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Forces Acting on Sediment Particles near Bed Under Oscillatory Flow
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(State Key Laboratory of Hydraulic Engineering Intelligent Construction and Operation, Tianjin University, Tianjin
300072, China)

Abstract: Sediment transport plays a significant role in the morphological evolution of coastal areas, with the drag
force acting on sediment particles being the primary driver of movement. When discrete particle models are used to
study the sediment transport, the accuracy of the drag force acting on particles directly determines the reasonableness
of calculated sediment transport patterns. Therefore, the investigation on forces acting on sediment particles near the
bed (wall) under wave actions is crucial for a deeper understanding of sediment transport mechanisms. In this paper,
a particle-resolved model is employed to simulate and analyze the forces acting on one single sediment particle at
varying distances from the wall under oscillatory flows of different periods. Simulation results indicate that, for a
given Reynolds number, the drag force coefficient decreases with the increasing oscillatory period, while it in-
creases as the distance to the wall decreases. When this distance exceeds five particle diameters, the influence of the
wall becomes negligible. With a reference to the drag force coefficient of a cylinder under an oscillatory flow, a fit-
ting formula is derived for the drag force coefficient of particles under oscillatory flows as a function of the Stokes
number and Reynolds number based on simulation results. Furthermore, inspired by the wall correction form of the
drag force coefficient of particles in an open channel flow, a wall correction formula is derived for the drag force
coefficient as a function of wall distance and the Reynolds number.
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Tab.1 Values of computation parameters for hydro-
dynamic validation
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Fig.2 Flow velocity distribution in boundary layer simu-
lated using LES-WALE (@' f =nn/9,n=1,2, -,
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Tab.2 Values of computation parameters for lift force
coefficient validation
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Fig.3 Comparison among lift force coefficient curves for
different models
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Tab.3 Simulation cases and corresponding results under
variations in period

Re, |Tls| KC | 1B C{’ﬁ Cheng 23 JISHEIE

HUAE AP EX
25 | 2 500 | 2 | 2.557 2274 1124
25 | 4| 1000 | 4 | 2462 2274 1.083
25| 6| 1500 | 6 | 2415 2274 1.062
25| 9| 2244 | 9 | 2348 2274 1030
25 | 12| 3000 | 12 | 2265 2274 0.996
25 | 15| 3755 | 15| 2223 2274 0.978
75 | 2| 1500 | 2 | 1327 1252 1.060
75 | 4 | 3000 | 4 | 1205 1252 0.963
75| 6 | 4500 | 6 | 1.145 1252 0.914
75| 9 | 6750 | 9 | 1.084 1252 0.866
75 | 12| 9000 | 12 | 1.035 1252 0.827
75 | 15| 11250 | 15 | 1.023 1252 0.817
10| 4| 400 | 4| 4611 4151 1111
10| 6 600 | 6 | 4611 4151 1111
10 |9 90.0 | 9 | 4395 4151 1059
50 | 4| 2000 | 4 | 1581 1538 1.028
50| 6| 3000 | 6 | 1534 1538 0.997
50| 9| 4500 | 9 | 1.449 1538 0.942
100 4 | 4000 | 4 | 1.003 1.092 0.918
100 6| 6000 | 6| 0.956 1.092 0.876
100 9 | 9000 | 9 | 0.900 1.092 0.824
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Fig.4 Effect of Keulegan-Carpenter number KC on drag
force coefficient Cy, with Re,, of 25



2025 43 H

W WA RGN TR E D 0R 32 S5 - 327 -

F R A IE R, AT TR 5 i A 1 0k

Hi L ST LSRN Cheng AP A TIEIE , B
CD = )“CD,O (10)
SHEPRG AT B 5 AP, 51A
WHETETEL B = Rey (KC) = D/ (VD) VR 1014 R 1B

IERBA MSE. RIS R 00, EEIE 25
A Bl 1B AL R AT RN N
1 B
A=4|— (11)
7
A=-0.001 1Re, +1.2292 (12)
B =-0.0009Re, —0.052 5 (13)

K5 BoR TR D ~ 13) AR RS
WAER PR BA AR, il 53 3 IrA R
SRR T HRL, AT IO LA A U st iR 1 AN
JRSANAN [ A0RE T v R P T BRI 1 2R

5

AA

4k

o
& 3
;};
&) P
o BEIEIG
i « BT
1 2 3 4 5
CobEMi

5 HERARMBEMETUSE G5B W)
PR
Fig.5 Comparison between simulation and fitting values
(with consideration of effect of period) for drag
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Up A 0.100 m/s, R SRERIFEES /D 53900 0.60.
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Tab.4 Simulation cases and corresponding results under
variations in distance to the wall

WD | U/(m/s) | Re, |T/s| CoBifPlfii | BEMMBIERE y
0.60 | 0.010 41 | 6| 10227 1.136
0.60 | 0.025 103 |6 5.090 1.149
0.60 | 0.050 206 | 6 3.127 1.150
0.60 | 0.075 309 |6 2.480 1.194
0.60 | 0.100 412 | 6 2.080 1.209
0.85| 0.010 56 | 6 7219 1.023
0.85| 0.025 140 |6 3.698 1.038
0.85| 0.050 279 | 6 2.368 1.066
0.85| 0.075 419 |6 1.847 1.085
0.85| 0.100 558 | 6 1.554 1.102
1.10| 0.010 68 | 6 5.930 0.984
1.10 | 0.025 171 | 6 3.082 0.997
1.10 | 0.050 342 |6 1.970 1.014
1.10|  0.075 513 | 6 1.508 1.011
1.10 |  0.100 684 | 6 1213 0.985
1.60 | 0.010 87 | 6 4.809 0.961
1.60 | 0.025 218 | 6 2.540 0.971
1.60 | 0.050 437 |6 1.603 0.968
1.60 | 0.075 655 | 6 1217 0.959
1.60 | 0.100 874 | 6 1.003 0.963
2.10| 0.010 99 |6 4377 0.958
2.10|  0.025 247 | 6 2.365 0.982
2.10|  0.050 494 |6 1.483 0.971
2.10|  0.075 742 |6 1.140 0.977
2.10|  0.100 989 |6 0.931 0.976
500 0.010 102 |6 4457 1.001
5.00 | 0.025 256 | 6 2.378 1.011
500 | 0.050 512 | 6 1.496 1.002
500 | 0.075 768 | 6 1.128 0.990
500 0100 |1024 |6 0.942 1.013
10.00 | 0.010 100 |6 4.655 1.027
10.00 | 0.025 250 | 6 2.415 1.011
10.00 | 0.050 500 |6 1.535 1.012
10.00 | 0.075 750 | 6 1.145 0.988
10.00 | 0.100 | 100.0 | 6 0.957 1.010
2.2
—=— Bl
el —o— AR TE A R
o 1.4

0.6 | L R |
1 10

h/D

6 PR 6sF Uy 0.100 m/s BT ELNEEE h/D 3t
HERARE G K%M
Fig.6 Effects of dimensionless distance /#/D on drag force
coefficient C, with 7of 6 s and U, of 0.100 m/s
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Fig.7 Simulation results and fitting curves of correction
coefficient n

Takemura 250 RFFE 2, BE I A77E 5 | 4
JE A B S i BE T M B3GR 1 AN EERE. X T
PR , 0 RE i PSR A AR B 2 v, A
8 Fizn, X4 WD f 0.60 e, Jokr 4RI 47 F i 7=
P, 55 ISR — ISR X A 6 L 7 A B
REM. B B N, 24 /D Sk 1.60 1 2.10 B, 58

25

® //D=0.60
® n/D=0.85
h/D=1.10
h/D =1.60
h/D=2.10
& h/D=5.00
15 @ h/D=10.00
— VA

201

10} )

| /‘#‘A
0 1 1 1

0 02 04 06 08 1.0 1.2
B8 #RFRRmARIESTn R ABXT M B B B

Fig.8 Maximum flow velocity distribution of oscillatory
flow and corresponding positions of particles
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Fig.10 Comparison between simulation and fitting values
(with consideration of effect of distance to the
wall) for drag force coefficient
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