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The influence of Reynolds number variation on the instantaneous velocity and motion trajectory of microplastics in water.
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Abstract: The study was initiated with the Reynolds number (Re), and three types of microplastics—polyethylene (PE),
polypropylene (PP), and polystyrene (PS)—were focused on. By employing the Lagrangian method, the longitudinal instantaneous
velocity and motion trajectories of microplastics in water were investigated using high-speed camera tracking and Tracker physics
software, with Reynolds numbers ranging from 300 to 580 and 580 to 3500, respectively. It was observed that at very low Reynolds
numbers, the motion trajectory of microplastics was approximated by a straight horizontal line, with small absolute error and
standard deviation. Reynolds number reached or exceeded the critical value (575~580), transition and turbulence caused a significant
increase in longitudinal instantaneous velocity. As a result, the original linear paths were deviated from by the microplastics. Overall,
a normal distribution was followed by the longitudinal velocity of microplastics in water. Greater deviation from the standard normal
distribution was exhibited by PS, along with more uneven instantaneous velocity fluctuations, and its travel distance in the flow
direction was found to be harder to predict. In addition, the total travel distance of microplastics was increased by 0.4%0~6%o
compared to straight-line motion, due to flow transition and turbulence.

Key words: microplastics; Reynolds number; instantaneous speed; trajectory
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Experimental setup schematic diagram, high—speed camera schematic diagram, and physical device diagram
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Table 2 Experimental treatment group in the H-Re region
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Fig.2 Time dependent longitudinal instantaneous velocity of microplastics at different Reynolds numbers in the L-Re region
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Fig.3 Time dependent longitudinal instantaneous velocity of microplastics at different Reynolds numbers in the H-Re region
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Fig.6 The motion trajectory of microplastics in the L—Re region at different Reynolds numbers
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Fig.7 The motion trajectory of microplastics in the H-Re region at different Reynolds numbers



6932 o

KoM R % 45 %

gt )T R IS B A PR ST
I 5% 780 bR B0 e T 55 SR I, HORS At At A2 AR) P A T AR
I35 B 1) OV AR SR FH B 73 45 211 2
NTF 1107 I AME. AN TR W 5 N RO ERE )5
P 0 AT o 57 18 0 6 1) A A DL ] 8 A R
K A2 By SR AR TR R (AR T A B I T
0.4%0~6%0. te 1 PP 1z 3l ok Fa iz 3l ik By fe b
T T WA G = A B 8, 5 5 [ ATis 8)).PP s
) S 25 (A 38 I AR A AE 0.6%0~1.3%0.2 [, 110 PS 12
) I\ BE 2 1R 3G 0 2 2 U B0 11 (0.4%0~5.1%0 2 [H]),PS
FE 7K IE B (1) B 2 RN 90T R A 2 TR IR K R R
o AHED.

0.6

(=]
W
T
-5
w2

N
~
T

¥=-2.77%10"-x+0.003
R k=-2.77x107

(S - Sx) / Sx(%)

¥ =-6.85x107-x+0.003
[ A% k=-6.85x107

ISy S
= o
T T
° .
e ,"'
-
] [ ]
o
[ ]
‘=

o
=3

y=-4.79x10%x+9.44x10*
R ke =-4.79x10"

1 1 1
0 1000 2000 3000 4000
Re

8 H-Re XA v £ MRz 3l s BE B AL T 10
pEvAE S ES R

Fig.8 Changes in the increase rate of displacement in the total

distance of microplastic movement compared to the mainstream

direction under different Reynolds numbers in the H-Re region

3 Wit

AHWFFEH Re=394 I, 4 8 Vi BRI, T 8 R
(132 Bl BRI AL 5 7K T2, H00) U 22 R AR THE 22 82
/N5 TR T BB B3 i I T TR T O (575~
580), TR AT (i 25 B A 1K) B 232 ) k. > i v
Bk LI R BR R S e A B T N 1) T
UK ) i R AT B S o ™ AR — s W ik s A
FP7.1994 4 Bradshaw ™™l it S2I6 i 5742 “split
mechanism( 7 B AL 7 AR S, DA N R X ) fie
REAE 73 ok J2 U 20 e R It 20 e P9 3 20 e b 23 i 3
AE - TR R R PRI RO BN . e AL 14 A

FEAROPE 2 IO AR FH Mayle R i Fft 43 it 1R K Sh Al
JE NS, AR BRI T i h AT A B P sh.
EER T EEER SR I DA N S NE 22 VA a1 TP
V-, BT B E VBT PRI 20 R A v I 2 e e 1) i A
T B2 P B, 5 W T B R I8 Bh LS. B AR SR TE I
RIS A ()1 2 T B 575~580, 24 76 WA E i i%u
Bl T, I 5 R P K B 1 7K A SR T AN BE AR FE S
(1 J2 OR3Pt S (1 Ik 30 1 H 8 21 30 T 1k
RO .

i LA BEATUAS R T T, i B BLAS e i S
SCHE RS W RL - B0 28 7T i U 9 AR ) DR B B
WU E 7 R A% 099 328 th v g LA B LR R
I 7E /N RS B BRREAE K HR (K32 Bh st )R 2
— IR ) B A B T — 2 A IS 5.0
HURHE K H IR (13X — IR 5 98 70 ks 45 /K H 11
2 )1 Beia gy FEATAE — 2 AR i T /K i ik 3y
(RIS ), fof 75406 B T A2 R ) 6 FH AT AR T AR 4k,
Ve VD UL RO R 52 01 B A7 AE ALY . DA b, At
FUH 2 7 10K 43 BT 08O B R 7K Hh 0 1) W b 3k
(AR AL R LA — 2 a8 PP Y AR S PR YT B
PEAN ) ) 52, 7K 5 [ A R (1) A7 7E 52 2% IR 5 VE
TR B TS Y b 25 S ORI YD IR B A AR 3R
K (p=2650kg/m’), 75 /K 3l Oy e B i ok B B
JF P23 T AT S S 2 1 G O R 2K T RS (K
IR, = PO B 7K ) LF T8 B B T %, Lk
JOUS RS TSN, A, B A VR B R R ks 7
B RGN ) L= A2 S K WA RS 38 Bl 5
S3H,3X 5 Khaldi 25541 Huang 255 F 97 2 2540
(17 Khaldi S5 5 & B3 Ik 20 19 s 55 - B AR A 2%
SRR TS Y GERRE ) = A B I o OV E L O L
R 52 110 ik 50y 58 AR (1) AL 5 4 1 U 1) 32 B
I Ah Huang 25 180 1L AF 5T 35 vt ik 29 %6 A 4 i v v %
WD) 2 53 280 R R B, i D JOk 80 i 5 ) 388 o 2 348 iR kT
TR T, I35 Yk B T B S .

T BER PR U BT 1 0 Rk sh AR R AR T —
SE TGN 1) R I 3405 H-Re X TR R BE B8 4 —
SE RT3 IN,5 PS 32 21 S FE 25 138 I 22 02 9% 3l 1,3 v
AE A TR R A2 239, ) . Saffman TF1. K
PR 7 254 T PO 3 Bkl 5 K (R AR A T
ORI e IS 5 AT 24 410 A R AE AR, PS
FLAT BR3P I35 5 HIXT 48/ Stride 4514



12 3

R8RS RO K P R R I E K B I I

6933

(VRIESU R I, PP S ) 1B IR AEZK i E 4k 24738,
TG T A+ b KR BN (CTAB) AL 3L Ji5 PP
2 B P AR O R i R P L
JEE R 2 20 53 (R 25 5 PP %o I W 535 1 ek B0 1K) o {1
AHEE PS B G )k B 43 A S N3 1 IE 2 40 A1
PS WFEK H (138 B ds B g SRR AA 2 X
AT 2.1 1 2.2 F 53 B HCEARL R e % T PS K&
P SRR AL P Bk SR N T S 4 T ¥ e i
Mg AE PS ARAEIK 1 7= A2 2 AR AT R% I 7R A ) B A
A 22 W 0 S ILREAT 1l 47 R B R A G
(13, LABIT PS A5 ] I R B A2 2% FH B A sl LA 1)
IRBEREIE RN T 5 SR 5T, Al LA BL R JLAN I
T AT RN Al A 30— 20 b 78 43 # LAl e L R4
& 1738 1 I A R A2 Bl B R B i 1
BV VO R B A — AR B A R K A T i e )y
A J I 2338 B R 1 b T Rk — 20 58 3 A0 R SR (M
G, FA TR AL T OpenFOAM B AFAE 8 )32 ki A%l
] B T JI0 52 20 PR A 058 2% 1R 00 s kL R I B AT
EAE AL

4.1 {E L-Re X, FHHERRIT (I Re=394), 0K}
(RN 1) T B2 AR /DN BB 650 A M W A 1) R AT B R2 80,4
B U 002 T K A 3 R W T TR U BN (575~
580), /K A Uit 2L (1 3 45 K B F ¥R T A5 R AR B0, A 1O
BHE— & FEJE bR A m B M 25 J5 AT (1) L 4k is
S,

4.2 TOERHE K A 1m0 53 A A 1A 4 A
76 L-Re X, B0 H B ANZ A5 0~1em/s 5K,
18 B B A T AKOF BRI 4 6] D8 2 RO AR fE 22 5%
/ITE H-Re XA T VB 003G R T3 R A vl
I A S K38 PSSR IE 24 A R
$ HA AR I SR R ARHE 22, 7= R R
I o T8 5 RO M R A AR K

4.3 RR L SOERLIE Bl R EE A T R
BINT 0.4%0~6%0 41 Lt PE Al PP PP iR KL PS iz
) SR B R N 2 WA 1R,PS TR K iz Bl VR 25
R S RS 2 18] 1) G 2R B e LA

SE -

[1] Gigault J, Halle A, Baudrimont M, et al. Current opinion: What is a

[2]

B3]

(4]

[5]

[6]

(7

[8]

[

[10]

(1

[12]

[13]

[14]

[15]

[1e]

nanoplastic? [J]. Environmental Pollution, 2018,235:1030-1034.
Bergmann M, Collard F, Fabres J, et al. Plastic pollution in the Arctic
[J]. Nature Reviews Earth & Environment, 2022,3(5):323-337.

Chen B, Zhnag Z, Wang T, et al. Global distribution of marine
microplastics and potential for biodegradation [J]. Journal of
Hazardous Materials, 2023,451:131198.

RRICBR M BUASAZ, 55 i 6 T XA 50 Rk e (i 5 3k e
[7]. " EFRERLE, 2024,44(3):1657-1670.

Song T W, Chen C, Duan B B, et al. Research progress of
coastal China

microplastics Chinese

Environmental Science, 2024,44(3):1657-1670.

pollution in areas [J].
Pan T, Liao H, Yang F, et al. Review of microplastics in lakes: sources,
distribution characteristics, and environmental effects [J]. Carbon
Research, 2023,2(1):25.

Isachenko I, Chubarenko I. Transport and accumulation of plastic
particles on the varying sediment bed cover: Open—channel flow
experiment [J]. Marine Pollution Bulletin, 2022,183:114079.

Akdogan Z, Guven B. Microplastics in the environment: A critical
review of current understanding and identification of future research
needs [J]. Environmental Pollution, 2019,254:113011.

Moodley T, Abunama T, Kumari S, et al. Applications of mathematical
modelling for assessing microplastic transport and fate in water
environments: A comparative review [J]. Environmental Monitoring
and Assessment, 2024,196(7):667.

Wu P, Huang J, Zheng Y, et al. Environmental occurrences, fate, and
impacts of microplastics [J]. Ecotoxicology and Environmental Safety,
2019,184:109612.

Dobrowolski B, Pospolita J, Wydrych J, et al. Improvement of flow
conditions before a four-way distributor in the dust system of
BP-1150boiler [J]. Technical University of Wroclaw, 2004,25:
2105-2112.

Maximenko N, Hafner J, Niiler P. Pathways of marine debris derived
from trajectories of Lagrangian drifters [J]. Marine Pollution Bulletin,
2012,65(1):51-62.

Jalon—Rojas I, Wang X H, Fredj E, et al. A 3D numerical model to
Track Marine Plastic Debris (TrackMPD): Sensitivity of microplastic
trajectories and fates to particle dynamical properties and physical
processes [J]. Marine Pollution Bulletin, 2019,141:256-272.
Simantiris N, Avlonitis M, Theocharis A. Simulation of the transport
of marine microplastic particles in the Ionian Archipelago (NE Ionian
Sea) using a Lagrangian model and the control mechanisms affecting
their transport [J]. Journal of Hazardous Materials, 2022,437:129349.
Ding Y, Liu H, Yang W. Numerical prediction of the short-term
trajectory of microplastic particles in Laizhou Bay [J]. Water, 2019,
11:2251.

Mendrik F, Houseago R C, Hackney C R, et al. Microplastic trapping
efficiency and hydrodynamics in model coral reefs: A physical
experimental investigation [J]. Environmental Pollution, 2024,342:
123094.

T R TR K Bl ) A i RO B K PR IRAT b (R R 5
[D]. HEPHERASH K, 2024.

Tan Y Q. Study on the impact of river hydrodynamic conditions on the

migration and its environmental behavior of typical microplastics [D].



6934

o[ F

ST
5%

B

45 %%

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Chongqing: Chonggqing Jiaotong University, 2024.

Ve PR, A e, 5 T REARLA I 22 0K D2 B (M. SR YRR

JEnt RS AU i ARAL, 2020:223-261.

Wen D S, Wang Y M, Gao H Y, et al. Engineering fluid mechanics
(hydraulics) volume one [M]. Fourth edition Beijing: Higher
Education Press, 2020:223-261.

Dichgans F, Boos JP, Ahmadi P, et al. Integrated numerical modeling

to quantify transport and fate of microplastics in the hyporheic zone [J].

Water Research, 2023,243:120349.

Kwon B G, Koizumi K, Chung S,-Y, et al. Global styrene oligomers
monitoring as new chemical contamination from polystyrene plastic
marine pollution [J]. Journal of Hazardous Materials, 2015,300:359-
367.

Biswas T, Pal S C. Emerging threats of microplastics on marine
environment: A critical review of toxicity measurement, policy
practice gap and future research direction [J]. Journal of Cleaner
Production, 2024,434:139941.

Gedik K, Eryasar A R, Oztiirk R C, et al. The broad—scale microplastic
distribution in surface water and sediments along Northeastern
Mediterranean shoreline [J]. Science of the Total Environment, 2022,
843:157038.

dos Santos Silva J, Cidade M J A, Panero F S, et al. Microplastic
pollution in the Amazon Basin: Current scenario, advances and
perspectives [J]. Science of the Total Environment, 2024,946:174150.
Claessens T. Analyzing virtual physics simulations with tracker [J].
Physics Teacher, 2017,55(9):558-560.

Nugraha M G, Kirana K H, Nugraha F, et al. Optimization of
rectilinear motion experiments using tracker Application [J]. IOP
Conference Series: Materials Science and Engineering, 2018,288(1):
012096.

R R 28, B AR, A5 B e P R A YR SR B A A i A e
ST [J]. WIEEZEAR, 2024,73(8):137-147.

Lei Z K, Wu Y R, Huang C Y, et al. Stability analysis of ring-like
cavitation bubble cluster structure in standing wave field [J]. Acta
Physica Sinica, 2024,73(8):137-147.

Yu S, Qin H. Modeling the effects of plant uptake dynamics on
nitrogen removal of a bioretention system [J]. Water Research, 2023,
247:120763.

£ 22T S T R e B WO R ) U BUE ST [D). P
TR, 2024,

Wang L. Simulation study on high Reynolds number transition
problems based on transport equations [D]. Xi’an: Xi’an University of
Technology, 2024.

Bradshaw P. Turbulence: The chief outstanding difficulty of our
subject [J]. Experiments in Fluids, 1994,16(3):203-216.

Mayle R E, Schulz A. The path to predicting Bypass Transition [J].
Journal of Turbomachinery, 1997,119(3):405-411.

[30]

B31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

Bakunin O G Stochastic instability and turbulent transport.
Characteristic scales, increments, and diffusion coefficients [J].
Physics—Uspekhi, 2015,58(3):252.

5, R, BUIR, A TE R AR AU I 2 5 B S TR B D)
TSI (9], JeVPISY, 2024,49(4):13-20.

Yuan Q, Wang C D, Luo Y Q, et al. A parameter self-adaptation
method for calculating incipient motion shear stress of cohesionless
non—uniform sediment [J]. Journal of Sediment Research, 2024,49(4):
13-20.

RO, 5 SRR T B, A5 R AT L DA A 7 o I R
L HWKB) ) [0 P EPR RN, 2025,45(5):2792-2805.

Wang M L, Zhang H C, Dong L Y, et al. Spatio-temporal heterogeneity
of vegetation cover and its driving forces in the Taihangshan-Yanshan
Region [J]. China Environmental Science, 2025,45(5):2792-2805.
WL E B AR TR v AR Bl R A 2 3 B
IOTE [J]. KA S g TR 2R, 2008,(1):15-16,22.

Huang D F, Wang W, Yu T, et al. Comparison and verification of
formulas for starting grain size of sediment in river modeling [J].
Journal of Water Resources and Architectural Engineering, 2008,(1):
15-16,22.

Khaldi N, Chouari Y, Mhiri H, et al. Pulsation effects on pollutant and
sediment transport in free—surface flow [J]. Environmental Pollution,
2016,219:685-695.

Huang H, Zeng S, Luo C, et al. Separate effect of turbulent pulsation
on internal mass transfer in porous biofilms [J]. Environmental
Research, 2023,217:114972.

Gidaspow D, Bezburuah R, Ding J. Hydrodynamics of circulating
fluidized beds: Kinetic theory approach [C].//United States, 1991
Conference: 7th international conference on fluidization, Gold Coast
(Australia), 1992:3-8.

Saffman P G. The lift on a small sphere in a slow shear flow [J].
Journal of Fluid Mechanics, 1965,22(2):385—-400.

Mei R, Klausner J F. Shear lift force on spherical bubbles [J].
International Journal of Heat and Fluid Flow, 1994,15(1):62—65.

Drew D, Cheng L, Lahey R T. The analysis of virtual mass effects in
two—phase flow [J]. International Journal of Multiphase Flow, 1979,
5(4):233-242.

Stride B, Abolfathi S, Bending G D, et al. Quantifying microplastic
dispersion due to density effects [J]. Journal of Hazardous Materials,
2024,466:133440.

Jiang Y J, Zhou S, Fei J, et al. Transport of different microplastics in
porous media: Effect of the adhesion of surfactants on microplastics

[J]. Water Research, 2022,215:118262.

TEETET 9T : 225 J%(2000-), 33, b 5N BF 5028, 53 M FTH5 e R
BT B ST w201806@126.com.



