveal the potential mechanism of rainfall on the diffusion of microplastic pollution, a drop impact experiment
was conducted on the microplastic particle layer. High-speed photography was used to capture the flow regime after drop
impact on the microplastic particle layer, and a flow zone map was established to determine the threshold between each flow
regime. The influence of characteristic parameters on the flow regime after drop impact was also analyzed. The results
indicate that the flow regime of drops after impacting the layer of microplastic particles includes bouncing, spreading,
coronal splashing, and prompt splashing. Increasing the Reynolds number Re,, Weber number We,, relative size D" of
microplastic particles, or relative thickness A" of particle layers can promote the transition of the flow regime from bouncing
1o spreading and then to coronal splashing or prompt splashing. A dimensionless number M=D" h* We,Re;”” is proposed
based on Buckingham 7 theorem for identifying the threshold between different flow regimes. The mechanism of drop impact
on the splashing of microplastic particles includes forward collision and viscous carrying. The former exists in all flow
states, while the latter exists in bouncing, coronal, and prompt splashing flow states. Compared with viscous carrying,
forward collision driving is more likely to cause large-scale propagation of microplastic particles.

Key words: rainfall; microplastic pollution; drop impact; splashing mechanism; flow regime; high-speed photography
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Fig.1 Schematic diagram of experimental setup

TR R HT 3 A [F] R4 51 ) S0 R £ 45 2%

I (PE) R ME (PA) FIERXS 2R — W iR £ — iR
(PET) JURi % B (p,) 4031 0.9 1.1 (1.3 g/em’,
Hrb PA BER T 3 RN B RLRLAR (D), 4351 K
20,30.50 wm,PE 1 PET W URIKIAE R 20 pum, B
EEfE B H T EA M TARAR (T MaAF) 2
f, Tian U5 (R ABE A BT 45 B F A, A& H £
e AR M FRIROK  HUR K P OB R AR 2 B
PE .PA PET RN (PP) REA LM (PVC) 55, KL
RIEFEA 0. 02 ~5 mm , 28 B AR SCI%E A T 98 R 2k
FUORRAS HA B R AR . K OB R URE
A BRSPS ORI Z . 75 A SR HERR
B S, SR A R W R, LU DR OB R R 2
ERIEF-HE B 5], Hilee T 3 FloAS[R] S BE i ok
WURLZ  JEE(T,) 230020 1.3 .5 mm, 3 Fp R
BT BCE A 3185 ~26 292, F AKX H 14
H41~1690, XITH HAEHN 2.7 ~4. 5 mm, B FP
T AT 3 R T, DAHERR (5 SR M X 50 1Y

T

VRO W SRRSO 2 1% 3o AR 3 5 2 2 Wb i
3k (atx-i 100 mm F/2. 8, Nikon) A9 /& 3 #H #l
(Phantom v211, Vision Research) 4%, # LED %J
(SP-E-360D SpectroLED , Genaray ) ‘& T = # AH AL 1E
HIVERDEIR . SR AT IEFAR AR P A 7 =X TR
SR th b RO BHIURLZ 5 Wi A . EAH ROULER
YOOI ek i I A RN R S RSO R ML AR 41 ]
TR AL SR URL 2 1 (0 Bl e S . I
RAEMWTR N 2200 Wi/s, TEFIAERT  BREIE LN
BE ,RH Dy=(D,*D,) " TEWRH Y iR B AR
H D, SRR K5 8 AR, D, SRR 5 )
AU YR s IURE J2 AT — i1 8 A A b
B w,, AT AR W T 2 (] Ay I E] )RR DL K
“TrackMate” 47 400 2t Fif J= 0 Wi 7R 1) 7 B AR A
FPFEEN ARAE Okawa %51 (YBIFSE, AL — 481
T 45 140 YR T A A o o R 5 L SEAEL 2Z F) ) 1R 22
GrN 4% 2% , SEIIAG AR W IR AL T
SRARAIL R T T, W AR A o i I = 4 2
(] 45 5 3] - T A 7 I 58 22 ] DL 2SN T

3 ABERSLMW

3.1 REARSEMERBAERLE

TR ik O RHIURL RS A TR A 4 i ik |
B JREAR QBRI PR R, 1A 2 D 9 O A Y it
TUPRIR 00 -5 0K = 3R i Ak e | 22 32 BIVB0RL =
MY AT A A= T AL | B 800 5 40
SPAR TR, WG R 55 URE R 42 T [ 3
VRO 232 WS 4 1 P s R, SR T, s ) b i Bl
BB, B, R 2 e VR TR v el 2= R0
HURLJZ 2 10, T2 SRR - ORI S 4, LR, W
TR & P SA T B TR 2 2 b B —
oM B 1T I EL TR BE B P T, AR B SR BRI AS
T OB LR AR P SE B, LRI i A UL 1] BA
W, — T WG R b SRR I AR

t=0ms t=4.55ms

A
BOBRF%: PA

MURRIAE: Dp=20 pm

WEE: D=45mm ,_( .o
BURLZIESE: T,=5 mm

Wl H=40 cm

—

t=17.73 ms t=36.81 ms

§FE =]

= ey

t=227.25 ms

2 GEBLRASH BRI

Fig.2 Typical snapshots of bouncing regime
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Fig.5 Typical snapshots of prompt splashing regime
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Fig. 6 Analysis results of impact of feature parameters on flow regime
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