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Abstract

Confluences play a major role in the dynamics ofvoeits of natural and manmade open channels. Sielcerheasurements on river
confluences reveal that discordance in bed elavagi@ommon, schematized confluences with a stéipeainterface between the tributary
and the main channel bed have been studied, ragetiat the bed elevation discordance is an impbralditional control for the
confluence hydrodynamics. This study aimed to impronderstanding of the influence of bed elevatimeordance on the flow patterns
and head losses in a right-angled confluence od@en channel with rectangular cross-sections. geladdy simulation (LES)-based
numerical model was set up and validated with @rparts by others. Four configurations with diffaréred discordance ratios were
investigated. The results confirm that an incréadeed elevation discordance yields a reduced tewidrom the geometrical confluence
angle of the tributary streamlines at the interfaxeeduced extent of the recirculation zone (RZyeduced ratio of the water depth
upstream to that downstream of the confluence, amneduced water level depression. The bed elevaliggordance also leads to the
development of a large-scale structure in the fethe step. Despite the appearance of the large-staucture, the reduced extent of the
RZ and associated changes in flow deflection/cotitnag/ield a decrease in total head losses expegtkiy the main channel with an
increase of the bed discordance ratio. It turnstioat the bed elevation discordance results innareased efficiency of converting the
lateral momentum from the tributary into streamwis@mentum in the main channel.

Keywords. Open channel confluence; Bed elevation discordaiitege-dimensional numerical modelling; Large eddyutation;
Recirculation zone

1. Introduction

Stream confluences play an important role in nétwaif natural or artificial open channels, as tregulate water
elevations and the transport of sediments, nussjemid pollutants. Therefore, confluence hydrodyosimave been the
subject of many field studies, laboratory experitagmnd numerical simulations (Rice et al., 2008ngoer and
Rhoads, 2014; Gualtieri et al., 2018; Yuan et24117, 2018; Umar et al., 2018; Lewis and Rhoad$8RBathymetric
surveys in river confluences often reveal the exis¢ of a difference in bed elevation betweenribatary and main
open channel (Kennedy, 1983; Kennedy, 1984; Biroal.e 1996a). Moreover, the flow patterns of disiemt bed
confluences are found to be profoundly differentrfrthose of concordant bed confluences (Biron.etl8b6a,1996b;
Bradbrook et al., 2001). Field studies such as BeeS et al. (1999) and Boyer et al. (2006) in@idagt a strong
secondary circulation may develop in the lee ofed blevation discordance in the confluence hydradya zone
(CHZ). This feature may not only be relevant to imgjxand scouring processes, but its interactiom whie other
features of the open-channel confluence may be ritapbfor the head losses, hence the backwatestefieduced by
the confluence. Also, laboratory experiments haewealed significant differences in flow and turlmde
characteristics between discordant and concordahtbnfluences (Biron et al.,1996a, 1996b).

Detailed laboratory (e.g., Weber et al., 2001; Qzeét al., 2017; Yuan et al., 2018) and numerstaties (e.g.,
Constantinescu et al., 2012, 2014; Luo, 2017) efitpdrodynamics of asymmetric confluences of ogemnels with
equal width often make use of geometrically schemedtconfigurations with sharp-edged confluenceners. In the
case of concordant beds, such confluences areatidrad by complex hydrodynamic patterns (Fig),1{ehich is
adapted from Best (1987)), including a zone of flstagnation at the upstream confluence corner,x@ngiayer
between the merging flows, a separation zone @f ftom the downstream confluence corner (Hager,71,98nd an
ensuing shear layer (Best, 1987). Those pattempradominantly influenced by parameters, sucthegé&ometrical
confluence angle, the momentum flux ratio, the s1ectional shape, and the Froude number) for the downstream
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