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22)5f 4

QO 2Kl 2

= 2412 Saint Venant & A! ol (S AH A7 RE5)

= Navier-Stokes YHA 2| o] & WHA(H+ Y THY)

= ZUHE/AIZEE W9l 1A 28 1 FAL

: SN AR UXE EY S0 MR 20}

= GIS, DEM, #l'd A2t S2F AH FAI(HEC-RAS 2D S)

0 0 O(H +h

%f—i—ﬁj jr? =— l (ip“ —g ( " )— I p'dz gc%:—l—(l»’ +V. )
ot Ox, £, Ox, OX, P, Ox

Nays2DH '| Hokkaido Univ, Flow and sediment transport model

Nays2DFlood Hokkaido Univ, Flow model for floods

ELIMO Hokkaido Univ, Tsumami wave and reach time model

] Seoul National Univ, Transient/steady flow model

USGS, Flow and sediment transport model

USGS, Flow model with wet/dry, sub/supercritical flow

River2D Alberta Univ, Flow model and habitat simulations

Ref: http://i-ric.org
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- EFDC, Delft3D, CH3D v —

s =01 O

oOT gu Lo
- OpenFOAM, FLOW3D, CFX

velocity magnitude (m/s) Magnitude 3 z 2 7
] 2 3 Time: $115.250000 (s)

O s Y X2 20t
N OREZ2 52 s A
- T?l—r—'_—e _8':’ OH - =X : Mark Schmeeckle, Arizona State Univ.
= 6|>l_‘I A|>6OH, alzll—jer%ﬂ_ 6H/:l| UaS SHED Project, Sydney Harbawr Model
= SAFOHAI(EE Y BC s =
. =S50 oA
= ot L =& =hib

e =7 www.efdc-explorer.com
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Time: 63 sec

Monficello Dam
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Hydraulic jump

- R AN S E ‘('jc:)l Ol JT_O:| _EL o % XC->| f=1" | I|: Table 5. Numerical simulation studies of hydraulic jumps and inlet Froude number (F1).
- T —
AL [} . . Numerical Turbulence Resolution
90% fan o E AEI &ll O|_I I_I _g_ O Flow Field Description References Year Approach Model Dependence Study F
L = AL T — 3.25,3.41,3.58,
7|'_O|' =0 E H 7= ; 3.61,3.64,4.12,
O - L — o [} Lopez et al. [57] 2010 SPH k—¢ Meshless method 445 488 513
A Sl o e 5.24, 6.62,7.06,7.16
L El- x —|—2|' o E. Ol' Lagrangian Methods —
— 1 O —1— — grang mixing length
I ! :| I De Padovaetal. [58] 2013 XSPH and k—e Meshless method 3.90, 8.30
7 L0 140 _
IT — — - mixing length 2.58, 2.66, 2.70,
De Padova et al. [59] 2018 XSPH and k—e Meshless method 389, 4.99, 5.11
e —l —e —e
] - O=| -4 < ol O=| Chippada etal. [60] 1994 RANS STDk—¢ - 2,00, 4.00
=) o — H ) il
olo x| _,_I_ _'_l:A|' Zhao et al. [61] 2004 RANS STDk—e,k—1 - 1.46
E (=3 E () .
H— E o= o O Gonzalez and 2005  RANS STDk—e v 2.00,2.50,3.32
Bombardelli [52]
- S S e =) L Carvalhoetal. [14] 2008 RANS RNGk—¢ - 6.00
DES X LES& 8=2fk= 2L 1 0
Al O X &5 Abbaspouretal. [63] 2009  RANS STDk—e - 570, 5.80, 6.10
— O P RNG k —
o — =1 =) — - € 7.00, 7.20, 8.00
= _|_| 7| H‘l Ol A x| = OI'I" Ma et al. [64] 2011 RANS SSTk—w - 1.98
u — o ’ LES‘VOF H—= T = o 3.00, 3.30, 3.60
Ebrahimi et al. [65] 2013 RANS STDk—¢ - 3.60, 5.00, 5.70
0O 1| EFAH
—_ 6.70, 8.00
Bayon-Barrachina 2015 RANS IEPI\.I?SIPE’_—i' v 610
Eulerian Methods and Jiménez [66] RANS SSTk—w
Witt et al. [67] 2015 RANS realizable k — e v 2.43, 3.65, 4.82
Bayon et al. [5] 2016 RANS RNGk—¢ v 6.50
Witt et al. [68] 2018 RANS realizable k — e v 2.43, 3.65,4.82
Haradaand Li [69] 2018 RANS k—ek—w Vv 5.80
3.12, 3.88, 4.20,
Valero et al. [6] 2018 RANS  RNGk-e¢k—e¢ v 6.17, 6.37, 6.47,
8.27,9.52
Ma et al. [64] 2011 DES v 1.98
Jesudhas et al. [70] 2018 DES Vv 85
Gonzalez and
Bombardelli [62] 2005 LES v 2.00, 2.50, 3.32
Lubin et al. [71] 2009 LES - 5.09
Mortazavietal. [19] 2016  DNS Full solution v 2.00

of all the scales
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€@ Coumbia River(Chen et al., 2021)
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€@ Coumbia River(Chen et al., 2021)
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iver(Chen et al., 2021)
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T ALO|E OpenFOAM Solver HODenFOAM =2 M

= =85 P AN,
« 3709 HEEANAEAL Ol’S, s o)\r OI wtnz) e
= L= X}O|S(Lagrangian approach) & A&
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ol A= OpenFOAM Solver HOpenFOAM =2 Al
© sedFOAM(Sattar et al., 2017) © SediFoam(Sun & Xiao, 2016)
» O|SZAHX ML = Lagrangian model

Elevation |em|

particle velocity

0.2 0.4

0.6

@ sediDfritFoam(Olsen, 2023)
= drift-flux approach
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T‘—

X 0.0 500
.
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@ Colorado River(Alvarez et al., 2021)

= S} {20 DES & |AF O] Z 9
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@ Colorado River(Alvarez et al., 2021)

_)I\_E% 2D Egl(OpenFOAM) 7E:| U Magnitude (m/s)
WE A|UEE A%} s Al e
20| ©f 1km, &= 78-149m, =
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AXt 271 0.7-1.0m

Time-averaged velocity (m/s)

0.00 1.40 2.80

¥ Return
Main channel 4 .
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2=t Z0HHIA OpenFO.

HOpenFOAM = A
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Flow separation
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£ A3 (Yong et al., 2022)

22t S0HHIA OpenFOAM ¢

0= . |8
[— =1

HOpenFOAM = A

Equilibrium or Single
nonequilibrium size or Scour hole
Numerical Turbulence Sediment sediment multisize Sand slide tracking Free
References method/code treatment load formula sediment treatment method surface? Notes
Olsen and FVM, SSIM RANS (k-epsilon) Suspended load Equilibrium Single Limit maximum  Multiple No Scour prediction is not good in the
Melaaen (van Rijn 1989) bed elevation meshes frontal side of the pier; prediction at
(1993) change sides is acceptable; clear-water
scour only.
Roulund et al. FVM, EllipSys3D RANS (k-omega Bed load Equilibrium Single Adjust the bed Dynamic mesh No General good agreement along the
(2005) SST) (Engelund and load transport deformation centerline, especially the horseshoe
Fredsoe 1976) rate vortex. Live-bed scour.
Liu and Garcia FVM, OpenFOAM RANS (k-epsilon) Both loads (van Equilibrium Single Adjust the bed Dynamic mesh Yes Good agreement at the back of the
(2008) Rijn 1984b; load transport deformation pier. Discrepancies also observed
Engelund and rate elsewhere.
Fredsoe 1976)
Khosronejad FVM, FSI-CURVIB ~ URANS (k-omega) Bed load (van Equilibrium Single Adjust bed mesh  Immersed No The maximum scour depth is well
et al. (2011 Rijn 1993) based on mass boundary captured but the scour rate is
2012) balance method overpredicted. Clear-water scour
only.
Afzal et al. FDM, REEF3D URANS (k-omega) Both loads (van Equilibrium Single Adjust bed node  Level-set Yes Scour depth under current is well
(2015) Rijn 1984b; elevation based method captured but the scour depth under
Engelund and on mass balance wave is overestimated.
Fredsoe 1976)
Baykal et al. FVM, OpenFOAM URANS (k-omega) Both loads Equilibrium Single Same as Roulund  Dynamic mesh No Shape of the scour hole seems
(2015) (Engelund and et al. (2005) deformation adequate.
Fredsoe 1976)
Cheng et al. FVM, START-CCM+ URANS + HM Bed load (van Equilibrium Single Yes Remeshing No Proposed the improvement of scour
(2017) (relizable k-epsilon +  Rijn 1984b) prediction by using the augmented
Spalart-Allmaras) bed shear stress method.
Khosronejad FVM, FSI-CURVIB  LES model Both loads (van Equilibrium Single Adjust bed mesh  Immersed No The model is applied to the scour at
et al. (2020) Rijn 1993) based on mass boundary field scale.
balance method
Nagel et al. EVM, OpenFOAM URANS (k-omega) Two-phase model N/A N/A N/A Twao-phase No The prediction is good at the initial
(2020) version v1906 for sediment flow model stage, but equilibrium is
mixture underestimated.
Zhang et al. FVM, in-house code = LES Bed load Equilibrium Single Adjust bed mesh ~ Mesh No Scour depth at both upstream and
(2020) (Engelund and based on mass deformation downstream are well predicted by
Fredsoe 1976) balance the model.
Song et al. FVM, OpenFOAM RANS (k-omega) Bed load Equilibrium Single Slope limited Immersed No The maximum scour depth of the
(2021) version v2006 (Engelund and diffusion boundary vertical cylinder is underestimated
Fredsoe 1976) method but the model successfully captured

the scour around an object with a
complex foundation.
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- FHO0| ZTTt BF LA 2 <ALE 2HA[>
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- o= S ESZ FLESIY RO Flow B Fluid cell
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