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ISTRACT

gre are many studies on the flow movement in compound channels, yet few are concerned with sediment transport. An experimental study on the flow
%Ement and sediment transport in compound channels is presented. The experimental results indicate that the distribution of longitudinal velocity
a:depth in the main channel and the floodplains has a logarithmic component. The longitudinal velocity with flow depth in the interactive region does
{obey a logarithmic distribution, but involves a wake function. In the boundary region, the longitudinal velocity obeys a parabolic distribution. Ir
lition, based on the suspended sediment diffusion equation and the flow interaction between main channel and floodplains, expressions are detived tc
dict the lateral eddy viscosity and the sediment diffusion coefficients. Finally, an analytical solution for the lateral distribution of the depth-averagec
peity and sediment concentration in a compound channel is obtained. The results from the analytical solution agree well with experimentation.

pwords: Compound channel, floodplain, flow exchange, main channel, sediment concentration distribution, velocity distribution

Introduction

grbank flow is a common phenomenon in fluvial rivers. If the
tharge is small, flow runs in the main channel, while the flow
ars the floodplains otherwise. The flow characteristics of com-
ind channels, such as the flow conveying capacity, flow struc-
v and distribution of sediment concentration, have been
lied since the 1970s. Myers (1978), Wormleaton et al.
82), and Prinos and Townsend (1984) considered the dis-
rge calculated using the “single channel”-method which
i found 16—40% smaller than from observations, and that
error gradually increases with the resistance in the main
mel and floodplain. Prinos and Townsend (1984), Ervine
Baird (1982), and Wormleaton and Merrett (1990) suggested
the main channel and floodplain should be treated separately.
total discharge was calculated by summing the discharges of
various subsections. The estimated discharge is more accu-
if the apparent shear stress between the main channel and
dplain is considered (Fukuhara and Murota 1990). Tominaga

et al (1991, 1993) analysed the turbulence intensity at the inter-
face of the main channel and floodplain under different rough-
ness and depth conditions. Knight and Shiono (1990) proposed
experimental formulas to estimate the turbulence intensity.
Myers (1978) suggested that the momentum transfer from
channel to floodplain can be taken as an apparent shear force,
and its maximum value may reach 25% of the weight of the
main channel water component. Experiments conducted by
Tominaga and Nezu (1991) and Rajaratnam and Ahmadi
(1981) indicated that the maximum bed shear stresses in the
main channel and floodplains are near the centre and their inter-
face, respectively. Compared with a single channel, the shea
stress in a compound channel decreases in the main channe
but increases in the floodplain (Myers and Elsawy 1975
Myers 1978).

Rhodes and Knight (1994), Rajaratnam and Ahmadi (1981)
and Ji (1997) recorded the flow velocity. They deduced that the
vertical velocity distribution is deformed by momentum transfer
and an obvious departure from the logarithmic law was observec
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in both the main channel and the floodplain. Xie (1980), Zhou
(1995), Ji (1997), and Shiono and Knight (1991) presented
analytical results on the transverse distribution of the depth-
averaged velocity according to the kinetic flow equation. James
(1985) and Liu (1991) simulated the distribution of sediment
concentration using numerical models. Many results for the
flow movement are currently available, but few works of research
on sediment transport in compound channels can be found. This
research generalizes the river reaches into two types: straight and
the lotus-root-shape compound channels that describe common
natural fluvial rivers for which experiments on the flow move-
ment and the sediment transport are conducted.

2 Experimental methodology

2.1 Experimental conditions

[n this research, the generalized physical model includes straight
and lotus-root-shape models 30 m in length. A self-circulating
structure was adopted in the model, and both sides and beds
were fixed with smooth cement. The values of Manning rough-
aess coefficients for the main channel and the floodplains were
).011 and 0.013 s/m'/3, respectively. The symmetrical cross-
sections consist of one channel and two floodplains, and the
sed slope was 0.001. For the straight channel, the width of the
main channel was b = 0.3 m and the width of the floodplain
‘B — b)/2 =035 m. Here B is the width of compound
channel. The height difference between the channel and flood-
slain was h; = 0.06 m. For the lotus-root-shape channel, b =
).3 m; however, (B — b)/2 changes from 0 to 0.35 m. The
ength of each lotus-root-shape reach is 4 m. There is a 1 m tran-
sitional reach between each lotus-root-shape reach (Fig. 1). Data
were collected in seven cross-sections in a lotus-root-shape
-each, but only the fourth cross-section has the same dimension
18 the straight channel. The data from this cross-section were
1sed as the comparison between the two channels.
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The experimental reach is 20 m long and extends from
downstream of the model inlet to 3 m upstream of the o
Owing to channel symmetry, the measurements were taken
for a half cross-section from the channel axis to one che
side. Ten to fifteen vertical lines, of which each line has ?
nodes, were used to measure velocity and sediment concentrs
The cross-section for measuring velocity and sediment cor
tration was 18 m downstream of the inlet. Experiments were
ducted in the two channels under various flow and sedi
conditions. Selected experimental conditions are liste
Table 1, including discharge, flow depth, velocity, Fr
number F = U/(gH)"/?, where g is the gravitational acceler
and Reynolds number R = UH/v, where v is the kinematic
cosity. For experiments in the straight channel, the flow and
ment conditions included the flow depth of the main ch:
(subscript mc) H,,. = 0.025-0.127 m, the discharge and sedi
concentration at the inlet, Q = 0.002-0.039 m’/s and
4-83 kg/m’, respectively. For experiments in the lotus-
shape channel, H,,. = 0.030-0.122 m, Q = 0.009-0.022 r
and suspended sediment concentration was § = 4-25 kg
Ash from burnt coal was used as model sand, with a median ¢
eterofdso = 1.4x 10> mand specific gravity 0f2100 kg/m’
subscript “fp” used in Fig. 1 and Table 1 describes the floody

2.2 Instrumentation

Velocity measurements were undertaken with an indu
pressure measurement set. The equipment comprise
guiding-pressure system, an inductive system and a magnil
system. As the inductive probes are subjected by a flow pres
a film resistor in the inductive probe transfers the distortion
the pressure difference into an electric signal. A steady ele
pressure can be output by compensating and magnil
modes. Therefore, flow velocity can be measured depen
on the calibrated linear relationship between output ele
pressure and the acting flow force.
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Figure 1  Sketches of (a) straight and (b) lotus-root-shape compound channels, (¢) compound cross section
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ble I Main experimental variables

n no. Q (m3/5) Hmc (m} -h{ﬁ) (m) Umc‘ (m/S) Ufp {m/s) ch F_fb Hmc Rﬁ)
0.017 0.091 0.031 0.119 0.066 0.13 0.12 10,703 2304
0.022 0.100 0.040 0.134 0.090 0.14 0.14 13,377 3614
0.026 0.108 0.048 0.148 0.110 0.14 0.16 15,778 5175
0.033 0.116 0.056 0.179 0.152 0.17 0.20 20,637 8468
0.039 0.127 0.067 0.199 0.187 0.18 0.23 25,074 12,452

Two methods were applied to measure the sediment concen-
tion. An ultrasonic apparatus was used for concentrations
isthan 15 kg/ m’, otherwise pycnometers were used. The accu-
5y for the sediment concentration measurement was 0.1 kg/ m”>.

Analysis of experimental data

L Flow conveying capacity

ie relationships between water level and discharge in the
aight and lotus-root-shape compound channels are shown in
g. 2. The relationship between water level and discharge in a
igle channel without floodplains is also shown in Fig. 2, as cal-
lated using Manning’s formula by assuming identical depth
d area as for the two compound channels. Because of the
ymentum transfer between the main channel and the flood-
ins, the flow conveying capacity in the straight channel is
is than that in a single channel, but larger than that in the
us-root-shape channel, with their differences increasing
adually with the flow depth. With a relative depth of floodplain

main channel Hg,/H,,. = 0.14-0.51, flow conveying
pacities in the straight and lotus-root-shape compound chan-
Is decreased by 7—21%, and 11—-48%, respectively, compared
th the single channel capacity. In addition, the flow conveying
pacity in the lotus-root-shape compound channel is 4-34%
is than that in the straight compound channel.

Y Distribution of flow velocity

is seen from Fig. 3 that the tendencies of the cross-sectional
:an velocity are similar for the two compound channels.
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Figure 2 Depth-discharge relationships of channels investigated

With increasing depth, the mean velocities in the main channel
first increase, then decrease and rise again, whereas the velocities
in the floodplain continually increase. This kind of distribution
indicates that momentum transfer exists between the main
channel and the floodplains. The difference in distributions
means that the momentum transfer is stronger in the lotus-root-
shape channel than in the straight channel. The relative velocity
of floodplain to channel U,/ U, increases with relative depth
Hj,/H ., and the velocities are largely different at lower relative
depth, but similar at a higher relative depth, as shown in Fig. 4.

Distributions of depth-averaged velocity are shown in Fig. 5.
For different depths, distributions in the two compound channels
are similar, and the depth-averaged velocities decrease gradually
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Figure 3 Depth-velocity relationships of two compound channels
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Figure 4 Relationships between relative depth and velocity for flood-
plain and channel
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igure 5 Transverse distributions of depth-averaged velocity for H,,.
: (a) 0.09 m, (b) 0.10 m, (¢) 0.11 m, and (d) 0.12 m

-om the central zone of the main channel to the sides of the
oodplains, although some differences are observed. First, the
ifference between the maximum and minimum velocities and
1e transverse gradient of velocity near the interface are larger
1 the straight channel than in the lotus-root-shape channel.
econd, the differences in depth-averaged velocity are obvious
1 the main channel zones, but the opposite is true in the
oodplains.

Research by Rajaratnam and Ahmadi (1981), Rhodes and
might (1994), Xie (1980), Zhou (1995) or Shiono and Knight
1991) indicates that the distributions of depth-averaged velocity
ave characteristics common with the present research. In
eneral, the peak value of the momentum transfer appears near
1e interface of the main channel and the floodplain, where the
-ansverse gradient of the velocity reaches a maximum. If the
hannel and floodplain are broad enough, a region may exist in
shich the transverse gradient approaches zero in the main
hannel and floodplain zones, and flow movement would not
e affected by momentum transfer in these zones. The momen-
1m transfer greatly affects the flow movement in the transition
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region between these two zones. This region is a keysto
the study of overbank flow, therefore.

The non-dimensional velocity distributions are shov
Fig. 6 for typical data sets. Most vertical distributions obe
logarithmic distribution law, except near the channel /flooc
interface. The distributions near this interface exhibit
distortion. At the main channel side, the locations of maxi
velocity are not at the flow surface, but at a lower point. /
floodplain side, the maximum velocity is still at the
surface. The distributions obey the logarithmic law if the .
in the floodplain is less than ¢h. Here, coefficient ¢ +
between 0.5 and 1.0 in the main channel and 0.2-1.0 i
floodplain. The coefficient ¢ reaches a minimum at the inte
and increases gradually to a maximum from the interfa
the central zones of the floodplain and the main channel.
depth in the floodplain is larger than ¢k, the distributios
not obey the logarithmic law. At the side of the main chs
the measured velocities are always smaller than calct
from the logarithmic formula. On the other hand, at the {
plain side, the measured velocities are always greater
these calculated. The differences between measured and ¢
lated velocities exhibits two characteristics: (1) maximum ¢
ence in the transverse direction appears near the cha
floodplain interface and decreasing in either direction fros
interface; and (2) maximum difference in the vertical dire
is observed at the flow surface, and differences almost disap
if the depth is equal to ¢ph.

3.3 Distribution of sediment concentration

For the two compound channels, the mean sediment co
tration in the floodplain was smaller than in the main ch:
The relationships between the relative sediment concent
St/ Sme, the relative velocity Uy, /U, and the relative
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Figure 6 Vertical distribution of velocity with logarithmic law for (a) lotus-root-shape and (b) straight channel
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epth Hy,/H,, are shown in Fig. 7. Here Sp, and S, are the sedi-
ient concentrations in the floodplain and the main channel,
sspectively. The relative sediment concentrations in the two
ompound channels increase with relative velocity and flow
epth. The relative sediment concentration increases with relative
epth more rapidly in the straight than in the lotus-root-shape
hannel. The relative sediment concentration increases with rela-
ve velocity at similar rates for the two compound channels.

The wvertical distributions of sediment concentration in the
vo compound channels change with the flow momentum
xchange (Fig. 8). A distortion of the vertical distribution in
1e interface region between the main channel and the floodplain
i apparent, and cannot be predicted by the formula of Rouse
[937). The measured sediment concentrations are smaller
1an the calculated values in the main channel. In other
sgions, the distortion remains small, and the formula describes
1e experimental data.

Mean gradients of the sediment concentration in the vertical
irection are given in Table 2. Their magnitude indicates the
symmetry in the vertical distribution. The gradients in Table 2
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are averages of all experimental data, namely (S,—S,)/H,
where H is the flow depth in the main channel or in the flood-
plain, depending on the location of the measurement line, and
S, and S, are the sediment concentrations at 0.14 and 0.9H,
respectively. For both compound channels, the mean gradients
are smaller in the lotus-root-shape than in the straight channel,
and are larger on the floodplain than in the main channel,
respectively.

4 Theoretical analyses

4.1 Divided mode of compound cross-section

According to the flow characteristics for the two types of com-
pound channels, the cross-section can be divided into four
regions (Fig. 9): (I) undisturbed region of main channel
(URMC), (II) interactive region between channel and plain
(IRCP), (I1I) undisturbed region in the floodplain (URFP) and
(IV) boundary region (BR). In the URMC and URFP, vertical
distributions of velocity have a logarithmic component, and
can be described as

—_M[g * 4N, (1)

ity

where u is the flow velocity at position y, u_ the local shear vel-
ocity and coefficients M and N were calibrated by the experimen-
tal data, resulting in M = 5.64 and N = 5.86. In the BR,
distributions of flow velocity are mainly affected by boundaries,
and distributions are similar to those of the single open channel.
In the IRCP, the interactive action of the flow momentum transfer

0.35 0{

1512 1511 1411 14 9 12

Calculated
o Measured
0.18 025

L

27 22 2120 24

(b) H pe=0.09m, 0=0018m/s, $=30kg/m’

gure§ Vertical distribution of sediment concentration compared with Rouse (1937) distribution for (a) lotus-root-shape channel, (b) straight channel
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Table 2 Averaged gradients of sediment concentration in vertical direction (kg/m> m)

Distance (m) 0 0.08 0.15 0.25 0.35

straight channel 22.1 19.8 70.1 96.1 100.6 1.
_otus-root-shape channel 16.5 15.9 64.1 77.3 80.5 ]
Jifference 5.6 39 6.0 18.8 20.1 :

s strong, and the flow structure changes on a large scale. The
~idth of each region can be described as (Fig. 9) by = 2(b,,c —
"m0)s bu = bmotbp, b =byp — bp — bp, and by = by,
dere, by, by, by and by are the widths of URMC, IRCP,
JRFP, and BR, respectively, b, is the width of the side of the
nain channel in IRCP, by, the width of the side of the floodplain
n IRCP, b,,. and by, the half widths of the main channel and
Joodplain, respectively, and by, the width of the floodplain in
‘he BR. The parameters b,,9, by and by, were estimated from
:xperimental data as (Rajaratnam and Ahmadi 1981, Wang
1984, Zhou 1995, Ji 1997)

% " 2 16 @ 0.392 'bﬁ 0.308 (2)
hd : Hmc bmc
0.245 0.189

byo = 2.35(@ : (bi) 1 3)
kd Hmc bmc

b}% Hﬂ) 0.31

— =237 > 4
ha . (kd) @

1.2 Verification of logarithmic formula in IRCP

According to typical characteristics of the vertical velocity distri-
»ution, IRCP can be divided into two parts, namely the inner
rone of the main channel, in which the velocity distribution
‘ollows a logarithmic formula as Eq. (1). The other is the outer
rone in the floodplain, in which the velocity distribution
‘ollows a wake function as

2 —5.641g2%  Kf(y,z) + 5.86 (5)
Uy v
Z|-]| zl]-lll zill-I\"
E"‘l 1} 1 IV
[l 1 | 1 |
1 I I 1 1 b
(v} (111x (1D

T

j}c—
B
:e:""*|

I g

Figure 9 Sketch of divided cross-section for compound channel

in which

109 = eosl (220 ) Tsinf (2~ 4) 7],

where X is the coefficient describing the degree of momei
exchange between the main channel and the floodplain
value was calibrated using the test data, resulting in i
—12.71 for the main channel and K = 5.82 for the floodr
Therefore, the logarithmic formula in the outer zon
described by

(1) FOI' d’Hmc = Ak = Hmc and Z1-11 =z < bmc

u YUy Z— bye ™
—=5641g— —12.71 —_ =
Uk B v COS[(Zl—u = bmc) 2]

) b4 ™
P sm[(Hm — d:) 5] + 5.86

(2) For ¢Hp, < y < Hp and b, <z < 2

A 5.64 lg& + 5.82 cosli(z;bmﬂ—w) -E]
. v Z-1m — bme

x sin[(Hij— c,f)) ;] + 5.86

4.3  Analytical solution for depth-averaged velocity in IR(

For a steady uniform turbulent flow, the momentum equatic
the streamwise direction is combined with the conti
equation to give

auv  dUW By __ o

%+ = ()
+i(—pu_w+p&),
dy dy

where x, y, z are the streamwise, normal and lateral direct
respectively, U, W, V the x, y, z components of the tem;
mean velocity, #, w, v the turbulent perturbations of vel
with respect to the mean, ./ the slope, g the gravitational acce
tion, and p and w the density and dynamic viscosity, respecti
The depth-averaged momentum equation is obtained
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sgrating Eq. (9) over the flow depth using

™) An(pUT),

pgHJ + (10)
oz
ere 7, 1s the bed shear stress, and
T :jgr pU; (11)
1 % .
s ‘EL (-WHB_D dy (12)
" I
(pUV)d:EJO pUV dy (13)

It is assumed that the secondary flow contribution is linear to
HI, i.e.

(14)

1the depth-averaged transverse shear stress 7., is expressed in
ns of the lateral gradient of depth-averaged velocity as

aly

K2

Tox = PEoy

(15)

The eddy viscosity &., is often related to the local shear
ocity u- = (7,/p)"/?, depth H and the eddy viscosity coeffi-
nt A as

1/2
B = AHu, = AH (—) Uy (16)

8

This coefficient is not constant in a compound channel, with
maximum near the interface z = b,,. (Xie 1980, Shiono and
ight 1991, Zhou 1995). It varies further in the lateral direction
he width of the main channel b,,,., or width b; of IRCP. It is

Flow movement and sediment transport in compound channels

described herein as

2
N |:a(z = bmc‘) e JB:| . (1
by

where « and (8 are the constants determined from test da
(Tominaga and Nezu 1991, Zhou 1995). For the main channc
@ = 0.181 and B,,. = 0.563. For the floodplain, ay, = 0.4¢
and ﬁﬁ, = (.784.

Substituting Eqs (14)—(17) into Eq. (10), and assuming U,
= n¢ and & = a(z—b,,.)/bi+ B for simplicity, gives a kind
Bessel equation as (Wang and Guo 1979)

¢

)
+2¢2

3 5z Tommg =0 (

Thus, the transverse distribution of depth-averaged velocity
the IRCP is

U2 = me =42 4 B 1742 L cU?, (1

where U is the transect mean velocity, A,> = 1+8b/(f/ 8)” :

asz, and 4, B and C the coefficients depending on the bounda

conditions. Note from Fig. 10 that the calculated results fro
Eq. (19) compare well with the measured data.

4.4 Analytical solution of depth-averaged sediment
concentration in IRCP

The distribution of suspended sediment concentration was dete
mined by considering the sediment mass balance under the infl
ence of diffusive and convective transport. In general, for steac
and uniform flow, if sediment transport is in an equilibrium sta
in the streamwise direction, the diffusive equation describir
sediment concentration is simplified to (Chien and Wan 1999

. as & 3 as
" ady % &

]

ay

]

0
% +—(wS5) =0,

W i
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e 10 Comparison of calculated and measured results for velocity
(f)=0.12

UAZ) and H,,. (m) = (a) 0.07, (b) = 0.08, (c) = 0.09, (d) = 0.10, (e) = 0.
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where &, and g, are the diffusive coefficients in y and z direc-
tions, respectively, and w the fall velocity. Equation (20) is inte-
grated over the flow depth to give

as g, [ BHSH\ _
(ssy$+m§)!5 +‘(,£(Ssz'—g) = 0., (21)

where S, is the depth-averaged sediment concentration and & the
distance from the bed to the bottom of the turbulent layer.

Because there is no sediment transfer across the water surface,
the boundary condition requires

)
ng+mﬁ)pﬁ=o 22)

At the plain bed, the rate of sediment transport across the
boundary is defined as the probability that a particle reaching
the bed will deposit. The boundary condition for sediment trans-
port on the bed is described as

as
(%$+wﬁﬁ=%@—%) 23)

Assuming that the sediment transport rate on the bed is linear
to the depth-averaged rate, i.e. @S, = A4Sy, and the sediment
transport capacity has a similar relationship wuSp. = @S,
then by combining Eqgs (21)—(23), Eq. (20) is simplified as

E (ng @E) — )l] wde + /\gwdec = U, (24)
oz oz

where S, w;, and S}, are the sediment concentration, fall velocity
and bed transport capacity, respectively, and S;, @y and S, the
depth-averaged sediment concentration, fall velocity and trans-
port capacity, respectively.

The transverse disperse coefficient is assumed to have
same structure as the transverse eddy coefficient, namely

1/2 - 2
oo em0(() [0, ]

Substituting Eq. (25) into Eq. (24) and assuming that & =
— byuc)/bi+ B, the transverse distribution of the depth-avera
sediment concentration in IRCP is

Sd :AE—I+&¢{2 +B§—!—ﬁ;/2 +CSC; i

where S, is the transect mean concentration, A,
144X, 0.6°(f/8)"/? ) o?H?U, and A, B and C are coeffici
determined from the boundary conditions (if z = z_y, .
zy-mandz = b,,., S;and dS,/dz are continuous). The calcul:
results and measured data are found to be very similar (Fig.
However, differences between the simulated and measured ¢
centrations are observed in IRCP, because Eq. (26) may
reasonably simulate the sediment transport in that region
to the complex flow-sediment exchange between the n
channel and floodplain.

5 Conclusions

An experimental study on the flow movement and the sedin
transport is presented relating to a straight and a lotus-root-sh
compound channel. Using model experimentation, the main f
characteristics can be summarized as follows:

(1) The flow conveying capacity is smaller in the straight c
pound channel than in the single channel, but larger tha
the lotus-root-shape compound channel.

(2) The compound cross-section can be divided into 1
regions in terms of flow movement and sediment transp
They comprise the (I) undisturbed region in the n
channel, (I) interactive region between the channel
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plain, (III) undisturbed region in the floodplain and (IV)
boundary region. The width of each region was determined
from measured data.

In both undisturbed regions (I and III), the vertical distri-
bution of longitudinal velocity still obeys a logarithmic
law, and the Rouse formula can be used for sediment concen-
tration. There are differences in the vertical distributions of
longitudinal velocity and sediment concentration between
measurements and predictions in the interactive region (II),
however.

A revised logarithmic formula is proposed using a wake
function for the characteristics of the vertical velocity distri-
bution. Based on the simplified momentum and diffusion
equations, empirical expressions for the eddy and diffuse
coefficients were given. Expressions to predict the transverse
distributions of the depth-averaged velocity and sediment
concentration are also specified. The results agree well
with the measured data in the interactive region.
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fation

= width of compound channel (m)

= width of main channel (m)

= widths of URMC, IRCP, URFP and BR, respectively
(i =L II, IIT and V) (m)

= side width of main channel in IRCP (m)

= side width of floodplain in IRCP (m)

= half width of main channel (m)

= half width of floodplain (m)

= width of floodplain in BR (m)

= median diameter of sediments (m)

= Froude number in floodplain

= Froude number in main channel

= gravitational acceleration (m/s”)

= flow depth of floodplain (m)

= flow depth of main channel (m)

= H,.—Hp, (m)

= channel bottom slope

= discharge (m’/s)

= Reynolds number in floodplain

= Reynolds number in main channel

= suspended sediment concentration (kg/m")

= depth-averaged sediment concentration (kg/ m’)

= sediment-carrying capacity (kg/m’)

= suspended sediment concentration in floodplain
(kg/m?)
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S = suspended sediment concentration in main channel
(kg/m’)

Sp = suspended sediment concentration near bed
(kg/m’)

She = sediment-carrying capacity concentration near bed
(kg/m’)

Se = suspended sediment concentration near free surface
(kg/m?’)

U = transect mean velocity (m/s)

Up = flow velocity of floodplain (m/s)

Ui = flow velocity of main channel (m/s)

u = flow velocity at position y (m/s)

- = shear velocity (m/s)

U, V, W = temporal-mean velocities in x, z, y directions, respect-
ively (m/s)

u,v,w = turbulent perturbations of velocity in x, z, y directions,
respectively (m/s)

Uy = depth-averaged flow velocity in IRCP (m/s)

= distance in streamwise direction (m)

= distance in normal direction from bed (m)

= distance in transverse direction (m)

coefficients

= eddy viscosity (kg/m/s)

= flow depth coefficient

= water density (kg/m3)

= dynamic viscosity coefficient of water (kg/m/s)

= kinematic viscosity (m”/s)

= bed shear stress (N/m?)

= density of water (kg/m">)

= sediment settling velocity (m/s)

o N2 =

i)
Il

E DT A< EDTS®
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