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Abstract

A hydraulic jump is a rapidly varied flow. It represents a transition from a
supercritical flow into a subcritical one. Hydraulic jumps are an important water
flow phenomenon in open channels with numerous applications. The physical and
hydraulic properties of hydraulic jJumps in open compound cross-sections cannot
be found by classical equations. Due to the limited resources in the field of
hydraulic jump in compound sections and also due to the fact that the classical
theory of hydraulic jump cannot be generalized to composite sections and its use
can cause errors in calculating the jump length, depth of the conjugate and the
amount of energy loss. Therefore, the study was implemented on an experimental
channel with a length of 10 m, a width of 1 m, and a height of 0.8 m in the
Hydraulics Lab at the Gorgan University of Agricultural Sciences and Natural
Resources. 6 meters of the total length of the channel has been transformed into
a composite channel. The flow depth on both the super- and sub- critical depths
of the jump and the along the hydraulic jump were measured using a digital depth
meter. Also, a flow meter was used to measure the flow rate, while the flow
velocity along the jump was obtained using a pitot tube in the form of a grid with
meshes of different sizes (2-5 cm). It was found that hydraulic jumps in the
compound channel had different physical characteristics from the classical
classifications, and that the classical equations would lead to significant errors.
The present study formulated the conjugate depths and hydraulic jump lengths in
compound open channels based on the front pattern. Also, the ranges of simple
hydraulic cross-sections, hydraulic jump transition area, and hydraulic compound
cross-sections were determined by plotting and comparing vertical and horizontal
velocity profiles at different longitudinal distances, identifying the length of the
hydraulic jump transition area in a compound cross-section. It was found that
hydraulic jumps in the compound channel had different physical characteristics
from the classical classifications, and that the classical equations would lead to
significant errors. Also, the length of the hydraulic jump transition zone in the
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composite cross section was extracted, which was found to be 23.2% on average
higher than classical estimations. The average conjugate depth ratio in this
hydraulic jJump was obtained to be 9.6% higher than the classical estimation. In
addition to the froude number, the changes in energy loss also depend on the
relative width and depth, which with increasing the relative width of the energy
loss approaches the amount of the energy loss in the classical state and increases
with increasing relative depth.

1. Introduction

A hydraulic jump is a rapidly varied flow. It represents a transition from a supercritical flow into a
subcritical one. Hydraulic jumps are an important water flow phenomenon in open channels with
numerous applications. The physical and hydraulic properties of hydraulic jumps in open compound
cross-sections cannot be found by classical equations. In theory, an open composite section consists of
a main channel that passes the base flow and one or two plain floods that pass part of the flow rate under
overflow conditions. Due to the limited resources in the field of hydraulic jump in compound sections
and also due to the fact that the classical theory of hydraulic jump cannot be generalized to composite
sections and its use can cause errors in calculating the jump length, depth of the conjugate and the
amount of energy loss. The study of hydraulic jump in an open rectangular compound channel is
research that helps to increase the theoretical knowledge in the field of understanding the characteristics
of different types of hydraulic jumps. In addition, the production of experimental data in this study can
be used by other researchers to evaluate and determine the accuracy of numerical and analytical models.
The present study experimentally induces a steady-state, symmetric hydraulic jump in a compound open
channel in order to quantify its physical properties, including the jump length, conjugate depths, and
velocity distribution.

2. Materials and Methods

The study was implemented on an experimental channel with a length of 10 m, a width of 1 m, and a
height of 0.8 m in the Hydraulics Lab at the Gorgan University of Agricultural Sciences and Natural
Resources. 6 meters of the total length of the channel has been transformed into a composite channel.
Also, the main cross-section and floodplains had adjustable depths and widths. Glass was used to
convert the rectangular section of the laboratory channel into a rectangular composite section with two
symmetrical floodplains. The flow depth on both the super- and sub- critical depths of the jump and the
along the hydraulic jump were measured using a digital depth meter. Also, a flow meter was used to
measure the flow rate, while the flow velocity along the jump was obtained using a pitot tube in the
form of a grid with meshes of different sizes (2-5 cm). Furthermore, the hydraulic jump length was
calculated through the vertical velocity profile and shear layer development. The present study
examined the effects of the relative width (ratio of the width of the main channel to the total width of

the channel) B, = % and initial Froude number. Three relative widths (i.e., 0.2, 0.3, and 0.4) and three

initial Froude numbers (Fr>2 and 4<Fr<7) were studied in a total of nine tests. In each test, the initial
Froude number was set to induce a hydraulic jump by changing the opening of the upstream opening
height at a given flow rate.

3. Results

It was found that hydraulic jumps in the compound channel had different physical characteristics from
the classical classifications, and that the classical equations would lead to significant errors. The present
study formulated the conjugate depths and hydraulic jump lengths in compound open channels based
on the front pattern. Also, the ranges of simple hydraulic cross-sections, hydraulic jump transition area,
and hydraulic compound cross-sections were determined by plotting and comparing vertical and
horizontal velocity profiles at different longitudinal distances, identifying the length of the hydraulic
jump transition area in a compound cross-section.

4.  Discussion and Conclusion
The present work experimentally induced hydraulic jumps in compound open channels and quantified
the physical properties of hydraulic jumps (e.g., conjugate depths and hydraulic jump length) by point
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velocity, flow rate, and flow velocity measurements. Longitudinal and transverse profiles of velocity in
the longitudinal direction determined the hydraulic jump transition areas and the composite cross
section, and finally the length of the hydraulic jump transition zone in the composite cross section was
extracted, which was found to be 23.2% on average higher than classical estimations. The average
conjugate depth ratio in this hydraulic jump was obtained to be 9.6% higher than the classical
estimation. In addition to the Froude number, the changes in energy loss also depend on the relative
width and depth, which with increasing the relative width of the energy loss approaches the amount of
the energy loss in the classical state and increases with increasing relative depth.
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