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Abstract

Bremerton Marina in Washington has an adequate breakwater and has
hired Coastal and Harbor Engineering (CHE) to redesign the existing marina.
The Wave Research Laboratory (WRL) will test the performance of a scaled
model breakwater subjected to boat wakes at Bremerton Marina for CHE. The
breakwater performance criteria will be defined by the transmission coefficient,
which is the ratio of the transmitted wave divided by the incident wave.

A literature search conducted for Dr. Solomon Yim focusing on state-of-
the-art computational methods for fluid-structure interaction models has led to the
discovery of mixed Lagrangian-Eulerian method, which brings together the
complicated grids of fluid and structure interaction in different reference frames.

1.0 Literature Search

The literature search has been with the help Dr. Solomon Yim. This
search was separate from the Bremerton Marina breakwater experiment. The
search was looking for numerical models of fluid and structure interaction. A
state-of-the-art model using Navier-Stokes and Finite Element methods is the
target objective. Navier-Stokes equations are the basic differential equations
describing the flow of incompressible Newtonian fluids. Dr. Yim wants to
research this topic to complement his graduate students’ research work on
several similar/ complement models. The articles found have been from multiple
disciplines that include aeronautical, mechanical and civil engineering. Articles
found came from symposiums of conferences, references books, journals and
national organization publications.

The numerical model found, a Chimera numerical scheme, uses Reynolds
Average Navier-Stokes (RANS) and finite difference method. Chimera means a
mythical creature with the head of a lion, body of a goat and tail of a serpent.
This word has a common meaning of putting together things that do not interact
well. A rigid structure and the fluid, for example. RANS is more advanced then
the Navier-Stokes equations because factors of turbulence intensity and
turbulence dissipation are incorporated in the fluid motion. Many articles on this
particular numerical method were found, and after closer examination, Dr. Yim
determined this model has many of the characteristics he wants but is missing
key aspects. These aspects include surf zone turbulence structure interaction,
breaking and spilling waves on structures, and turbulent flow. This Chimera
model was not attained to explore its powerful claims and tests its limits.

In the near future Dr. Yim and his graduate students will have a numerical model
powerful enough to model fluid structure interaction in turbulent flow.

Originally the search was to be conducted during the first four weeks of
Research Experience for Undergraduates (REU). It has lasted longer and will
continue after REU ends. It has also been an enriching learning experience.

2.0 Introduction
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Bremerton Marina, located in the Puget Sound in Northern Washington, is
experiencing poor protection from their existing breakwater. Unreflected
incoming waves and the marina layout can be seen in Figure 1. The breakwater
reflects incoming boat waves from the harbor. If large waves are not partially
reflected, boats will rock and hit one another causing damage. Bremerton Marina
administrators have decided something must be done to better prevent boat
damage and reflect more incoming waves from the marina.

Figure 1: Bremerton Marina, Washington, USS Turner Joy

Coastal Harbor Engineering (CHE) has been hired to test and redesign
the marina. Three models will be made and manufactured to be studied in the 2D
wave tank at the O.H. Hinsdale Wave Research Laboratory (WRL), at Oregon
State University. This report is on the first of three models. This model is a scaled
version of the existing breakwater and was done to study the performance of the
breakwater in marina conditions. The performance was measured by the
transmission coefficient, which is the ratio of the transmitted wave divided by the
incoming wave. The coefficients will be analyzed and modifications will be done
to the geometry of the breakwater. A second model will be tested in the future
after REU has ended.

3.0 Experiment

3.1 Scaling

Dr. Charles Sollitt, of WRL, scaled the model using Froude. Viscous
effects are negligible at large scale ratios as this one, but caution must be taken
when analyzing the final data*. CHE specified a scale of 1:7 but the model was

! Munson, Y oung, Okiishi. Fundamentals of Fluid Mechanics. New Y ork: John Wiley & Sons, Inc. 1998
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designed with a scale of 1: 4.9. The original marina breakwater is made of
concrete. For economic reasons and time restraints the model was made with
steel plates. The mass distribution was kept the same which was crucial for
moments of inertia to stay scaled.

3.2 Setup

The set up of the experiment started on Monday, July 28th. A meeting was
held with CHE to discuss the week’s timeline and plan the type of wave tests to
be conducted. The experiment lasted five days, day one for breakwater
installation and the following four days for data acquisition. The remainder of day
one was spent setting up the breakwater model. (See Figure 2) Plastic paneling
was glued to the sides of the breakwater before placement to minimize damaging
of the tank walls and model. The 2D tank was filled overnight after installation
was completed. The breakwater remained suspended at a height of 10’4 with
the assistance of a crane until the water level rose to the correct height.

The mooring cables attached the breakwater to the floor of the 2D tank.
Four mooring cables were used, composed of 38 feet of 2 inch steel cable, 10
feet of chain, and 49 Ib lead circular weights (See Figure 2). The weights were
used to keep the cables in tension. The mooring cables were adjusted before
and after filling the tank. Adjustments of the cables were done by shortening the
steel and chain counterparts. The tensions in the mooring cables were adjusted
to the satisfaction of CHE.

Figure 2: Floating breakwater in drained 2D tank, mooring cable assembly below model
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3.3 Wave Gauges

Four cantilever wire wave gauges were placed along the East flume wall
and one sonic wave profiler was placed above the breakwater mounted on a
moveable sky bridge. The cantilever gauges were used because of the small
waves expected in the experiment. The first three wave gauges measured the
incident and reflected wave in front of the breakwater. The fourth wave gauge,
behind the breakwater, measured the transmitted wave only (See Figure 3). The
profiler was able to measure the wave envelope because it was manually moved
back and forth over the waves in front of the breakwater during testing. When
using the sonic profiler wave height is measured by sound waves reflected off
waves.

Wave gauge one is 25.5 meters from the wave maker. Wave gauge two
is one meter behind wave gauge one. Wave gauge three is thirty centimeters
behind wave gauge two. The breakwater is four meters to centerline behind wave
gauge three or 30.8 meters from the wave board. The spacing of the first three
wave gauges was in the range of 5 to 45 % of the wavelengths being tested. The
fourth wave gauge was placed 7.5 meters behind the breakwater. The wire wave
gauges were placed about 3 cm in the water. The sonic profiler was about .5
meters above the water surface.

Wave maker Transition Section Test Section

}

I

| 342 ft

Figure 3: Wave gauge layout and breakwater set up

3.4 Calibration

The calibration of the wave gauges was performed the morning of day two,
after the tank was filled. Wave gauges are constructed of two parallel wires with
constant voltage is run through them. The voltage drop caused by the water
contact is recorded. With calibration coefficient this voltage drop is converted
into water wave height.

A cliff hang platform was placed on the side wall along the tank to assist in
the calibration of the gauges. The voltages across the wires were measured as a
function of water depth. The voltage was recorded every 5 cm, until a depth of 30
cm with a voltage meter and a standard ruler. This was repeated for each of the
four cantilever wire wave gauges.

Voltage to water depth coefficients were established using linear regression. The
sonic wave profiler was used with a calibration coefficient of 40.64 cm/ volts.

(See Table 1 for coefficients and Figure 4 for linear regression. )
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Figure 4: Depth vs. voltage Linear Regression

Table 1: Water depth voltage coeffcients (cm/volts)

WG1 WG2 WG3 WG4 WG5
49.96 49.86 48.09 50.21 | 40.64

4.0 Wave Tests

Monochromatic wave runs were conducted days two and three. The wave
characteristics used for day three are summarized in Table 2. Column 1 is the
run number, column 2 is the wave period, column 3 is the incident wave height
and column 4 is the wave length calculated using linear wave theory. The water
depth used in the calculation was 10 feet. Wave characteristics were given by
CHE.

Days four and five were irregular waves. This data modeled actual time
series from the Bremerton Marina. It was collected in real time with two separate
wave collectors. The wave maker was not able to simply model or interrupt this
time series. MATLAB and Fourier series approximations were used to separate
the wave groups of different speeds and heights. The separated data was then
fed into the wave maker’'s computer system.
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Run T, sec Hpn, m Ly, M
(1) (2 () (4)
1 1.8 0.040 5.09
2 1.8 0.060 5.09
3 1.8 0.100 5.09
4 2.0 0.040 6.4
5 2.0 0.060 6.4
6 2.0 0.100 6.4
7 2.3 0.040 7.8
8 2.3 0.060 7.8
9 2.3 0.100 7.8
10 2.7 0.040 10.75
11 2.7 0.060 10.75
12 2.7 0.100 10.75

Table 2: Monochromatic wave char acteristics, day three

5.0 Data Acquisition

Day two data was collected on four channels at a rate of 50 hertz with
duration of 2 minutes. The data collected during day two was to ensure all wave
gauge components were in working order and collecting data correctly. Data
acquired from day two was not used for any type of analysis.

Wave data collected on day three included a fifth channel. This channel
was for a sonic profiler that was attached to a sky bridge over the breakwater.
Data from the sonic profiler was used to determine and calculate the incident and
reflected wave. Wave height data from wave gauge four was used to calculate
the transmission wave.

The data collection software would collect raw voltage data and store it to
a designated location on the computer network. A Ms DOs program converted
voltage drop into wave height with the depth voltage coefficients from Table 1

On days four and five irregular waves test were conducted with a sampling
rate at 50 hertz and duration increased to 4.75 minutes. The sonic profiler was
not used.

6.0 Data Analysis

6.1 Reflection Coefficient, K,

Wave reflection analysis is a unit less parameter that measures the
amount of wave energy reflected from a structure. It was calculated using the
data from the sonic profiler on day three of testing. At time zero the waves being
measured were the slight movement of the water, or wave noise. (Figure 5) It
was averaged and removed from the data before plotting.
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The wave height maximum, H nax, occurs at 50 sec and is when the
incident wave, H;, and reflected wave, H,, are adding in magnitude. The
minimum wave height, H nin, 0ccurs at about 70 sec and is when the incident and
reflected wave are subtracting in magnitude. With H nax and H yin known a
simple manipulation will result in the incident and reflected wave heights. The
reflection coefficient, K; is the ratio of the reflected wave with the incident wave.
(Equation 1-3)

Equation 1-4: Reflection and Transmission Coefficents equations
Eql:(H max + H min) , 2 = Hi
Eq2:(H max - H min) , 2= Hr
Eq 3: Hr /Hi = Kr
Eq 4: Ht /Hi = Kt

Wave Height (cm) — Sonic Wave profiler,
WG5
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Figure 5: Sonic profile wave height vs. time
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6.2 Transmission Coefficients, K;

The transmission coefficient, K;, is the unit less parameter that measures
the transmission of wave energy that a structure allows. It is the ratio of the
transmitted wave height, H; divided by the incident wave height, H;. Figure 6
shows the wave height as a function of a time from wave gauge 4. The incident
wave height, H;, is the same used to calculate the reflection coefficient, K;. The
transmitted wave height, H;, is visually seen on the graph at about 55 sec. The
equation for the transmission coefficient, K;, can be seen in Equation 4 above.
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Figure 6: Gauge 4 water height, run 2, day three

7.0 Discussion

The sonic profiler gives wave height in a location and time, creating a
wave envelope. ( ) The wave envelope consists of incident and reflected
waves adding in phase and subtracting when out of phase. During data collection
sometimes the profiler would skip a data point and a very low spike could be
observed in the data plot. Aware of this situation, spikes were smoothed over by
averaging the data point before and after. This was fortunately not done often
enough to cause concern in data accuracy.
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The ability to add amplitude of waves that are in deep water and have
short wave lengths is the theory behind the reflection and transmission coefficient
calculation. When estimating wave height maximums and minimums, the location
in time is important. Data of reflection coefficients at fast speeds will reflect back
faster and have a great effect on wave height. Because of these reflected waves
we can only take the first large wave difference of the data and only able to use
the first few seconds, this prevents from using data that two reflections or more
have occurred.

In energy conservation theory, the addition of the transmission and
reflected coefficients should equal one. In this experiment each coefficient has
been calculated separately. The addition of the two humbers can be seen in
column 7, of Table 3. They do not equal one, this is attributed to inaccurate
readings and human error while calculating the reflection coefficient. For this
particular experiment the transmission coefficient, K, was the variable of interest,
and hence the most care was taken into calculation.

The sonic profiler is not used in practice to separate reflection and incident
waves. More advanced, accurate mathematical models can separate this profile
and give better results.

If more time was available a comparison of reflection coefficients between
both methods would be done. A relationship between geometry and transmission
coefficients would also be explored.

8.0 Summary

A summary of the wave characteristics for the monochromatic wave test
conducted on day three of testing can be seen in Table 3. The reflection and
transmission coefficients along with their summation can also be seen in column
5, 6 and 7 respectfully.

As the wave length increased the amount of wave energy that was able to
pass also increased. This was expected by WRL employees and CHE. This
model was a scaled version of what is currently in use at the Bremerton Marina.
With this and the reminder of the data a new prototype breakwater will be
designed and manufactured. Testing on this new designed breakwater will be
after the completion of this report.
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Run T, sec Hm, M Lp, M Reflection, K, Transmission, K; Total
(1) (2 3) 4) (5) (6) )
1 1.8 0.040 5.09 0.49 0.77 1.3
2 1.8 0.060 5.09 0.56 0.72 1.3
3 1.8 0.100 5.09 0.44 0.72 1.2
4 2.0 0.040 6.4 0.28 0.78 1.1
5 2.0 0.060 6.4 0.27 0.81 1.1
6 2.0 0.100 6.4 0.25 0.85 1.1
7 2.3 0.040 7.8 0.14 0.93 1.1
8 2.3 0.060 7.8 0.07 1.01 1.1
9 2.3 0.100 7.8 0.10 0.96 1.1
10 2.7 0.040 10.75 0.13 1.09 1.2
11 2.7 0.060 10.75 0.10 1.07 1.2
12 2.7 0.100 10.75 0.04 1.11 1.1

Table 3: Summary of results, M onochr omatic waves,
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