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Spur Dike
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Spur Dike
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[ Cartesian coordinate system
Continuity eq.

oh o(hu) a(hv)
ot OX oy

Momentum eq.

o(hu) o(hu?) o(hw) __oH o 8(hu)}ra{va(hu)}

T + + \Y,
ot OX oy oXx p OX|  OX oy oy
o(hv) _ o(huv) o(hv*) B S _Va(hv)}r 0 {Va(hv)}
ot OX oy oy p OX|  OX oy oy

where h= water depth, u, v= average velocity, t,=shear stress,
p=water density, H= water surface elevation (=z,+h), z,=bed
elevation, v= eddy viscosity, t=time, and X, y= spatial coordinate in
Cartesian coordinate system.
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Cartesian coordinate system
Bed shear stress

e =pCfu\/u2+v2 Thy =pCfV\/u2+V2
Eddy viscosity
v=—uh
0
Shear velocity
U, =C,Ju? + V2

where C~=bed friction coefficient, k=Karman’s constant, u.=shear
velocity
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Bedload eq.

Kavacs&Parker eq.

q,, = 11w (l— S j{l— \/ZT*C coso, } Z(tan 0, —%j sgd
COS O, T. T. 0S

Hasegawa eq.

qby /V h T*c (’9Zb
e = Gy | N -
Sgd3 (U L. V.V, T. Oy

where t.=non-dimensional shear stress, T.=critical shear
stress,t..=critical non-dimension shear stress, 6,=bed slope,

p.=sediment density, s=(p./p-1), N.=Engelund’s constant, and
r.=radius of curvature.

1 1 oV ou oV ou
— U UV |+V|U——V—
I. (U2+V2) OX OX 8y 8y

Sanit Wongsa, KMUTT

Cartesian coordinate system

)

sanit.won@kmutt.ac.th




THAICID-RID: June 14, 2007

: Cartesian coordinate system
Sediment transport eq.

oz, 1 {aqu O, }_

_|_
oo 1-A| ox oy

where z,=bed elevation, A=porosity of bed material.
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Moving boundary-fitted system
Transformed rule

9 9
%t & M EZ" uy_1(m, =G |(u
& = T E;x Ny 8_&, v J —MNy F:x A
i Ty gy Ny E
oy on

where us, vi=average velocity components in the of &, ) direction,
t=time, and J=Jacobian of coordinate transformed.
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[ e Moving boundary-fitted system
Continuity eq.
g E i : h 0 M E _
ar(JjJr@&{(aﬁu )J+an[(nt+u )J 0
Momentum eq.

a—u};+(§t +u§)aa—tg+(nt +u“)%—ué+oclu‘“’ué +0L,u°U" + 0 u"u" - D,
oH oH | Ciu
=—0 I:(EJ)Z( + E.’i)@_é(ﬁ-’xnx + gyny)a} a I’:J \/(T]yug + E.'yun)2 +(_nxu§ _E:»xun)2

ou” ou” ou’
+(& +US)—+(n, +U" ) ——+0,u%U° + o,UU" + e U"U" - D
a n

C,u" 2 2
=—9{(n§+n§)2—i(imx+imy)%—2}— h; \/(nyu§+€;yU”) +(-nuf-gu")
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_ Moving boundary-fitted system
Sediment transport eq.

8ZbJr 1 abeJraqby _ 0
oo 1-A| ox oy

_ : N
E(ij-F L 9]0 + o8 =0
ot\J ) 1-Ajoc(J ) on\J )

where @5, qh=sediment transport rate components in the &, n
direction, respectively.

e [ OX . Oy X, . oy
q _(§X@S+ yaj (i n+§y8n
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Bank erosion mechanisms

(a-1) Erosion Denosition (b-1)

(a-2)

Erosion @/\

New boundary

Deposition

Fig. (a) bank erosion and migration, (b) bed aggradation and bank
deposition.
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Bank deformation

Bank Erosion
_.H‘)/
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Channel
Center-line

e
(c-2) New Channel New Channel Bank

Center-line
Old Channel Bank

Old Centerline New Cross Section

Old Cross Section

Fig. (c) bank deformation and renewal of the computational grid.
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CIP method (Yabe et al., 1990)
C=Cubic, I=Interpolated, P=Psuedoparticle

Advection phase: Gl +Uu e =0

ot OX

Diffusion phase: ol =3¢

ot
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| .
Jang&Shimizu, 2003

Conditions
L=12.0m,b=0.80m, q=4.501/s,1=1.0%, 6 = 40°

d=1.25mm &

Leveling
weater tank
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Experiment
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Jang&Shimizu, 2003

Experiment Results
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Jang&Shimizu, 2003

Conditions
L=12.0m,b=080m,qg=4.501/s,i=1.0%

nx = 83, ny = 26, Ax =0.1463 m, Ay = 0.0038 m, At = 0.005 s,
d=125mm

L=7.0m
Initial grid

time - 11 O0A00
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Flow vector and bank deformation

{1020, G410
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Run3- Nagata et al., 2000

Conditions

L=10.0m,B=0.30m,q=1.981/s,i=1.0%
d=1.42 mm

J=Umin.

i t=15min

s E=hllrmam.
"-._'-._'1__:-"'- ... E=HImIn

-.--"..-"_l‘F t=110min. _:

REun3(Exp.)

0 50 200

Experiment
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Run3- Nagata et al., 2000

Conditions

L=100m,B=0.30m,g=1.981/s,i=1.0%

nx =83, ny = 26, Ax =0.128 m, Ay = 0.0054 m, At = 0.005 s,
d=1.42 mm

time : 0.00500

Initial grid
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Run2- Morita et al., 2005
Conditions
L=6.30m,B=0.80m,qg=28.251I/s, i=1/2000
d =0.88 mm

Experiment
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Run2- Morita et al., 2005

Conditions
L=6.30m,B=0.80m,qg=8.251/s,1=1/2000
nx =50, ny = 20, Ax =0.126 m, Ay = 0.04 m, At = 0.002 s,

Bed elevation
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Initial condition
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Run2- Morita et al., 2005

Bed elevation

?

Streamline
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Velocity vector E I S22 ENLNEEN S FEEEEFESFEZ ZE OE EOE
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t =120 min.

sanit.won@kmutt.ac.th

Sanit Wongsa, KMUTT




THAICID-RID: June 14, 2007

Application 1

Conditions
L =80.0m, B =10.0m, g=50m?3s, i=1/2000,d = 1.45 mm

Bed elevation

Streamline
TEERER HHID 1] g Velocity vector

i —_—— > s
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Equilibrium

nsadeunundsvinande 2.0 was X win 0.3 mas Tagnaliviamg nu 20.0 was
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Application 2

Conditions

L =80.0m, B =10.0m, g=50m?3s, i=1/2000,d = 1.45 mm
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Spur Dike
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Natural Diversities River Methods

Hokkaido, Japan
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Natural Diversities River Methods

Before

Before
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Spur Dike Design

Straight Channel Section

Length 0.10B
Height 0.2-0.3H\ymax
Distance 2-4L,, 10-30H
Side Slope 1/20-1/100 - S
Bend Channel Section L., Length of spur dike
Length 0.10B Hywaer Average water depth

: H Maximum water depth
HEIth 0'5-1'OHwaver H::max Height of spur dike p
Distance >
Side Slope 1/20-1/100
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