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Al el e

Investigation of Kinetic and Momentum Correction Coefficients and
Flow Rate Estimation in Compound Channels

Elham Ghanbari-Adivi’

Abstract

Non uniform flow Transverse velocity distribution in the main channel’s interface zone with
floodplain in compound channels cause uncertainty to estimate in following parameters: the water
surface profile, flood routing and sediment and pollution transport.

The correction coefficients, (a) and (B) were used respectively, to employ the impact of this
uniformity on the kinetic energy and momentum values.

In this study, via FCF data for compound channels, the influence of floodplain width (4.1, 2.25
and 0.75 m) on o and B coefficient was investigated in symmetric and asymmetric compound
channels. According to the results, the maximum value of a and 8 was increased, due to increasing
the width of the floodplain.

Finally, the flow discharge was determined, with o and B calculating values via CES software.
Afterward, these values were compared with FCF laboratory data.

The normalized root mean square error (NRMSE) was estimated in appropriate range, it equal to
%15.6. This investigation showed that the high performance of the CES in determining the
hydraulic parameters of flow such as discharge, in symmetric and asymmetric compound
channels. But in general, this software overestimated the value of discharge.

Keywords: Asymmetric, FCF data, CES software, Correction coefficient, Symmetric
channel.
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Investigation of Kinetic and Momentum Correction Coefficients and
Flow Rate Estimation in Compound Channels

Elham Ghanbari-Adivi'

Introduction

Non uniform flow Transverse velocity distribution in the main channel’s interface zone with
floodplain in compound channels cause uncertainty to estimate in following parameters: the water
surface profile, flood routing and sediment and pollution transport. Any deviation from the
theoretical uniformity of velocity distribution is calculated by presentation of kinetic energy
correction coefficient (o) and momentum correction coefficient (B). If at a river, the velocity
difference between the main channel and floodplain is much, the value of a coefficient can
increase more than 2 (Henderson, 1966).

In arrears to the existence of some weaknesses like unphysical basis, boundary resistance
coefficient, overestimating floodplain and underestimating main channel in the available 1D
model such as ISIS, HEC-RAS and MIKE 11, Conveyance Estimation System (CES) was
developed. CES estimated the conveyance by Reynolds-averaged Navier-Stokes. Singh et al
(2018) applied CES and ANSYS fluent models to calculate flow parameters. They studied lateral
distribution of the velocity and shear stress in a gravel-bed channel experimentally and
computationally and showed that both models gave acceptable numerical results. The CES-
/ANSYS-estimated shear stress distributions were, respectively, higher and lower than the
experimental results; while CES delivered uniform boundary shear stress at the channel bed,
ANSYS 3D gave values close to the real data. This study uses the FCF data to study the effects
of the flow depth, in the compound channel on o and B coefficients, and investigates the CES
ability to estimate these coefficients and discharge in different settings.

Methodology
Using the data from Series 01, 02 and 03, each floodplain width was found to be equal to 5, 3.5
and 1.65 meters, respectively, while the main channel bed width and wall slope were constant.
For this purpose, o and B coefficients were studied. Also Using data from Series 06 (asymmetric)
of the FCF, the effect of the asymmetry on o and B coefficients was studied. Two types of errors
as well as the mean absolute percentage error (MAPE) and normalized root mean square error
(NRMSE), were considered to evaluate the efficiency of the CES model for estimation of o and
R coefficients and flow discharge. Eg. 1 shows the Kinetic energy correction coefficient as
followed: (Mohanty, 2013).

n 3 .
a = %’Z“l (1)
Also in compound channels, the momentum correction coefficient is obtained by dividing the sum
of momentum in each subsection into the momentum of entire section, as presented in Eq. 2
(Mohanty , 2013).

n p2q.
R = % )
where vi, ai, V, A and n are the average velocity at each subsection, the area of each subsection,
the average velocity in entire section, the area of the entire section and the number of subsections,
respectively.
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Discussion and Conclusion

In this study, via FCF data for compound channels, the influence of floodplain width (4.1, 2.25
and 0.75 m) on a and B coefficient was investigated in symmetric and asymmetric compound
channels. According to the results, the maximum value of a and 8 was increased, due to increasing
the width of the floodplain.

Finally, the flow discharge was determined, with a and B calculating values via CES software.
Afterward, these values were compared with FCF laboratory data.

The normalized root mean square error was estimated in appropriate range, it equal to %15.6.
This investigation showed that the high performance of the CES in determining the hydraulic
parameters of flow such as discharge, in symmetric and asymmetric compound channels. But in
general, this software overestimated the value of discharge.
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