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Abstract

A series of studies regarding the two
dimensional collision mechanism with the channel
bed and among the saltating particles were

Gar ciNd neon(dl 994, 1 98hdudted by Garcia and Nino (1994, 1998) and
(1998) (1999)

(2000) (2001) (2002)

(flat b(epdie)

(a dtuin e)

(dune)

(c heust

our group (Chen 1998, You 1999). The
simulation results are satisfactory. For past years,
our group (Lin 2000, Lee 2001, Wang 2002) had
extended the experiments to three dimensiona
conditions. The bed forms of our previous
experiments were flat bed and formed by uniformly
distributed sediment particles. However, the bed
forms in natura rivers vary with different flow
conditions. Different types of bed forms, were
observed, namely, flat bed, ripple, dune, antidune,

(dune)and chutes and pools. Particles saltation

a nsd)

p

8h8r?cteristics will definitely be different under
different bed formation. The purpose of this study
is to investigate the three dimensional saltation
characteristics on a dune bed, with special attention
on the collision behaviors between the saltating
particles and the channel bed and interparticle
collison behaviors. A three dimensiona flow
visualization technique will be modified and
upgraded in this study to measure the three
dimensional saltation trgjectories on a dune bed.
Basing on these data, a two dimensional saltation
model for single sediment particle will then be
developed. This model will be very helpful in the
study of bed load transport.

Keywords Bed load, Saltation, 2-D flow

visualization technique, Dune



1.1
1 Kennedy
BCD
12~13

BB 0.003m
1061 kglm®

b

Device
X-Y

CCD
CCD

( Charge
Camera ,CCD camera)
X-Z

Couple

R(RED) G(Green)
B(Blue)

channel 256

Matrox Image Grabber(

5 82.5cm
30 30
Matlab
2
A C
E (
) L
C
E
and E. Karahan,
E
C
E

CD



ein eb

p(ebgin) r
/
r / p(gbein)
( x, ,zvy) spl asilhn f unct
10 49,
S X
Sy
S W z
() 0, =(0,.)- El6,/(0.)] ©
() E
e
f
ef f
f e e
11
372 ~26.89
Nino and9&4r ci a
P 0, sx sy swou, u, 6 6  sv
0, ’ S‘x’sy’sw’um’uout’ein’eout’SV
6, 6,
gin
e f e
coefth icfi emesti tuti on
o f _2x-x)*
coeffokibant Fx) =y, + e "
X 4)
W PR
2
Yo
A
w 2
f e
_ _ T f
Z/[T,out _fuT,in 'uN,out - euN.in (1) 078 0. 476 ~0. 5
e = 0.51—0.003T; (5)

tan 6, = ?tan(@m +6,) @)



e
du, — . .
dtp =F,(u-u,)+F,+F,+F. (8
e f
a F,(u-u,)
— 18y C,Re
F
iy »Tp D7 24 ®
Y7
" P M Pp
D Re
5.1
1 1 PD‘“—,,—&‘
St an cas dMd d 8972 Ref—ﬂ (10)
Sandakg oud
(F) (£1) 0.424 Re>1000) (13
C,=124 1
Launder and Spalding 1974 P R_(1+ER62/3) Re <1000
(1) (k) €
(&) 6
k3/2 L - 3 - L .
l, = 51 ( 6):>FD(u—up)=ZCDppLD(up —u)(u—-u,)
(vr) ( k)
(&1) (k) b
(&1)
7
K2 7 g(p, - p) 13
Vr —C#g—l ( 7 ) G ,Op
G k &
(x) (&) c
- F,
_ (1,
P Kk & V)
— 1pd/- —
F=-=t2(u-
5.2 T2, dt( ,,) (14)
_ d Saf fsman'’
Lagrangian - method Saffmaas L and
1992

(12)

Ahmadi



1/2
_ 2Kv©ipd, -

F, = L (u—uy) (15)
‘ Py dp (d,d, )1/4
k=2 59 4%
5.3
, 8
dx y —
—=u (x,t —=u (y,t (16)
7 , (1) y , ()
8 16
du, 1 - —
L= —(u—u (17)
dt Tp( )
Tp tpezoi dal
5-14
un+1_un X
uzl(u —u"™M) + ...
At T r (18)
n
* 1
u == +u") (19)
2
ut =u" + Aty -Vu" (20)
16 17
52
5.4 ( )
e f
5.5

X = 0.85m y = 0.005m
0m/s

21 3 x7
) T.
0.5mm 1mm 6mm
21
% = 245D 4T (RAo=068)  (21)
sy 0.05737-0.0889
= = 2.6D2%"T; (RA2=081) (22)
D
SV _ 0.12D9.0257T*70.3241 (R/\2:083) (23)
u*
(g b ) (Cb )
(sy) (sv)
qp =Cp, xsyxsvy 1998

S c(hoe' r% 9mm~0. 9IGmm) T
C, (ppm) = 6.1875D, 0285 ;15483
(24)
(R=0.84)

22~ 24 qp =Cp xsyxsvy

g, (m® I'm-s) =1.9305% dgy x u, x D°%® x M (25)

(1998) (1999)
(2000) Meyer-Peter & Muller(1948) Van
Rijn(1984) 6.1
a ~ f 12
q) — Qb
Ps =P
gd503
Yo
(1998) (@1999)

(200vah jnR1984)
Meyer - RetMaurl | er (1948)



B. E. Launder and D. B. Spalding. " Lectures

in Mathematical Models of
Turbulence,” Academic Press, London,
England, 1972.

Einstein, H. A. and E.A.

El-Sammi.“Hydrodynamic forces on a rough
wall,”,Rev. Modern Phys, Vol.21,No.3 ,
pp.520-524,1949.

Karghan, M. E. and A. W. Peterson,
“Visualization of Separation Over Sand
Waves” , J Hyd. Div. Proc, Amer.
Soc.CivilEngrs.,Vol.106,No.HY 8,Aug.198 0,
pp.1345~1352

Lee, H.Y.,, and Hsu, |.S. “Investigation of
Sdltating  Particle  Motions,”  Journal  of
Hydraulic Engineering, ASCE, Vol.120, No.7,
pp.831-845.1994.

Lee H.Y., Chen, Y, H. You, T.Y., and Lin, Y.T.,
“Investigations of Continuous Bed Load
Saltating Process’, ASCE Journal of Hydraulic
Engineering.(in press)

Lee, SY , “Investigations of the Particle
Saltating Process Near the channel Bed” ,MS
Thesis, Dept. of Civil Engineering, National
Taiwan University, June 1993 in Chinese
Nino, Y., Garcia, M. and Ayala, L., “Gravel
Saltation 1. Experiments,” Water Resources
Research, Vol.30, No.6, pp.1907-1914, 1994.
Yadin. M. S. and E.Karahan, “Steepness of
Sedimentary Dunes’, J. Hyd.
Div.,Proc.Amer.Soc.Civil Engrs.



11

Us Us u h
(m) etn®) |y |y || @ | L E] T
S-1 | 0.006 1 1061 [0.06/0.0247| 0.012 | 0.367 | 0.050 | 0.523 | 1.90 | 0.170| 0.040 | 3.253
C-1 | 0.006 3 1061 [0.06/0.0247| 0.012 | 0.367 | 0.050 | 0.523 | 1.90 | 0.170| 0.040 | 3.253
S-2 | 0.006 1 1061 {0.06/0.0130( 0.012 | 0.282 | 0.090 | 0.301 | 3.43 | 0.047 | 0.040| 0.169
C-2 | 0.006 3 1061 [0.06/0.0130( 0.012 | 0.282 | 0.090 | 0.301 | 3.43 | 0.047 | 0.040| 0.169
S-3 | 0.006 1 1061 [0.06/0.0142| 0.012 | 0.309 | 0.090 | 0.329 | 3.43 | 0.056 | 0.040 | 0.397
C-3 | 0.006 3 1061 |0.06|/0.0142| 0.012 | 0.309 | 0.090 | 0.329 | 3.43 | 0.056 | 0.040 | 0.397
S-4 | 0.006 1 1061 |0.06/0.0139| 0.012 | 0.325 | 0.100 | 0.328 | 3.81 | 0.054 | 0.040 | 0.339
S5 | 0.006 1 1061 [0.06/0.0179| 0.012 | 0.329 | 0.070 | 0.398 | 2.67 | 0.089 | 0.040 | 1.230
S-6 | 0.006 1 1061 |0.06|/0.0197| 0.012 | 0.363 | 0.070 | 0.438 | 2.67 | 0.108 | 0.040 | 1.711
S-7 | 0.006 1 1061 |0.06|0.0400| 0.012 | 0.517 | 0.040 | 0.826 | 1.52 | 0.446 | 0.040 (10.146
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