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5 Acoustic Doppler Velocimeter (ADV)
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Abstract

In this study, experimental research was conducted to determine the effect of arrangement and
canopy density and other common non-dimensional hydraulic parameters on drag coefficient of
rigid vegatations, during long waves. The beach and vegetation model was fitted at a knife edge
flume. A dynamic loads were measured by Load Cell device (Type Single base with a capacity
of 50 kg) and 3D velocities were measured by Acoustic Doppler Velocimeter equipment. The
experiments were performed in two triangular and rectangular layouts, which include densities of
12 to 273( stem/m 2). The results showed that the vegatations Drag coefficient was indirectly
related to the flow velocity. As the flow velocity of rigid vegatations decreases, the Drag
coefficient increases. It was also found that rigid vegatations have a significant influence on
energy absorption and energy dissipation. On average, with an increase of 15%, the area occupied
by the coverage is increased by 12% to the values of the Drag coefficient. In the most dense case,
273 stems per unit area with increasing relative wave height, due to the fact that the wave is
involved in colliding with the beach and breaking the wave with more coverage, the traction force
is increased and 18% is added to the Drag coefficient. In the most dense case, with a decrease of
8% in the Reynolds value, the Drag coefficient increased by 33%, and in the lowest density, the
increase in the Drag coefficient increased to 44%.
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waves. The beach and vegetation model was fitted at a knife edge flume.
A dynamic loads were measured by Load Cell device (Type Single base
with a capacity of 50 kg) and 3D velocities were measured by Acoustic
Doppler Velocimeter equipment. The experiments were performed in two

Keywords: Drag triangular and rectangular layouts, which include densities of 12 to
coefficient, Force, 273(stem/m 2). The results showed that the vegatations Drag coefficient
Vegetation density, was indirectly related to the flow velocity. As the flow velocity of rigid
Longth waves vegatations decreases, the Drag coefficient increases. It was also found

that rigid vegatations have a significant influence on energy absorption
and energy dissipation. On average, with an increase of 15%, the area
occupied by the coverage is increased by 12% to the values of the Drag
coefficient. In the densest case, 273 stems per unit area with increasing
relative wave height, due to the fact that the wave is involved in colliding
with the beach and breaking the wave with more coverage, the traction
force is increased and 18% is added to the Drag coefficient. In the densest
case, with a decrease of 8% in the Reynolds value, the Drag coefficient
increased by 33%, and in the lowest density, the increase in the Drag
coefficient increased to 44%.

Tree Cover Arrangement Effect on its Drag Coefficient exposed to Long Waves




_ Iranian Journal of Irrigation and Water Engineering 90

1. Introduction

Coastal areas form dynamic ecosystems at the land-sea interface (Martins et al., 2013). An important
feature of these areas is their variability due to the exposure to many natural and human-made pressures.
Among several non-structural and structural coast protection methods, the latter have detrimental
effects on coastal environment (Fathi-Moghadam et al., 2018).

2. Materials and Methods

Experiments were performed in a laboratory flume of 8.6 m long, 0.6 m wide, and 0.6 m height
composed of a metal floor and Plexiglas walls. Water from the main water pipe was pumped through a
connecting pipe into the wave tank in the flume.

The waves studied in this research were created based on the solitary wave simulation. The
application of solitary wave in simulation of tsunami wave’s effects and their propagating to coastal
areas has received considerable attention in the last decades. An important reason for this simulation is
the transmission property of the solitary waves. Here, two sliding gates were installed in a 2-m distance
of the flume to create a reservoir where water could be regulated at different levels and waves with
known heights could be created by quick gate opening (Jalil-masir et al., 2021). To measure the force
applied to the coast, a moving plate was equipped with a 50 kg-capacity dynamic load cell of class C3
measurement accuracy with 0.023% error installed in front of the knife edge flume to transfer the
instantaneous wave force exerted to the moveable plate and tree cover model to the PM-LDO1 electronic
display.

To measure the velocity, the received information and signals were recorded by a 3D ADV
(Vectrino+) Acoustic velocimeter and stored on Data Logger software on the attached computer system.
The wave breaking point was estimated in preliminary experiments according to studied geometry, and
the velocimeter was installed on the coastline to record the wave velocity at the breaking moment.

3. Results

An increase in rows and in cover widths, and a decrease in inter-cover distances increased both drag
coefficient and the force. For instance, at a wave height of 9 cm and a fixed distance of 5 x 5 cm,
increasing rows from 4 to 13 increased the drag coefficient by 36.65%. At the same wave height, a fixed
cover width, and a variable distance, reducing the distance from 20 x 20 cm to 5 x 5 cm for example,
increased the drag coefficient by 27.54 %, because more wave force was absorbed and dissipated by
the cover due to more number of rows against the wave and more applied resistance

4. Discussion and Conclusion

This research investigated the effective contributions of tree cover to protection against
the long waves in tsunami conditions. By direct measuring of trees drag forces and waves
velocities, the tree cover efficiency in creating resistive forces and in wave force
absorption/attenuation was investigated in the form of drag force.

To achieve a higher drag coefficient, the effects of cover density, distance, width, and
arrangement and wave height on wave force absorption were also examined. More
variations were seen especially for higher densities and larger cover widths. An increase
in row numbers and in cover widths and a decrease in inter-tree spacing increased the
force and, hence, the drag coefficient. The staggered arrangement was shown to be more
efficient than the parallel layout.

Explaining the effects of coastal conditions on the wave-caused drag force, practically
with independent measurable wave-coast variables, enables a better understanding and
estimation of drag coefficient to evaluate numerical models.

Tree Cover Arrangement Effect on its Drag Coefficient exposed to Long Waves (Case study: Tireh-
Marbareh Rivers of Lorestan)
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