
Hydraulic Characteristics Under Model Seagrasses by Flow Visualization Using
the PTV Technique

INTRODUCTION

Model Seagrass

Experimental Method

Seagrass has high productivity, therefore, its ecosystems
provide habitats for a wide variety of marine organisms, both
plan and animal; these include plankton and fish, not to mention
microbial and parasitic organisms. As well as directly
producing organic matter, on a physical level, seagrasses act as
a substance to stability the sediment. Because seagrasses form a
dense rhizome system, they reduce potential sediment erosion
in the shallow waters. Also they function to keep the seawater
clear. However, by encroaching on the sea environment,
seagrasses have been decreasing. From the viewpoint of coastal
ecosystem, in an effort to recover from some of the damage
zone to seagrass field a number of attempts to transplant and
artificially restore seagrass have been attempted. But the
satisfied results have not been obtained. Because the interactive
mechanism between seagrasses and hydraulic conditions under
wave motions is so complicated.

Several investigations on the hydrodynamics like wave
damping or sediment transport by seagrass field, sea vegetation
and artificial seaweed have been examined, e.g. .
(1968), . (1993), et al. (1993) and

(1996). However, there is no enough information to
restore seagrass field.

In the present study, a laboratory flume experiment was
carried out to study the flow dynamics. It is so difficult to
actually mimic field condition. The objectives of this study,
therefore, based on a laboratory flume are to examine the flow
dynamics: velocity profiles, turbulence intensity and suspended
sediment concentration within and above model seagrasses by
using a quantitative imaging technique.

Natural seagrass like could not be used in an
experimental flume.Also it does not oscillate regularly around a
natural position even under regular wave motions, always
inclining to the onshore side and moving. Since imaging
technique is used here, laser light sheet should pass through
model seagrasses. Hence model seagrass was made of cork and
a transparency. To examine changes of flow pattern due to
appearance of model seagrass movement, other model

seagrasses were made of an aacryl sheet and a steel plate. The
former has feature to return to a neutral position by itself when it
inclined to both sides and the latter does not move at all.

Experiments were conducted in a 18m long, 0.6m wide, and
0.9m deep laboratory flume. Model seagrass with 15cm height
was placed at an interval of 8.5cm in the wave tank to make two-
dimensional section, as shown in Figure 1.

The Particle Tracking Velocimetry (PTV) technique was
used to measure the instantaneous velocity distribution under
model seagrass. Here, a brief description of the PTV system is
given as follows: The PTV system consists of double-pulse
Nd:YaG lasers and a high resolution digital CCD camera
(Kodak ES1.0). Double-pulse Nd:YaG laser light sheets
illuminate flow fields by using a cylindrical lens. The reputation
frequency of the pulse laser and the delay between the each
pulse laser were set to be 15 Hz and 5 microseconds,
respectively. The laser light sheets illuminate the vertical cross
section in the direction of wave propagation from the upper
side. The CCD video camera, whose resolution is 1008(H) x
1018(V), was synchronized with the laser light sheet with the
aid of a computer. Nylon 12 particles were used as seeding
particles, whose specific gravity and diameter were 1.02 and 50
micron, respectively.

After images were captured, the Super-Resolution KC
method ., 2000) was applied for the
instantaneous velocity measurements in the PTV technique.
The Super-Resolution KC method is one of the most
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The hydraulic characteristics under model seagrasses was studied experimentally by flow visualization technique.
Model seagrasses were made of three kinds materials; cork, acryl and steel. To examine flow patters, the particle
tracking velocimetry (PTV) technique was employed. Also suspended sediment concentration was measured by
visualization technique similar to PTV technique and the changes of sea bottom profile with or without natural
vegetation under wave motions was examined in a water flume. A form of movements of cork model seagrasses is
similar to that of natural vegetation. The boundary layer would be developed upward and downward from the top of
model seagrasses and also positive vorticity and negative one are generated near there. They might be contributing to
produce upward and downward flows between the model seagrasses. Natural vegetation has an ability to prevent the
erosion of movable beds.
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Figure 1. Schematic figure of experimental method.
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sophisticated PTV algorithms, which can measure the
movement of each tracer particle on images between two-time
step images.

Table 1 shows the experimental conditions for the velocity
measurement. Using a water level just over the measurement
section as a trigger, laser light sheet was controlled, then one
hundred pictures have been captured at the following six wave
phases; zero up (a free surface crosses up a still water level),
zero down (a free surface crosses down a still water level),
before and after wave crest or wave trough passes across the
measurement section (hereafter MS).

The mean velocity at a fixed location and time is calculated
from the ensemble average

where : mean velocity, : the -component of the
instantaneous velocity from the measurement, and N: total
number of measurement. The instantaneous velocity can be
then divided into the mean quality and turbulent fluctuation as

= + (2)

where “ ’ “ represents the turbulent fluctuation. The turbulence
intensity on a two-dimensional plane is defined as

Fig. 2 and Fig.3 show velocity vectors and turbulent intensity
for run 1 at the wave phases of zero up, zero down, after wave
crest and wave trough passes cross MS. In the figures the lines
stand for the model seagrasses. They are oscillating at the
onshore side for the mostly part of one period, and the way of
their movement is similar to natural seagrass.At the wave phase
of zero up, only vertical flows are seen above the model
seagrasses and onshore flows within them. Also offshore flows
are occurred near the sea bottom .At the wave phase before and
after wave crest passes across MS, onshore flows are developed
gradually and vertical flows are seen. At the wave phase of zero
down, offshore flows are occurred above the model seagrasses
and onshore flow near the top of them. Also a vortex is formed
there. Before and after the wave trough passes across MS, the
flow direction is changed and the offshore flow is formed within
and above the model seagrasses and the anticlockwise flow at
the top of them.

Turbulence intensity is generated near the top of the model
seagrasses MS or along them at the wave phase after wave crest
passes across and its magnitude is about 30% of maximum
velocity. After wave trough passes across MS, the region of
turbulence intensity occurred near the top of the model
seagrasses diffuses into the interior region between model
seagrasses and gradually decrease. The high turbulence
intensity dose not appears under the model seagrasses when
wave trough passes across MS.

Fig.4 shows velocity vectors and turbulence intensity for run
2 under acryl model seagrasses. The present model is oscillating
symmetrically at a neutral position because of its elasticity. At
the wave phase of zero up, the horizontal flow direction above

and within the model seagrasses is opposite mutually and
vertical flow is seen above them. Before and after the wave
phase wave crest passes across MS, a horizontal flow is
prominent within and outside them and the counter clockwise
flow is seen near the bottom. At the wave phase of zero down,
the flow direction is onshore above the model seagrasses and
offshore within them. At the wave phase after wave trough
passes across MS, the clockwise circulation flow is generated
within the model seagrasses. The region and the wave phase
turbulence intensity are seen are similar to that in fig.2. But the
range of their spatical distribution is large. Values of turbulence
intensity are 20% to 30% orders of maximum velocity.

In fig.5 velocity vectors and turbulence intensity under steel
model seagrasses are shown. For all the wave phase, a large
counter clockwise circulation flow is seen, also a small
clockwise circulation flow near the top of the model seagrasses
at the wave phase wave crest passes across MS. The flow
patters are very similar to that in the spur dikes. Turbulence
intensities are so weak for all the wave phase in the present
model seagrasses. It was noticed that flow patters and
values of turbulence intensity differ according to movement
style of model seagrasses under wave motions as shown in fig.2
to fig.5.

Fig.6 and 7 show vertical profiles of horizontal velocity and
turbulence intensity in the center line between both seagrasses
at the each wave phase, in where a negative value stands for
onshore direction flow and a positive value for offshore
direction flow. The boundary layer is developing gradually
from the top of model seagrasses. The horizontal flow
increasing from the bottom is reduced suddenly due to
turbulence intensity near the model seagrass. This result is
similar to experimental data and field observation results by

(1995). They demonstrate in their studies that stem of
seagrass has major effects on flow patters than leaves.

EXPERIMENTAL RESULTS

Mean Velocity and Turbulence Intensity

Vertical Profiles of Mean Horizontal Velocity
and Turbulence Intensity
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Table 1. Experimental condition.

(cm) (sec)
Run Wave Height Wave Period Water Depth

(cm )

1 6.7 1.96 40

2 7.4 1.85 35

Figure 2. Velocity vectors measured under cork moldeseagrass
by the PTV technique for run 1.
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Horizontal Profiles of Vertical Mean Velocity
and Vorticity

Fig.8 and 9 show the horizontal distribution of vertical flows
and vorticity at the height of model seagrass from the bottom.
Note the top position of model seagrass is not constant due to its
movement. Vorticity is given from Stokes's theorem as follows:

= 0 = ( x )

where :circulation, U :velocity vectors, :Vorticity, :arc
length, :boundary surface

Vorticity is given from eq. (5)

where : horizontal grid and vertical grid in the integral
path, respectively.

A counterclockwise vorticity is positive and clockwise one
negative. Both clockwise and counter clockwise vorticities are
formed between the seagrasses. Though the flow patters are so
different at the wave phases of zero up and zero down, the
distribution profiles of vorticity are similar. At that time, the
horizontal flow demonstrates a streamline similar to the flow
over a wavy bed profile.

Although time lag between before and after the wave phase
when wave crest passes across MS is very small, a change of
distribution profile of vorticity is remarkable and both positive
vorticity and negative one are mixed.At the wave phase marked
with arrows in fig.8, upward flow is generated by the vorticity
between the seagrasses and also before and after wave trough
passes across MS, upward and downward flows are generated.
These vertical flows could contribute to momentum exchanges
inside and outside the seagrasses. An illustration on such flow
patters is shown in fig.10.

� �� �Udl U dS =

dl
ds

x, y

� �	 ds (4)
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Figure 3. Tubulence intensity corresponding to figure 2.
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Figure 4. Velocity veectors and turbulence intensityunder acryl
model sagrass for run 2.
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Figure 5. Velocity veectors and turbulence intensityunder steel
model sagrass for run 2.
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MEASUREMENT OF SUSPENDED
SEDIMENT CONCENTRATION

Experimental method

Experimental results

Measurement of suspended sediment concentration between
the seagrasses was carried out by the same PTV technique as
velocity measurement. Suspended sediment concentration
depends on brightness of sand particles and it is known that the
quality of image picture would be changed due to an intensity of
lighting, a stop of camera and size of a sand particle. The
previous method to measure suspended sediment concentration
by image technique is based on an assumption of proportional
relation between suspended sediment concentration and
brightness intensity of sand particle. To check the assumption, a
preliminary test has been conducted in a water flume with
uniform suspended sediment concentration. As a result, the
values of brightness intensity on image picture are random even

under the controlled suspended sediment concentration.
Therefore suspended sediment concentration was estimated by
counting a number of sand particles from the captured image
picture. To count a number of sand particles, “Particle Mask
Correlation Method” is used.

One example of the captured image pictures is shown in
fig.11, in where a color is turned over: the black part means a
sand particles or suspended sediment. In the figure a wavy line
at the bottom stands for sand ripple and the bottom datum level
is set to be its trough. Suspended sediment into the water picked
up at the wave phase of zero up is transported toward offshore
side. The effect of model seagrasses on suspended sediment is
not so remarkable.

Figure 12 shows the distribution of sand particles
corresponding to fig.11, in where a black circle stands for a sand

Figure 6. Vertical distribution of horizontal velocityin the center
line between seagrass for run 1.
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Figure 7. Turbulence intensity corresponding to fig.6.

0 0.1 0.2 0.3
0

10

20

30

turbulence intensity

H
ei

g
h

t
fr

o
m

b
o
tt

o
m

Before crest
After crest
Before trough
After trough
Zero down
Zero up

Figure 8. Horizontal distribution of veticalveclocityat the height
of model seagrass from bottom under cork model seagrass.
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particle. It is noticed that there is an analogy between the
captured image picture and the distribution of suspended
sediment. That means the procedure to extract sand particles
from the image picture is proper. The vertical distribution of
sand particle number per each frame (3.5mmx3.5mm) averaged
over a wave period is shown in figure 13. It would be decreasing
away from the bottom and its value varies from the
measurement position to the measurement position.

It is difficult to use seawater vegetation like in
an experimental flume. Therefore freshwater vegetation
( .) has been brought up in a tray with
25º� water for one year, being used. Because its shape and
movement style in the water are similar to Z As
effects on the movable sediment bed due to natural vegetation,
the followings are expected: control of velocity field and
solidity at the bottom. Therefore solid hardness tester was used
to measure hardness at the bottom surface with and without
vegetation, but there was no difference of hardness between
them. The tray with or without natural vegetation was placed on
the experimental flume and a wave (wave height 6.3cm, wave

depth 16cm and wave period 1.25sec) was generated for about a
half hour. Sand ripple was formed at the bottom and its scale is
wave height 1.1cm and wavelength 6cm without vegetation and
wave height 0.7cm and wavelength 4.5cm with one. It was
noticed through the experiment the scale of sand ripple with
vegetation is reduced and amount of transported sediment
toward offshore side has decreased.

The measurement of flow velocity and turbulence intensity
under model seagrass was conducted in a laboratory flume. An
optimum material as model seagrass is cork. The positive
vorticity and the negative one generated near the top of model
seagrasses might produce upward and downward flow. The
estimation of suspended sediment concentration from number
of sand particles could be possible. Natural vegetation may have
capability to protect the changes of the bottom, and it functions
to be obstacle for flows and the flow speed could be reduced
within the model seagrass.

The Grant in Aid for Ministry of Education, Culture, Sports,
Science and Technology supports a part of this study. The
authors wish to thank Professor Takehara for his comments.
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Figure 10. Illustration on flow ptters near the top of model
seagrass induced by vorticity.
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under model seagrass.
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Figure 12. Distribution of sand particles correspondingto
figure 11.
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