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Numerical Experiments of the Behavior of Bars in the Channels with
Periodic Variable Width
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Abstract

This study examines the processes and the behaviour characteristics of forcing bars in channels with
periodic variable width in the alternate and braided regimes by using a two dimensional numerical model.
The wavelength and the migration speed decrease as the amplitude of variable width increases. The
forcing effects of the width variation on the alternate bars is stronger than those on the braided bars. The
bar migration speed increases as the dimensionless amplitude in the braided regime is 0.25. However, the
migration speed is abruptly decreased as the amplitude in it was larger than 0.25. The bar migration speed
increases in the alternates bar regime as the dimensionless wavelength increases. However, the migration
speed decreases around 1 of the wavelength. As the bar wavelength and the variable width wavelength
coincide, the bars don’t migrate downstream by the strong forcing effects on the bars due to the suppression
by the width variation.
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Fig. 1. Sediments Bars in the Channel with Periodic
Variable Width (Jang, 2013): Arrows Indicate the
Locations of Flow Concentration
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Table 1. Hydraulic Conditions for Numerical Experiments

Run So Q (m%/s) Bo (m) L (m) Am (m) Al A
R-1-1 1/250 0.00292 0.4 1.6 0.01875 0.047 1.57
R-1-2 1/250 0.00292 0.4 1.6 0.03750 0.094 1.57
R-1-3 1/250 0.00292 0.4 1.6 0.075 0.1875 1.57
R-2-1 1/167 0.00257 0.6 1.6 0.00000 0.000 2.35
R-2-2 1/167 0.00257 0.6 1.6 0.01875 0.03125 2.35
R-2-3 1/167 0.00257 0.6 1.6 0.0375 0.0625 2.35
R-3-1 1/167 0.007 1.0 2.5 0.01875 0.01875 7.85
R-3-2 1/167 0.007 1.0 25 0.0375 0.0375 7.85
R-3-3 1/167 0.007 1.0 25 0.075 0.075 7.85
R-3-4 1/167 0.007 1.0 2.5 0.13 0.13 7.85
R-4-1 1/200 0.008 2.0 5.0 0.1 0.05 7.85
R-4-2 1/200 0.008 2.0 5.0 0.3 0.15 7.85
R-4-3 1/200 0.008 2.0 5.0 0.5 0.25 7.85
R-4-4 1/200 0.008 2.0 5.0 0.6 0.30 7.85

] Above 120 WEN 030-060 [N -0.60--030 WM -1.50--1.20
T 09-120 QM 000-030 [ 0.90-060 [ Below -1.50

[ 0s60-05 [N

-0.30 - 0.00

B 1.20--050 Unit : cm

T T [ T T T T [ " T

5.0

x(m)

R-1-1

R-1-2
75 100 125

R-1-3
75 100 125

Fig. 8. Numerical Results for R—1 (Calculation time is 180 minutes)

Agje], Aol Gaks aE wsle] glake A9

Asta ok

Fig. 9= WLSAe} BEAE7E EE8he
oA akEe] W& Wste] ofate] A7} sk 3y

S WojFal gk R-3-13} R-3-2 3h%¢] 11 %o

SF%

gl
a

1 Zddh

Hom e 2ANA WEAFIL WEsg o, WEA

F7} SR olFeta 9

R-3-37 R-3-49 7331101]’\1

Fo| AW, WEATS) EHE

HBATE B19E 20144 1H

)
N
o
o
e o
_ilm
’;U
OJ
.J;

rr

E’ B
foi
>
_[
2
&
o
_O|_‘,
4
lo
X

A 23-94 e -‘r’rX] Ehjr o]} o] XHT/\}TQ} AL
F7F A2 FES W, AR BRI G s o]
WHAste] MlEo] 7R AFEe] o] Fo] AR HHA 1L
AAFE7F 2o Tubino and Seminara, 1990). whehA
o] FIVEFE WA P A Edel oJst

of Aol ol W], Aol e sEe] 1% W

43



i&‘
9

2

%
ol
ki
4
o
Er
ol
rr
J[m
ox
ftlo
]
9
N
1
o,
v
B
il
o,
oL
otk
o
fru
o
0H1
Ol

pa=y , & Fal 2l Run-4-29F Run-

Fig. 10% s o] F4le] vZF AjA o A 5E 4-33} Zro] FAke] eFEe] 71Fo] 0.15~0.25%1 F=x1ol A
AREZE el = 9l FEIsH 2olA ke X% = 5EAE] g2 A e 9fsle] 1 sgo] W)
Wslo] ok AlFre] WdEl= S HolFa itk R- a9tk EFEo] \ Fit A BEo| e Tl
4-13} Zro] 524 3FEe] FZo] 0.06%] 2 Z71e) A AT o] apdol AstE il ki) Ytell A= AlF7E
=249 HEAT et o, 1 s # fAlskd gehs 5AS BoFaL ) gkl F2 kA=

[ ] Above 120 [ 030-060 [ -0.60--030 WM -1.50--120
] 09-120 [ 000-030 [ -09--060 [ Below -1.50

0 060-090 [ -030-0.00 [ -1.20--0.90 Whif st
- ¥ Y
g (LJ—IIETE R-3-1
-
T r T T rr 1 rrrr[prrr o[ 1Tt I L
5 10 15 20 25 30 35
x(m)
=y v \4
£ R-3-2
-
LA O A Y O Y D N O O O \A L LA B
5 10 15 20 25 30 35
x(m)
. Yy
é 0 el = R-3-3
> LI N A I N L N Y B B -‘| | LA T
5 10 15 20 25 30 35
X(m)
£
-
LIS Y N I N N Y D Y I B Y O O
5 10 15 20 25 30 35
x(m)

Fig. 9. Numerical Results for R-3 (Calculation time is 180 minutes) A Indicates the Front of Alternate Bars

[ Above 120 [EE 030-0.60 [ -060--030 MNEM -1.50--1.20
] 090-120 [ 0.00-030 [EE -09--060 M Below -1.50
1 060-050 BN -030-000 [ -120--0.90

Unit : em

y(m)
|I1||J|L

<

R-4-2

T )

LN s e S O B H ) N B B Py N S B N N B B R B

5 10 15 20 25 30

5 10 15 20 25 30

I [ T

B B B A e I e e e L B e B o
5 10 15 20 25 30

x(m)

Fig. 10. Numerical results for R—4 (Calculation time is 180 minutes)

44 BEKERETHE



T
yAs
o mY
o
2
EL

k1

lo
o2

rO
o
A
it
2
N
=
ol
0,

>
Rl
N
i)

il

(bifurcation) & WA 7|31, A2 o] F&
3T Repetto et al, 2002) a8y R-
shE-o] W Fo] AW shEo] Wl °]
FabAl 2H8-sto] Al=e] o]so] ARt a}%o]
TRrA BlEe] et ¢

bars) } 345, stxe] F *Oﬂ/ﬂ” 5ol HFyo]
sldol ZA Hl% A} AlEe] spe a1 o) whga) o
2] gk},

‘ﬂl?L‘

>
g mlo

}.

?u :ﬁ 4712 Ny rloougl ol

42 MFSl BT AS 54

Fig. 112 31% o 5241] ulol o shwe] a9l 21
Ex} AFe] o) F B4 wolFa glek $HE o) $419)
Hl(g) = AES] FehE THeks SR8 Adoln, the
3} o] ojgek

ﬂ[] =7 (18)

o71A, by SFFA Ol 8 o] =4le] HIZF 50 o)
o] H¥l HEARTE GAHM, 100 o)de] Hd, e
B 28A}57} |tk Crosato and Mosselman, 2009). &1t
Fale] BI7F 17420 R-12 7249 252] Wishr} 2k 7
Lol M= AbF=9) o] o] glow, sk tf =4de] B|7} 40
l R-20M= 7219l 1 Fe] 0.15 BEolA AFFe] o]
o] A H Ut 8% o) =4 9] M|7F 13371 R4l =
A K1Fo] 0.3 Lol AbFe] o Fo] x| E= 54

05 T | T
04r T
No migration =t
2 03[ » .
g I A7 o
< s
02F o e 7
i s N OR-1 |
,o  Migration ™ e R
0.1F o 7 4 OR-3 7]
ol ® - | mR-4 -
®
0 1 ® Q PR RN WY TN N TN TN TN TR NN S T N 1
0 50 100 150 200

Bo

Fig. 11. Plot of the Dimensionless Width
Amplitude Versus the Width to Depth Ratio

5@47% %IUL 2014fF 1H

o
Wu and Yeh (2006)= &% tf $=419] 1]

of 2-g-3h= A AT hEA 2H-ste] Aol o]
ke FEl = PFAE = AL A S o, oA
L oolYgk 5A0] wEAPFel HHAEO] oAl LE)
U= ZloR BT h:}

Fig. 12% 739 31%9] 1% wste] ulsk Al9] o]
&L WskE RHolFa it Xﬁﬂzﬁ“’i A X%
o] F7kgl wel, A olE&H Tt A 5A4S
HojFar 9ok o] g Y dlEe] o] Frhshd
AREe] Asol ks F= A ZE FrYeky] wlol
THRepetto et al,, 2002, Wu and Yeh, 2005). L&v} 51
o) o] Bl FA) w0 7F 7.850] a1, At Fos
slZo] A3 BPAF7F Adek R-4ol| A= Fahd W=
o] 0.25% F7ke W AFre] o5& e FUFSIAINE o] K
o} AW A9 o) EEH Tt FASH e 54S B

1% Ik, 4% Wste] A1%Fo] FAEUA AT of
F% & Qe L SHE0] gadha, ARG ZuAtold]
BRI &l SJ3he] A}Fe] o] Fo] El5]o] Ao o] B

£527) Z7VHAIRE, o] gt SHAIGEN & el Sk W
slo]l of st sk A a3t BAYste] Al o]Fo] AHH]
H K Repetto, et al., 2002). Ly AH o2 3)Zo] =}

~~ 10 T T T T T T T T
i= i ]
g L o R-1(A=1.57)
238 r ® R-2(A=2.35) ]
% 3 OR-3(A=7.85) 1
S W R-4(A=7.85) ]
2 ]
=
. ]
s
5 i
g
s i
M () L—o—-d . 1 . . 1 .

0 0.1 0.2 0.3 0.4 0.5

Amw
Fi

g. 12. Plot of the Bar Migration Speed Versus
the Dimensionless Width Amplitude

45



~~ 10 T T T
. i 1
g I OR-1 ]
g 8 r ®R-2
S I OR-3 ]
= L mR-4
o
2 6 = ]
- L ]
S4F _
= 4T ]
R ]
g2 ]
g 0 ]
0
0.5 2.5

Fig. 13. Plot of the Dimensionless Bar Wavelength
Versus Bar Migration Speed

EAS HoF1 rh
L))ol gk A=e] o] &
cat e e ohet

L,=— 19)

oA7\A, L Al shgolth
AeiHom sEo] Fa wWEAFIL MAYsHE R-25h
R340 29 AFe] shgo] 374845 AFe of
LRI} F7RSAR, TA AFe] wge] 1 o4
= AFe] olBwst FAs Pasta dlek ol
AFe] st BB shgol AAE ul, A o) F &
7h gast, SHEe) watel o9 4 ARl o3t
o% ARFY Ghapslo) ALFS] Aol 4AH] Eos B
ek e} S1E o) £ Wt Yoo 2 B
A}Tﬂ W R-4149 R-29} R-39} ksl 23490 A
Fol ol T Jgol 2 WA, AL AT 3}
Ao 1914 AFEe] ool A 5|3lek. 3% o 419 ]
7} 25 R A el tha Ae] A%l e
Jago] JrhA oz HAT, TR AF] sl 19 1)
= AP AL 5HE nelFa 9

5. &

rh

AT M 3120 771591 Watel olste] mEA}
Fo BANFIL Bk A2ke] S 2AM F

N
ol
2L
el

Wslo)| ofste] ZA|AT2] At
TARYE o] §ato] FHotstith
ZA3}= Bittner (1994)9] A8 A3=
slEo] Gl 7ol A A gé}% 22}
stol, Al=e] Wby o] AQAFglon,
o3 2t

she] o] AW, Aol T2 F714Q1
sle] ol A8l e FrobA| oL, Ao o]
S A A AHARESE AR A
B2 3G |, At AAAe] dsiAd o]
Jsto] Al=o] 7HEE| AL AR o]so] X EHA
RPN S = T v R P S v S S
= Wslol] Agelies sk 5AS BTt
ﬂ:h o 49l 317} Zrom, —rx}% {]:—T‘«] ‘ﬂf@]ﬂ]'

ozi
?E _=

4
2 offf

0o
2;1_1{
e

o

N
oL [

2
24

L s

A

0 o g o

Am

ol

Ju m>J r
IRV

i

ol
—

L o b
= M ¥R oft ox &
of ok H 1y
]; _!_‘H?l fr l-o
e FE o

,4 W37} )\L\;Hﬂ_i = :|17}
M L& o] E3k3A oli o Aol vZE e o s
o, WA A = Qs d9oli= sk
o] wslol| tiste] AA| &7} A Ak, B2 }
F7h wAE G S Wald) o3 BAE
b o Ao B4S melFin)

3 3% o sbge] wel B9 94(0)7F 785003,
BRI W 2704 Pl AEo] 025
2 2748 o) AlRe] ol BEEE SRR, ofn
th 2 ARRe) olE4Ert 3RS 2E
3% wake] 21%o] ZrkshIA AL o) E &
Sl FI BHEo) haskm, AlFsh ZuAjeld] B
Qo] efate] AFe] o]Fo] HxIs|o] A
oJE& sk ZAkEARY, ol @ S dElE At

1 512 wsjo] o]§ 2 AA E} Aol
AFRe) o) o] g H ik,

1) WEAFE B AR o] SAhEE AT

o) SIBHII SR, FAL ATl Hyel 1
Tol A Ale] olBEst FAS 125

3 2, AFe) shgat 51 shge] X o, 3
Zwigjo] o @ FARI} B3 2Hg3he] AT
7] woltth

ol
N

BEKERBEMNE



References

Bitter, L. (1994). River bed response to channel width
variation. Master thesis, University of Illinois.

Crosato, A., and Mosselman, E. (2009). “Simple physics—
based predictor for the number of river bars and the
transition between meandering and braiding.” Water
Resour: Res, Vol. 45, W03424, doi:10.1029/2008WR007242.

Defina, A. (2003). “Numerical experiments on bar growth.”
Water Resour. Res, Vol. 39, No. 4, 1092, doi:10.1029/
2002WR001455.

Engelund, F. (1974). “Flow and bed topography in channel
beds.” J. Hydr. Div,, ASCE, Val. 100, No. 11, pp. 1631~
1648.

Garcia, M., and Nino, Y. (1993). “Dynamics of sediment
bars in straight and meandering channels: Experiments
on the resonance phenomenon.” J. Hydraul Fes., Vol.
31, No. 6, pp. 739-761.

Jang, C.-L. (2013). “Dynamic characteristics of multiple
bars in the channels with erodible banks.” Journal of
Korea Water Resoources Association, Vol. 46, No. 1,
pp. 25-34.

Jang, C.-L., and Shimizu, Y. (2005). “Numerical simula-
tion of relatively wide, shallow channels with erodible
banks.” J. Hydraul Eng., ASCE, Vol. 131, No. 7, pp.
565-575.

Kishi, T., and Kuroki, M. (1973). “Bed form and flow
resistance in alluvial rivers (I).” Research Report of
Faculty of Engineering, Hokkaido Univ., Vol. 67, pp.
1-23.

Kuroki, M., and Kish, T. (1984). “Regime criteria on bars
and braids in alluvial straight channels.” Proc. JSCE,
Vol. 342, pp. 87-96. (in Japanese)

Langbein, LB., and Leopold, M. G.(1966). “River meanders
and the theory of minimum variance.” U.S. Geol. Surv.
Prof. Pap., 442-H.

Lanzoni, S. (2000). “Experiments on bar formation in a
straight flume 1. Uniform sediment.” Water Resour.
Res., Vol. 36, pp. 3337-3349, doi:10.1029/2000WR90
0160.

Meyer-Peter, E., and Muller, R. (1948). “Formulas for

BATE HE19% 2014 1H

bed-load transport.” Proc. Znd Congress, IAHR,
Stockholm. Sweden. Vol. 2, No. 2, pp. 39-64.

Parker, G. (1976). “On the cause and characteristic scales
of meandering and braiding in rivers.” J. Flud Mech,
Vol. 76, No. 3, pp. 457-479.

Predsoe, J. (1978). “Meandering and braiding of rivers.”
J. Fluid Mech, Vol. 84, No. 4, pp. 609-624.

Repetto, R., and Tubino, M. (2001). “Topographic ex-
pressions of bars in channels with variable width.”
Phys. Chem. Earth, Part B, Vol. 26, pp. 71-71.

Repetto, R., Tubino, M., and Paola, C. (2002). “Planimetric
instability of channels width variable width.” J. Fluid
Mech, Vol. 457, pp. 79-109.

Seminara, G., and Tubino, M. (1989). Alternate bars and
meandering: Free, froced and mixed interactions, in
River meandering, Water Resour. Monogr:ser., Vol.
12, edited by Ikeda, S., and Parker, G., pp. 267-320,
AGU, Washington, D.C.

Tubino, M., and Seminara, G. (1990). “Free—forced inter—
actions in developing meanders and suppression of
free bars.” J. Fluid Mech Vol. 214, pp. 131-159.

Watanabe, A., Fukuoka, S., Yasutake, Y., and Kawakuchi,
H. (2001). “Groin arrangements made of natural willows
for reducing bed deformation in a curved channel.”
Advances in River Engineering, Vol. 7, pp. 285-290.

Whiting, P. J., and Dietrich, W. (1993). “ Experimental
constraints on bar migration through bends: Implica—
tions for meander wavelength selection.” Water Resour.
Fes., Vol. 29, No. 4, pp. 1091-1102.

Wu, F. C., and Yeh, M. G. (2005). “Forced bars induced
by variations of channel width: Implications for inci—
pient bifurcation.” J. Geophys. Res., Vol. 110, FO2009,
doi:10.1029/2004JF000160.

Wu, FC, Yeh, TH,, and Chen, Y.C. (2011). “Quantifying
the forcing effect of channel width variations on free
bars: Morphodynamic modeling based on charac-
teristic dissipative Galerkin scheme.” J. Geophys.
Res., Vol. 116, F0302, doi:10.1029/2010JF00194.

A9 2013.08.27
AALEE: 2013.11.14

=3 13-069
T YAy 2013.10.29/11.14

47



