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in laminar open channel flow
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Fig. 2 Simulated and theoretical velocities of laminar

open channel flow
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Fig. 3 Corrected drag coefficient

4 EEmMHAEREAMEAR

R b AR BB R0 A% 245 2R, 7 30 R 1 R
WA MIA A, 5 181E REGUA A
AT 8 Y N Y

(1) 4 Re,~0 B, #i ¥ J7 & IF 2 50% T 01 42
T34 6 T FE T R T 9 48 I AT B BE T A& 1F bR
¥ 00 ALh/D, (H—h)/DsRe,]=f[h/D, (H—
/D],

(2) Y UF0RL FE 25 0 Y O IS 5 RN 2 T 2 R 6%

L BICH—h)/D—>coH h/D—>colit, i 8 /1 & 1E
FEE T ICF i S b A5 PE VR R 57 4 o B 4
W8 IE CFR] FR B 5018 1E R EI0 L B A(oo, o0,
Re,) = g(Re,).,

(3) Y HURE s BH 2 9 IV 5 [ BE 31 5 Ch /D
=0.5) HW R KE LR K (C(H—h)/D—>) i,
Hi B2 48 I R BCSE T M 05 U b [ RE Y
TURLHE B, T 18 E &R B R BR W BE & IE R %0, BP
A€0.5,90,Re,) =5s(Re,),

BET & IE B AL f[h/ D CH— h)/ DR 4 SCilik
[22]45 i AR TE 2

FCh/D) =14 —0:6235

2h/D—0.11

T BB IE K2 g(Re,) Al F] ] Cheng™™ Ay
g5,
g(Re,) = (14+0.27Re, )" 40.47(Re,/24) X

[1— exp(—0.04Re%*)] (5)
2k B D) i W BE B TE R AL s(Re,) 2 7% SCHR[ 20,
21 BE9E . 5 28
s(Re,) =1.7009g(Re,) (6)
A 1.7009 K O’ Neil - HUISH#E T 405 H ) L vk 5
I/ INe v E0 20 v BE T 00 0] [ 4 T RE T L A ek i
T2 4 T B IEAE . BF £ (1. 0,00) =1, 7009,

A SCEAUAS B A 45 R B Re, 19 8L LA S
LR 2 SRS 3 AAAEMER R WA 3 iR, 1T LA
B AE b/ D AHIE YR BT A BE BURL ER 345 £ 1
K BRI EBOE R EH, 5 Cheng™ 45 11 1975 I
& TF bRk (5) E A AH I 09 A2 AR 5 7E B T EOH
PO AR h/ D BN IS K, HEEE h/ D
BT 0.5, A 3§ OB, 5 BE THE 1E oK B (4) Hf ik
MR —3, B, DU o 2018 TF R A (5) 5 RE T
16 T R (4) Sy BE Ay, 20 1 T A 4 B2 0 8 TE R BOR
IR B H— I D BT 2 0L 30 R R R 1
B 5 WA AR A5 T 3 S A R SR R L FE DA
3 (4,5) PRE PRI L ml [ XHHE R 18 1E R Bt
1Tk — BB IE , B A Ah 018 E 30 &, % & 1 30 6K
BOV R AR IE A W 2 B R = AN REE L S v X
N Y 4 B A8 TE R B0 AR A B

A =f(h/D)g(Re,) ("
=F(h/D)(1+0.27Re,)**¢ (8
FREHT H/D =10 B h/ H<0. 82 {5, H
TR &N
E—=1—ae "MP(1 —eP2R)
«a=0.1746, B, =0.3, B, =0.28 (9
W iR B8 E R AU A () RIAT 75 21 4

4



#2M #oHL %, VR B IRE R R F R 211

MR L Rk, RO A R B R
B 5 EERI A R AR 2Z W E 4 Fos , B R)Z
I A 2 AE T L J0kr BE T [B) BE 5 R B2 (h/ D <<
1.5) M kL T 5 80 Re, 200 25 B L& AR (7)
BHERNBIERBERER K. AR 18.6%;
M h/D=2.5 B RIS A IR 8 I 3=
ZE/NT 1550 Bk U, 20D g5 B4 B IE(E
ST Hi B, T B0 RE T AR I [R] 5 ) 1)
P A S PR NG, i =X (8) TR Y i
W R ECS BB 25 R B R 2278 5 Y LA (& 5).,

30r a/D
. " 055 v25
8 20F 10 5.0 R

A v

S ool 4155 <100 ”_1 VY
E o = o wmAdva .:“: $% @ « ‘
5} B |

10, . . A )

0.01 0.10 1.00 10.00 100.00

P4 5 MO IE s X TRNE A5 158 45 R Y L AR

Fig. 4 Result from function A; and from simulation
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Fig.5 Result from function A2 and from simulation
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Fig. 6 Drag results by CFDDPM with different formulae (Standard,Present, EWY) compared with high-resolution results
(force nondimensionalized by the particle gravity G)
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Fig. 7 Simulated sediment transport rate in laminar open

channel flow with experimental formulas
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Drag force of particle near bed in laminar open channel flow

XIE Lin', ZHANG Qing-he*?, ZHANG Jin-feng?, LIU Guang-wei’
(1. Key Laboratory of Engineering Sediment, Tianjin Research Institute for Water Transport Engineering,
M. O. T, Tianjin 300456 ,China;
2. State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300350, China)

Abstract: Drag force is the main driving force of sediment movement under water. At present, the drag
force formulae used in a coupled model of CFD-DPM (Computational Fluid Mechanics-Discrete Particle
Method) for water and sediment simulation near bottom, do not consider the effect of sediment bed-
induced wall effect. The drag forces of particles at different heights away {rom the bottom wall under
different Reynolds numbers in laminar open channel flow were simulated. Based on the simulated forces,
a modified formula for the drag force of a sediment particle near bottom under the combined influence of
bottom boundary and fluid inertia in laminar open channel flow was fitted. Compared with two commonly
used formulas in CFD-DPM, the standard drag force of a single particle and the uniformly hindered drag
forces for multiple particles, the fitted formula produced better simulation results when compared with
high-resolution reference values. When used in sediment transport simulation, the transport rate
simulated by the fitted formula agrees with empirical formula prediction. The application analysis

indicates that sediment transport simulation must be conducted above a rough bottom.

Key words: Drag force;particle near bed;laminar open channel flow;bed effect;finite Reynolds number
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