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8. Leibniz

Slag,yg 5l eoliinl b e el o0 aisle Ve o) T
Foshen B o 5 i s YA (250 4 (Lol JUI 5 5o Lo
L SKen laeasocdw 0,51 993940 (sl ilos )5 oloul 1 jo
Y+ +# Rezaei) cusl oo ooliiwl pgiag)] JS& L by
Sy JUIS ;o ONPC6-0 3 ONPC2-0 (5,w slo jiulesl
@l Sen sloaygl) zo# o ¥ sl Sem 4l Jsb b g ypiin d
sl 00 |AL’>U‘ (4>)O YIAY 9 ARVAR W)Jda

S JU5 o ikl mls awlie glaied
0ol il (6976 4 azw ,0 5l eolanl b caws b jo Ol o
U o) Ko b ailen o /D g /T /Y cd Bos 4w oS
ol | eallaule;l JUIS Sslad slos (V) JS) 09 JuSCas
(225 o0

Gos 30 bawgin Gy (g S0l -)-Y

sy 3l oaliinl b Bos ;o Lawgie Cas s (5 S 050l
5 kol JUS @S 5l +/fH alold o (s 5kae slaily
sk YO (o356 Jolgs 5 5 cabs N S 51 /¥ (H-h)
S gialesl s (V) UKo llas sl ool plsl
5 ahaie 4w ;0 Gee 0 hawgle Caoyu (5,505l LONPC2-0
aoie mu 0 Zi s (5 uSel0il ONPCO-0 (5 s (slo il
ol ol plo!

R 1l okl
// y Y 104m
= “Im[ JHow & 1E] 10.398 m

s

\ 0.4m

e—2m—>=—12m —=| 50mm
je———  18m |

(<l
/3 04m
Po4sm ] flow 0.398 m
\ 0.4m
| 6m |=—8m I H
jae—  18m |k
()

&blio 9 (50 yé o8 po JUU 51 Soilods (o lod - S5
ONPC2-0 5y 5 sis Lo T (I :(Yo+F Rezaei) (g yuS'o 3l
ONPC6-0 (5 yw s o Lo (&

Sy e (6 S0 3lil -Y-Y
gty gl il eolitul b (ndse by A (5 S ojlail

7. Preston tube
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1. Introduction

Prediction of flow field in a compound channel is an important task for hydraulic researchers because of the
three-dimensional nature of the flow. The complexity of the problem increases, significantly, when floodplains
geometry changes from prismatic to non-prismatic form. In non-prismatic compound channels with
converging floodplains, the main feature consists of the mass and consequent momentum exchange between
the floodplains and the main channel. In the present work, based on the depth-averaged Navier-Stokes
equation, an analytical method is proposed and used to predict the depth-averaged velocity and boundary
shear stress distribution in non-prismatic compound channels with converging floodplains. In order to
consider the effect of the secondary flows in the depth-averaged Navier-Stokes equation, temporal mean
velocity components are assumed to be a portion of the depth-averaged velocity. Also, since the flow condition
is not uniform, the flume bed slope has been replaced by the energy line slope. The results of the proposed
analytical method are then compared with the experimental data, the modified SKM suggested by Rezaei and
Knight (MSKM), and the SKM method. The study shows that there is a good agreement between the results of
the new analytical method and the experimental data.

2. Methodology

Based on the two-dimensional approach, the Lateral Distribution Method (LDM) was developed to study
the velocity distribution in prismatic compound channels (see Wormleaton, 1988; Knight et al., 1989; Wark et
al, 1990; Wormleaton, 1996). The depth-averaged momentum equation for steady non-uniform flow in a
compound channel with non-prismatic floodplains can be written as follows:

_ _ __ 1)

f -2 0 o [T= aUg) @ (
SeH —p—+1 U —| pAHH ,|—Ud—— |=—[H(pVU

POSeH —pgV1+s°Ug + [p g Ud j [ (p )d]

oy

Where p=water density, g=gravitational acceleration, Se = energy line slope, H=flow depth, s=side slope,
Us = depth-averaged velocity, A=dimensionless eddy viscosity, f=Darcy-Weisbach friction factor, and
H(pVU), = shear stress due to secondary flow. According to Ervine et al. (2000), it is assumed that temporal

mean velocity components ((vU ), ) are a fraction of the depth-averaged velocity ( KU ¢° ) and therefore
1 62Ljd2

f—2 ZJT aljdz
SeH — p—Ug? + pAH? |—= = HpK
PISH —p-zUd”+p 82 o2 Py

(2)

The analytical solution of Equation (2) is as follow:
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Ug :lAley1y+A2e72y+KJll2 3)
Where k=(8gHSe)/f; and y1 and y2 may be written
(132
(—K) £,[/(-K)? + M(EJ
.72 = r (4)
o
8

The parameter K in the proposed model has to be characterized. Equation (3) is applied to a compound
channel with converging floodplains. In the initial test runs the value of K is estimated but successfully refined
until it gives the best fit with the depth-averaged velocity data. For example, in the middle of the converging
part of the flume, the K values near the floodplains were chosen 0.08 and 0.04 wall for experimental tests of
ONPC2-0 and ONPC6-0, respectively. However, by moving from floodplain walls to the main channel, the K
values would be changed to 0.001 and 0.0005 (for the non-prismatic compound channel with convergence

angles of 11.310 and 3.810).

3. Results and discussion

The results of the analytical modeling in the middle of the converging part of the flume for two experimental
tests of ONPC2-0-0.4 and ONPC6-0-0.4 are shown in Fig. 1. The figures indicate that to compare with the
Modified Shiono and Knight Method (MSKM) (Rezaei and Knight, 2009), there is a good agreement between
the experimental data and the depth-averaged velocity and boundary shear stress, modeled by the new
Analytical method (Analy). The mean absolute percentage errors (MAPE) calculated for the depth-averaged
velocity and boundary shear stress indicate that the accuracy of the proposed analytical model is almost two
times those for the Rezaei and Knight (2009) method.
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Fig. 1. Comparison between depth- Averaged velocity and boundary shear stress modeled using the new Analytical
method (Analy), the Modified Shiono and Knight Method (MSKM) (Rezaei and Knight, 2009), the SKM and the
experimental data for an experimental test of (a), (b) ONPC2-0-0.4 and (c), (d) ONPC6-0-0.4

4, Conclusions

The velocity and boundary shear stress distributions in compound channels with converging floodplains
were simulated using a new Analytical method. The results of numerical modeling were then compared with
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the Modified Shiono and Knight Method (MSKM) (Rezaei and Knight 2009), the ordinary Shiono and Knight
Method (SKM), and the experimental data. The results of modeling indicate that the ordinary (SKM), always,
overestimate the depth-averaged velocity and boundary shear stress in the non-prismatic compound channel
with converging floodplains. Also, the Mean Absolute Percentage Errors (MAPE) calculated for the velocity and
boundary shear stress distributions, show that the accuracy of the proposed analytical method is more than
the Modified Shiono and Knight Method (MSKM) (Rezaei and Knight, 2009).
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