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Evaluation of Water Surface Elevation in Non-Prismatic Compound
Channels

Hojjat Allah Yonesi', Ali samadi Rahim", Hassan Torabi Poudeh", Babak Shahinejad*

Abstract:

Predicting the water level in non-prismatic compound channels is necessary to determine the boundaries

of floodplains in the range of converging or diverging and also to determine the stage-discharge curves
of river flow during floods. In this study, using laboratory data taken from three compound channels
with divergent and convergent floodplains at different angles of divergence and convergence, depth
ratios and different roughness ratios, the relationships for estimating the water level in such sections
have been investigated. The maximum relative error of the proposed relationships for depth ratios is less
than 0.4 in divergence and convergence conditions is 13.29% and in depth ratios is greater than 0.4 and
in divergence and convergence floodplains is about 1.98%. The results show that the water surface level
along a diverging and converging range in non-prismatic compound channel with different divergence
angles respectively increases and decreases with increasing depth ratios. Also, in this experimental
conditions, the water level in the divergence (convergence) range of floodplain is affected by factors
such as depth ratio and relative distance and follows less than relative roughness and divergence
(convergence) angle.

Keywords: Water surface elevation, diverging and converging angles, relative roughness, depth
ratio, Non-prismatic compound channel sections.
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Evaluation of Water Surface Elevation in Non-Prismatic Compound
Channels

Hojjat Allah Yonesi', Ali samadi Rahim", Hassan Torabi Poudeh", Babak Shahinejad*

Introduction:

Compound channel is consists of a main channel and one or two floodplains. In hydraulic studying of
compound channels the complexity of analyzing is more, when the compound channel become non-
prismatic. The interaction between the flow in main channel and floodplain and momentum exchange
in non-prismatic compound channel increases. This additional exchange should also be taken into
account in the modeling flow. Water surface elevation is a series of transition curve from the normal
depth in one sub reach to the normal depth in the adjacent sub reach. Water surface elevation prediction
is a vital issue in flood risk management and also in the assessing ecological effects of bridge
construction or changing the cross section geometry of channels, which is less considered in relation to
non-prismatic compound channels. In this study, the effects of divergence and the convergence of the
water level in the canal combined with two floodplain has been investigated with using experimental
data of Yonesi et al (2013) and Naik and Khatua (2015) and Rezai (2006).

Methodology:

Water surface elevation in prismatic compound channel is a function of the width ratio, aspect ratio and
depth ratio. In non-prismatic compound channel due to changes in channel geometry the water surface
elevation is different from the prismatic compound channel. In this research an attempt has been made
to see the variation of water surface elevation in non-prismatic compound channels with respect to
different independent parameters. Water surface elevation in non-prismatic compound channels has
been derived from a wide range of experimental data sets from diverging compound channels with three
different diverging angle, relative depth and roughness ratio, then compared with the experimental data
sets of converging compound channel. A multiple-variable regression model is developed by taking six
important dimensionless independent parameters. Dimensionless water surface elevation in non-
prismatic compound channels obtained as a non-linear function of width, aspect and depth ratio,
diverging or converging angle, relative roughness and relative distance.

Discussion and Conclusion:

The variation of water surface elevation for diverging compound channels in terms of depth ratio and
relative distance are plotted for different diverging angle and roughness ratio. The water surface
elevation along a non-prismatic compound channel are found to increase with increase of relative depth
for diverging compound channels of different diverging angles and also increases along the diverging
lengths of the channel under sub-critical flow conditions. By analyzing this plots, the best functional
relationships of dimensionless water surface elevation with different non-dimensional geometric and
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hydraulic parameters for the ranges of overbank flow depth in diverging compound channel obtained.
The obtained relationship is a function of the relative distance and depth ratio, and the parameters of
diverging angle and roughness ratio are neglected, because they had little impact. To check that obtained
equation for converging compound channel is established or not, used from a series of experimental data
of converging compound channel, and compared with results and models obtained by other researchers.
Percentage error of obtained function for computing water surface elevation of converging compound
channel is less that could prove the effects of the equation. By using nonlinear regression and SPSS
software, the water surface slope along the diverging area obtained, as a nonlinear function of diverging
angle, roughness ratio and depth ratio for diverging compound channel.

Conclusions:

By analyzing experimental data and compare results, It can be concluded that: Water surface elevation
increased with increasing depth ratio in the divergence non-prismatic compound channel with different
divergence angles, and reduced With a long of convergency of floodplains.
» Water surface elevation in the range of divergence (convergence) floodplain influenced by factors such
as the depth ratio and relative distance and the range of tests, the less than the relative roughness and
the angle of divergence (convergence)

e The maximum of error was happen in predicting the water surface elevation at low depths ratio while
maximum of error in (1) and (2) occurs at the depths ratio.

Keywords: Water surface elevation, diverging and converging angles, relative roughness, depth ratio,
Non-prismatic compound channel sections.
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