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1 Vortices

2 Vertical stretching

3 Large scale coherent structures (2DSC)
4 Mid-Point

5 End-Point
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Experimental Investigation of the flow pattern in the Embayment
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Abstract

Embayment or Side-cavities are built as a natural or artificial complication, which generally has
shallow flow conditions, as affecting the hydraulic conditions of the flow. These complications affect
important hydrodynamic processes that play an important role in the general behavior of the flow by
creating secondary structures and shear layers. Therefore, the experiments were performed in an
Embayment with a size of 0.3 * 0.3 m, adjacent to a canal 0.5 m wide. Speed measurements in the
defined network were performed using the Vectrino 3D Velocimeter. Observational results confirmed
the existence of a large-scale gyre in the interior of the embayment. Further analysis of the data
showed that the velocity in different directions is affected by flow of the main canal and with
increasing current in the main canal flow, the velocity in the embayment also increases. Also, the
results showed that at a constant flow through the main channel, with increasing flow depth, the speed
in the outer half of the embayment decreases as the main channel but in the inner half, the speed
increases with increasing depth. This indicates as increasing depth, a greater advancing of the stream
into the embayment would be observed.
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complication, which generally has shallow flow conditions, as affecting
the hydraulic conditions of the flow. These complications affect important
hydrodynamic processes that play an important role in the general
behavior of the flow by creating secondary structures and shear layers.
Therefore, the experiments were performed in an Embayment with a size
of 0.3 * 0.3 m, adjacent to a canal 0.5 m wide. Speed measurements in the
defined network were performed using the Vectrino 3D Velocimeter.
Observational results confirmed the existence of a large-scale gyre in the
interior of the embayment. Further analysis of the data showed that the
velocity in different directions is affected by flow of the main canal and
with increasing current in the main canal flow, the velocity in the
embayment also increases. Also, the results showed that at a constant flow
through the main channel, with increasing flow depth, the speed in the
outer half of the embayment decreases as the main channel but in the inner
half, the speed increases with increasing depth. This indicates as
increasing depth, a greater advancing of the stream into the embayment
would be observed.

1. Introduction

The Embayment, which are generally formed naturally or artificially, are in fact part of a large-scale
aquatic ecosystem as well as the hydrological cycle.An embayment can be located in the middle or at
the end, each of which will have completely different hydrodynamics. embayments that cross the river
can be formed for a variety of functions, including recreational purposes, transportation, pollution
control, sediment control, and environmental purposes. Studies show that the findings and observations
and measured data on the dominant hydrodynamic and ecosystem processes in the embayments are
more or less limited, so researchers' perceptions of the details of these processes are not yet fully formed.
Previous studies show that the rotational flow in an embayment flows consist of three distinct regions:

i) a large-scale rotating gyre driven by the shear,

ii) a mixing zone, situated in the shear layer between the main flow and the embayment
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iii) the “dead zone” (or the core), that is situated in the center of the rotating gyre and is a low-speed
region.

Past studies indicate a lack of adequate research on the Middle embayment Especially in Iran, no studies
have been conducted on the Middle embayment. For this purpose, in this study, the hydraulic behavior
of the flow in the middle embayment area has been investigated using laboratory data.

2. Materials and Methods

To achieve the research objectives, experiments were performed in the hydraulic laboratory of the
Faculty of Agriculture, Shahroud University of Technology. The flume used was a sloping channel with
12 m length, 80 cm depth with glass walls and in order to calm the flow at the entrance, two mesh plates
were used. The flow mechanism in the flume is rotating and the inlet flow control was performed with
the help of Orifice and a Hyundai N700E inverter device. The construction of the embayment with
dimensions of 0.3 * 0.3 m on the left bank of the flume was done by cutting and shaping the galvanized
sheet parts and sealing the model with aquarium glue. First, the open hydraulic flow development test
was performed and the control volume range was determined. Then the area was networked. The
experiments were performed in two series with turbulent subcritical regime: a) constant depth and
variable flow, b) variable depth and flow. To measure velocity components and determine the flow
pattern, the Vectrino 3D velocimetr, one of the most advanced types of ADV, is used and has a moving
carriage that can move along the length and width of the channel. Then, the flow lines were drawn and
the collected data were analyzed using Tecplot software.

3. Results

Considering that the ratio of the width of the embayment to the river is one of the effective parameters
in the hydraulics of the embayment cavity, in the initial experiments the flow paths were examined
using objective observations and the presence of embayment hydraulics in the control volume with the
help of debris materials. Addition of suspended sediment to the inlet was approved. During the
experiment, current rotation was recorded using a video camera.

- Investigation of total velocity (V):

Examination of speed changes in the center of the embayment shows; at a constant depth, as the flow
in the main channel increases, the flow velocity in the embayment area also increases. Also, with
increasing flow in the main channel without depth limit, depth and speed will increase simultaneously.
A noteworthy result is the existence of a minimum point in the center of the embayment. So that the
velocity chart changes in the outer half of the embayment are descending and in the inner half of the
embayment (half to the connection to the main canal) is ascending. Also at constant flow, as expected,
the velocity decreases with increasing flow depth. This trend is also observed in the outer half of the
middle embayment, but in the inner half, with increasing depth in the constant flow of the main canal,
we will also have an increase in speed.

Investigation of longitudinal changes in velocity (Vx):

Due to the magnitude of the values of longitudinal velocity relative to transverse and deep velocities,
this velocity affects the total velocity and has a process similar to the total velocity. Also in the center
of the embayment (distance 15-20 cm) we see a change in the direction of longitudinal velocity. In other
words, in the outer half of the embayment, the velocity is always negative and in the inner half of the
center of the embayment, the velocity has a positive direction. This change of direction indicates the
cycling cycle inside the embayment.

-Investigation of transverse velocity changes (Vy):

The results show that at a constant depth, with increasing flow in the main channel, the transverse
velocity magnitude also increases. Also, with increasing flow in the main channel, the depth and
magnitude of the transverse velocity increase simultaneously. In the embayment area, as we move from
the outside of the embayment to the main channel, the magnitude of the transverse velocity
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decreases. In other words, on the outside of the embayment, we will have a stronger
transverse velocity.

4.  Discussion and Conclusion

In the Middle embayment with the mentioned characteristics, a large-scale circulatory cycle has been
established, which confirms the observational results of previous studies (Babarutsi & Ganoulis, 1989;
Kimura & Hosoda, 1997; Uijttewaa et al, 2001). The velocity in the embayment area is much lower
than the main canal and the lowest velocity occurs in the center of the embayment. As the flow in the
main channel increases, the inflow to the bay also increases and the speed increases. The longitudinal
velocity VX is negative in the outer half of the embayment and positive in the inner half this is while
the transverse velocity Vy has two negative and positive parts in the upstream and downstream.
Examination of velocity profiles of the embayment shows that longitudinal and transverse velocities
have central symmetry and with increasing inlet flow, in addition to increasing the depth of flow,
velocities also increase.
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