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1 FLOW-3D® 
 

  
Moving and 
deforming 
objects  
Particles 
model  
Porous media 
model  
Sediment 
scour model  
Scour 
potential 
model 

 

Shallow water 
model  
Viscosity and 
turbulence  
Wave 
boundary  

 
3.1  

FLOW-3D® 

 Naiver-Stokes 
 

3.1.1 FLOW-3D®  
(1) (Mass Continuity 

Equation) 

V uA vA wA R Rx y zF DIF SORt x y z
 (1) 

 VF ρ 

RDIF RSOR 

(u, v, w) 
Ax , Ay , Az  X, Y, Z 

 
 

x x y y z z
R A A Azx yDIF  (2) 

 
cpμ/ρ  μ 

 ( ) cp 

 (turbulent Schmidt 
number) (5)
RSOR 

 
 

1
x y z

R uA vA wAzx ySOR  (3) 

 
 u, v, w 

x, y, z 
Ax , Ay , Az 

 X, Y, Z 
  

 
(2)  (Momentum Equations) 

 Navier- 
Stokes Equation  (X, Y, Z) 

 (u, v, w)  
 
1

1 ( )

u u u uuA vA wAzx yt V x y zF
RP SOR- f u ux sx VF

 (4) 
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y s
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v v v vuA vA wA
t V x y z

RP- f v v
y V

 (5) 
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x y z
F
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z s

F

w w w wuA vA wA
t V x y z

RP- f w w
z V

 (6) 

 
us , vs , ws

fx , fy  ,fz  X ,Y ,Z 
 

 

F x x xx y xy z xzV f wsx A R A A
x y z (7) 

 

F y x xy y yy z yzV f wsy A R A A
x y z (8) 

 

F z x xz y yz z zzV f wsz A R A A
x y z (9) 

 
 wsx wsy wsz 

X Y Z (wall shear 
stress) ij I

 j  
 

12
3xx

u u v wR
x x y z  (10) 

 
12
3yy

v u u v wR R
y x x y z  (11) 

 

12
3zz

w u v wR
z x y z  (12) 

 

xy
v uR
x y  (13) 

 

xz
u wR
z x  (14) 

 

yz
v wR
z y  (15) 

 
FLOW-3D®

NSE  
RNG -

VOF  
FAVOR  

FLOW-3D® 

 
(3) FLOW-3D®  

FLOW-3D® 
 

(Successive Over Relaxation, SOR)
 (Alternating Direction 

Implicit, ADI)  
(Generalized Minimum RESidual, 
GMRES)  GMRES  
CPU 

 
NSE 
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FLOW-3D® 

 
GMRES 
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 (19) 

 p  n+1  1np  
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 Hirt-Nichols 
(donor-acceptor)
 n+1  F 

 
(4)  

FLOW-3D®

Prandtl
-
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(Large eddy simulation)
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FLOW-3D® 
 

(5)  

 
A.  (Bed shear stress) 
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1 Yu u vk k
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 (Von Karman) ks 
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roughness)  ks 

 
 

50s sk c d  (21) 
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 cr,n 
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Soulsby-Whitehouse  
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, , ,

N

s m s m s tot f
m 1

c 1 cu u u  (42) 

 
u  NSE 

 
F.  

 
ModelSetup > Physics > 
SedimentScour  (code 
SSNAME)  (code SSDIA)

 (code RHFSS 
 2.65 g/cm3)  

(code SSCRT  0.05)
 (code SSDFCD  0.5)

 (code SSEDTRF)  
(code SSBDF  8)  
(code SSANG  30) 
FLOW-3D®  
SSCRT = 0.05

 Rouse Reynolds number
FLOW-3D® 

 Model 
Setup > Meshing Geometry  
Geometry  
(Component)  Packed Sediment 

 (Packed bed) 
 CAD 

 STL 
 100%

ModelSetup > Boundaries > Sediment 
Concentration

3  
 

 

3  
 

3.2  
3.2.1  

FLOW-3D®

Stokes 5 Stokes 

 
4 Stokes 5

 
 

 

4 Stokes 5  
( 2016) 
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 +z
 x  y  H 

L T 
 h =   

 +z  
  c  (43)  

 
2 2, ,Lck c k
T T L

 (43) 

 
 k 

Stokes 
 

 (Lee, 1994)  
 

 (44) 
 

 (Laplace 
Equation)

 
 

,u w
x z

 (45) 

 
 (x = 0 t 

=0)  

  = KH /2
 

 
 

2

22

3

31

4

42 44

5
53 55

53 55

( , ) cos cos 2

(cos cos3 )

( cos 2 cos 4 )

( B )cos
cos3 cos5

x t d kX B kX
k k

B kX kX
k

B kX B kX
k

B kX
B kX B kXk

 (46) 

 
1/2 5

0 3
1 1

( , , ) cosh cos
i

i
ij

i j

gu x z t U C A jk jkz jkX
k

 (47) 
 

1/2 5

0 3
1 1

( , , ) sinh sin
i

i
ij

i j

gw x z t C A jk jkz jkX
k

 (48) 
 

 X = x ct kX = kx t  
Aij Bij  C0  kd 

 Stokes 
Stokes 

  
 

 
1/2 2 4

0 2 41/2 0
( ) 2 2

k kH kHU C C C
g gk

 (49) 
 C0 C2  C4  kd 

 (Fenton, 1985)  
(49) 

 k 
 (Fenton, 1988)  (50) 
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2 2

2
sec

(tanh sec )
hk
h d  (50) 

 

  
2

, cothd
g

 (51) 

 

  

 T(g/h)1/2 ≈ 
L/ h ≈ 10 (Fenton, 1985)  
3.2.2 Outflow  

A. Sommerfeld 
 (radiation boundary condition) B.

C.  (sponger 
layer)

 5 

 
(Davies, 1976, 1983)

 (Israeli, 1981)  
 

 

5  
 

 
FLOW-3D® 

 NSE  
 

1
strv c

t
U

U U U U U

 (52) 
 

 − c ( U − Ustr ) 
c 

 (time)-1 Ustr 

c  

1 0
0

c cc c s
d

 (53) 

c0  c1 
 

0.0  1.0 s-1  2  3 
 ( 2003)

 s
 d
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3.2.3 FAVOR  

FLOW-3D®  
FAVOR (Frac-tional Area/Volume 
Obstacle Representation) 

 (Control Volume) 

 (Deformation Mesh) 

 
3.3  

 
3.3.1  

6 Gladstone  (1998) 
 5.7 m  0.2 m  0.4 

m

 25  
 69  3.217 g/cm3

 FLOW-3D® 

 2 

 105,600 
 

 
6  (Gladstone 

, 1998) 
 

2  
  (25 m)  (69 m) 
Case 1 0 % 100 % 
Case 2 50 % 50 % 
Case 3 100 % 0 % 

7

 
3.3.2  

W 23° 45’ 
37.98”N, 120° 09’08.22”E 10.0 
m  

 
7 FLOW-3D®   

( Gladstone , 1998)  
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2 FLOW-3D®  
Option Setting Parameter 
Interface tracking Free surface itb = 1 
Flow mode incompressible icmprs = 0 
Fluid density 26  water rhof = 996.8 kg/m3 
Simulation units SI units = 0 
Temperature unit Celsius tunits = 99 
Activate Z component gz = − 9.81 
Viscosity Newtonian fluid ifvisc = 1 
Turbulence RNG  ifvis = 4 
Wall shear BC No-slip iwsh = 1 
Time-step Stability and convergence autot = 1 
Pressure solver GMRES 

convergence 
imgres = 1 
epsi = 0.001 

Momentum advection explicit 
first-order, upwind 

iorder = 1, alpha = 1 

Viscous stress explicit impvis = 0 
VOF advection split Lagrangian method ifvof = 6 
F-packing default cfpk = 1 
 
4.1 

 

11
1.5 km  2.5 km

 ( y)  1/20 
 ( x)  1/10 

 ( z)  1/10   
11 
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4.2  3
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3 FLOW-3D®  
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13 80  

 
4.4  

14 16  
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14 u  

 

 
15 v  
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16 w  
 

B.  

17  2 2 2u v w  
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 20.32 m   20.45 
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m (  1.5 ~  20.5 m)]  18 

 u   1.41 m/s   
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 0.43 m/s  0.53 m/s  18 
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  1.5 m  20 
 (  x)
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18 20 u,v,w
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C.  
510 sec  840 sec 

 0.05 
mm 19  
 

  
19 510 sec 840 sec

 

FLOW-3D®
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 (  113
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20

 
 20 2580 sec  
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5.3 
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 (12 km × 16 km × 50 m) 

 (800 m × 
800 m × 50 m) 
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B.  

 1.25 m/ssc  3 ~ 4 
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mm/hr 26 29
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