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Application of the one-fluid model of solid-liquid multiphase
to turbulent flow with a permeable rough boundary
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The bed surface of gravel-bed rivers is considered as a permeable rough boundary. In this study, numerical simulations
based on the Manes’ experiment about turbulent flow over permeable rough bed were conducted with One-Fluid
Boundary method (OFB) which makes the boundary shapes with the Cartesian coordinate system using volume
fraction of solid phase “a” in calculation cells. Effects of cell sizes and solid volume fraction “o” on flow structures
were discussed. It was shown that vertical profiles of longitudinal velocity, Reynolds stress and turbulent intensity

followed the results of the Manes’ experiment only if precision of solid volume fraction “a” was high, and even if cell
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sizes are not small.
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Fig.1 Concept of OFB.
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Fig.2 Evaluation of solid volume fraction with sub-cell.
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Tab.1 Hydraulic conditions of the Manes’ experiment.

flow depth H[mm] 42
slope of the bed I,[%] 0.25
bulk velocity Ulm/s] 0.39
Reynolds number ~ Re=UH/v 16380
friction velocity us[m/s] 0.0308
Lz=10d:2.‘9H
velic et
T et = cyclic cyclic H=3.5d
| 42 [mm]

Dezadgon <12 Imml

Ly=10d=2.9H ™ 288 [mm]

120 [mm] 7
V\LX

Fig.5 Computational domain and boundary conditions.
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Tab.2 Conditions of numerical simulations.
casel case2 case3 case4 case5 case6
d[mm]: sphere size 12 12 12 12 12 12
A[mm]: cell size 2.4 2.4 12 12 0.6 0.6
d/A 5 5 10 10 20 20
o subcell-8 subcell-216 subcell-8 subcell-216 subcell-8 subcell-216
Asub[mm]: 12 0.4 0.6 02 03 0.1
sub-cell size
d/Asub 10 30 20 60 40 120
Computational LxxLyxLz = 24dx10dx10d = 6.9Hx2.9Hx2.9H
domain (Fig.5)
defs]-time Stepfor ¢ o 0 50004 250E-04 250E-04 125E-04 1.25E-04
fluid-motion
dt_turb[s]: time
step for turbulence 1.00E-03  1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03
sampling
y Plane view
A
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lley li
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Fig.6 Definition of measurement lines and points.
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Fig.7 Density distribution at the top line (a) and the valley line (b)
(subcell-216).

IZHEILTUVNA. dA= 10 DFSHZBO T HEROTGIR AR TE 5
B3, SERIZIRFE & HIE SN DRI Y, dA=20 DD L XL
e LTSV, E£72, dA=5 OZMETIE, EHHERRFTEROIR
AR D T EMTET, ERONFEE %, [EFR & E D
ROIRATE GERRCHRAOHER, 0<a<l) SHEL TV,
TRAEHROZIZER] At 13, KGEEFEEE A= 2 —F VB
01 L72D X OICERE LTz, ETELROYT 77U o ZRENS, i
) L [ARRIZ, R TR e e RIER ko) 100/ UL IS 72 5 KD 12
BRI L7,
k > 100 @)
L

2]

3 Copyright © 2018 by JSFM



(a) top line
Subcell-8 Subcell-216

0.05
main region

0.00 —
permeable
layers

-0.05

% 32 ABIERENFE L VRO L
E11-2

(b) valley line
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Fig.8 Snapshots of longitudinal velocity at two lines.
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Fig.9 Velocity profiles in the main region.
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Fig.11 Snapshot of vertical velocity in the permeable layer (case6).
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Fig.12 Distributions of shear stress near the bed.
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