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Abstract

One of the only two testing facilities in the Philippines that could supplement
coastal engineering research is a 9-m long by 60-cm wide by 45-cm deep wave
flume that uses a top-hinged, paddle-type wave generator powered by a rotating
motor. It will be retrofitted by replacing the wave generator and extending it to
allow longer waves to propagate. In this paper, we designed the new wave
generator utilizing planar wavemaker and linear wave theories. We determined
the maximum properties of the waves that can be generated given the physical
limitations of the flume. The final design of the wave flume includes its extension
to 22-meter length and a bottom-hinged, flap-type wave generator powered by
a pneumatic cylinder attached to the top of a 0.5-meter length paddle. A
maximum stroke of 0.5 meter at 25-cm deep still water level was set.
Theoretically, it can generate model waves with heights up to 12.8 cm and period
of 2.1 seconds. This new wave flume could jumpstart physical modelling studies
in the country and be used by other local universities as basis in constructing
their own wave flume for instruction and research.

Keywords: wave generator design, wave flume, physical model testing, planar
wavemaker theory, linear wave theory
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1.0 INTRODUCTION

The Philippines is an archipelagic country in Southeast Asia, with
coastlines that are irregular with numerous bays, gulfs, and
islets. With a coastline length of 36,289 km, about 60 percent of
Philippine municipalities and cities are coastal, with 10 of the
largest cities located along the coast. These coastal cities and
municipalities are inhabited by about 60 percent of the total
population [1]. The Philippines’ location in the Western North
Pacific makes it highly exposed to tropical cyclone systems.
About eight tropical cyclones make landfall in the country every
year making storm surges and intense waves a common natural
coastal hazard [2]. The high exposure of coastal communities of
the country, together with the presence of severe coastal
hazards such as storm surges and coastal erosion render high

risks that must be mitigated necessitating extensive coastal
engineering research in the country. In the past decades, coastal
engineering research in the Philippines has been focused on
numerical simulations and empirical methods in characterizing
the processes within the coastal environment. Numerical
models, such as Delft3D and ADCIRC, have been applied in
numerous local research to study tides [3], waves [4], sediment
dynamics [4,5], and storm surge [6]. Similarly, empirical analysis
based on field data have been utilized in describing tidal
hydrodynamics [7], coastal morphology [8,9], and storm surge
[10].

Experimental techniques employed in coastal engineering
are aimed primarily at replicating real-world conditions within a
highly controlled environment. This allows for the investigation
of different complex processes such as wave breaking and wave
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overtopping, among others. Unlike numerical models, which are
constrained by the oversimplifications defining mathematical
equations, physical models can accurately replicate specific
testing conditions while preserving uniform properties (except
geometric dimensions) providing more flexibility in analysis [11].
In the early 1990s, 54% of research papers on coastal
engineering utilized data from laboratory testing. This number
has been dropping continuously as technological advancements
in numerical modeling provides more cost-effective techniques
of analysis [12]. Despite this, physical modeling remains relevant
as it provides critical validation for numerical models and offers
visual insights that cannot be captured through numerical
simulations alone. This includes assessment of effectiveness of
coastal structures such as breakwaters, revetments, and
seawalls, as each of them possesses unique characteristics,
necessitating validation of the proposed designs through
physical testing [13].

In the Southeast Asian region, advancement in physical
model testing has proliferated in the past decades. For instance,
the Centre for River and Coastal Engineering in Malaysia houses
a 20-m long x 5.3-m wide x 1-m deep wave basin and 18-m long
x 0.7-m wide x 0.9-m deep wave flume that have been used
extensively in various coastal engineering research [14]. In
Vietnam, the Southern Institute of Water Resources Research
River and Marine Hydrodynamic Laboratory houses a 35-m long
x 1.2-m wide x 1.5-m deep wave flume and a 35-m long x 18-m
wide x 1.1 m deep wave basin that were used in studies related
to breakwater design [15]. In Indonesia, the Tsunami and
Disaster Mitigation Research Center has a 60-m long x 2.5-m
wide x 1.7-m deep wave flume used in studying waves and
hydrodynamics under tsunami conditions [16]. In Thailand, the
Asian Institute of Technology houses two wave flumes, one 40-
m long x 0.45-m wide x 0.7-m deep and another 20-m long x 0.6-
m wide x 0.6-m deep, and a wave basin that is 8-m wide and 10-
m long [17]. Other coastal engineering testing laboratories are
found in Universiti Teknologi PETRONAS in Malaysia, Thuyloi
University in Vietnam, University of Hasanuddin in Indonesia,
and Prince of Songkla University in Thailand. In the Philippines,
the Coastal Engineering Research and Development Center was
launched in Mariano Marcos State University last November 23,
2021. The center will spearhead the development of
technologies and innovations to mitigate and manage coastal
disasters and risks in the Philippines [18]. Included in the projects
of the center is a wave testing facility that was inaugurated last
February 3, 2025.

Despite the need for intensive coastal engineering
research, the Philippines lags behind our Southeast Asian
neighbors. As preliminary research in physical modelling of
coastal systems in the country, the main objective of this study
is to design the wave flume that will be retrofitted in the new
Institute of Civil Engineering Coastal Laboratory. The retrofitted
flume will be used to study wave overtopping and reflection on
coastal structures. Technical aspects of the wave generator
design are discussed thoroughly in this manuscript. This will
guide interested local universities in selecting the appropriate
wave flume that will fit their research and instruction agenda on
the field of coastal engineering. Finally, this facility will jumpstart
future physical modelling activities that will supplement and
advance coastal engineering research in the country.

2.0 METHODOLOGY

2.1 Existing Wave Flume

The existing wave flume facility is housed in the National
Hydraulic Research Center (NHRC) of the College of Engineering
in University of the Philippines Diliman. It is a 9-m long,
recirculating-type towing tank and tilting flume used to
demonstrate open channel processes and wave phenomenon.
The cross-section of the flume measures 45 cm high and 60 cm
wide. The clear side panel is made of glass supported by a steel
frame. Figure 1 shows images of the profile of the wave flume at
the inlet and outlet. Due to limitations of the wavemaker to be
installed, it is anticipated that the existing length of the flume
will not facilitate an experimental time window that is
convenient for the wave flume users. Hence it is proposed to
extend the length of the flume. It does not include instruments
and devices to measure pertinent data such as wave height and
period. Previously, experiments conducted using the existing
flume used improvised methods to measure wave properties.
The propagation of the waves in the flume would be video
recorded, and the period would be determined by measuring the
time it takes for succeeding wave crest to cross a specific marked
section of the flume, while the wave height is measured using
rulers attached to the sides of the clear panel. In the proposed
retrofit, relevant instruments such as wave probes connected to
a data logging system are intended to be installed in the flume.

o l!'!t -
T g I

Figure 1 The existing wave flume: (a) inlet and wavemaker side and (b)
outlet to sump pit below deck

The existing wave flume was equipped with a motor-driven
wave-generator that has a paddle that is pivoted above the crest
of the flume. However, this setup produced a velocity
distribution in the water column that is maximum nearer the bed
and minimum at the free surface, which is not the ideal
representation for modeling surface gravity waves that has
minimum velocity near the bed and maximum velocity near the
free surface. Therefore, the proposed solution was a paddle-
type wavemaker mounted on a hinge at the flume bed. Figure 2
shows the existing wave generator setup consisting of the
motor, connecting rod and paddle.
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Figure 2 The existing wave generator setup consisting of the motor,
connecting rod and paddle

2.2 Linear Wave and Planar Wavemaker Theories

Water waves propagating naturally towards the coast are
incompressible and irrotational making its motion governed by
the Laplace equation shown in Equation 1. Assuming that the
wave is monochromatic, and the wave amplitude is small
compared to the water depth and wavelength, the higher- order
free surface boundary conditions can be linearized by applying
them to the still water line instead of the water surface [19].
Applying a fixed bottom boundary condition and a periodic
lateral boundary condition, the method of separation of
variables will yield the solution to the Laplace equation and the
dispersion relation shown in Equations 2 and 3, respectively. The
dispersion relation describes the separation of waves due to
different celerity of each frequency component.

a*¢ 0%*¢
bl Tl 1
dox? + 0z? 0 @
H g coshk(h + 2)

¢z, 0) 20 coshkh sinkx — at) @
0? = gktanhkh 3)

where x is the direction along the propagation of the wave, z is
directed upwards, ¢(x,zt) is the velocity potential at a
point(x,z) at the instant, t, His the wave height, g is the
acceleration due to gravity, k is the wave number, h is the fluid
depth, and o is the angular frequency.

On the other hand, water waves propagating on a wave
tank behave differently than on sea because of the different
mode of generation and non-periodic lateral boundaries caused
by a moving wavemaker. The boundary value problem from
linear wave theory remains valid except for the lateral boundary
condition which is now based on the horizontal displacement of
the paddle producing the waves. Equations 4 and 5 show the
wave height to stroke ratio generated by a flap-type paddle and
piston-type paddle, respectively [20]. Both are represented
graphically in Figure 3.
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where S is the stroke of the paddle at still water level.
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Figure 3 Wave height to stroke ratios versus relative depths for piston
and flap type wavemakers [20]

It is important to note that both theories are most accurate
for small-amplitude waves in intermediate to deep water. Their
accuracy decreases in shallow water or for large-amplitude
waves due to non-linear effects. Nevertheless, they provide
simple, analytical solutions which are useful for wave generation
in laboratory settings [20].

2.3 Wavemaker Selection

Wave generation in the flume can be achieved through
mechanical means by a wavemaker installed at the starting point
of the flume. Most wavemakers utilize oscillating members to
initiate waves, creating a deformation of a vertical plane in water
that corresponds to the wave’s respective envelope of particle
motion. The wavemaker must achieve this required deformation
as close as possible in order to create stable iterations of the
desired waves [21].

2.3.1 Wavemaker Types

There are a variety of options for the wavemaker. The most
commonly used general category is the movable-wall type,
which includes wavemakers with members that are immersed in
water and oscillate back and forth. Another common general
category is the plunger type, which relies on a wedge or
parabolic plunger mechanism that is periodically thrust and
withdrawn from the water, forming waves by water
displacement. Opposed to the horizontal motion of the
movable-wall type, the mechanical movement utilized by the
plunger is vertical.

For the purpose of the of the ICE wave flume, the movable-
wall type was considered, similar to the existing wavemaker. The
existing wavemaker utilizes a rigid flap with single articulation at
a hinge above the free surface, with adequate motion to
produce shallow-water waves. However, articulation above the
free surface produces a decrease in size of water particle orbits
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with depth and water leakage under the paddle results in low
wave heights and may result in wave instabilities. Under the
movable-wall type, the options were then shortlisted between a
flap-type or a piston-type wavemaker. The flap type is composed
of a rigid flap with single articulation at a hinge located at the
channel bed. This type produces water motion that is suited for
the generation of intermediate and deep-water waves. On the
other hand, the piston type is composed of a rigid vertical wall
that is moved back and forth in the longitudinal direction, suited
for generating shallow-water waves. With the retrofitted flume
being planned to be primarily used for physical modelling of
deep water and intermediate waves, the flap type was deemed
more appropriate and shall be used.

2.3.2 Wavemaker mechanisms

The motion of the hinged flap can be achieved through various
mechanical configurations, fundamentally one where forward
and backward motion is provided at the flap-end opposite from
the hinge. Based on information initially provided by available
suppliers and desk research findings, this motion can be
actuated by a cam wheel connected to a variable geared motor
or a pneumatic cylinder.

One of the most commonly used mechanisms for wave
generators is the use of a motor that can actuate the motion of
the paddle. Typically, an electric servo motor drive is used to
power the movement, while the proper geometry and paddle
motion range is achieved through a specialized design of a
connected series of cam wheels, arms, and gears. Since the
motion source is rotary, translation to linear motion is necessary.
On the other hand, the pneumatic cylinder is a mechanical
device that uses compressed air energy to power a recurrent
linear motion and is primarily composed of a cylinder and piston.
In wavemakers, the pneumatic cylinder is typically linked to a
connecting rod and a slotted hinge attachment to the paddle,
allowing for the motion of the paddle. Foregoing the use of wave
generating software to control the flume wavemaker due to
budget constraints, the pneumatic cylinder was selected over
the cam wheel connected to a variable geared motor due to
space limitations and ease of use.

2.3.3 Design Considerations

The main consideration in designing a wave flume is its capacity
to generate waves that will suit the research agenda of the user.
In our case, we want the wavemaker to be able to generate
model waves similar to storm waves that have typical height of
4 to 6 meters and period of 10 to 15 seconds based on initial
hindcasts in the site that we want to study. As the main restoring
force in the propagation of water waves is gravity, Froude
similitude has been used to determine the equivalent model
wave parameters. Viscous effects were neglected by ensuring
that the wave Reynolds number, given by Equations 6a to 6c, is
greater than 10,000, the boundary between laminar and
turbulent, oscillatory flow in the bed [22]. Similarly, surface
tension has negligible effects by keeping the dimensionless
parameter, X, given by Equation 7, less than 1 [23]. The
parameter, X, indicates the contribution of surface tension as
restoring force in the calculation of the phase speed of waves.

Re, = 250 (62)
v
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U = 2 sinh kh (6b)
H
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where Rey, is the wave Reynolds number, u; is the maximum
near-bed horizontal velocity, {; is the maximum horizontal
excursion of the water particle near the bed, and, I' is the surface
tension of water.

The geometric ratio, L,, between the model and prototype
was fixed to 1:40 due to space limitations brought about by the
cross-section of the original wave flume. The depth was kept at
25 cm to provide sufficient freeboard such that water will not
spill as design model waves propagate. The design freeboard
used was at least 2 cm plus the model wave height,
corresponding to a maximum shoaling coefficient of 2.
Furthermore, the length of the paddle was fixed at 50 cm since
this is the vertical distance of the wave generator from the flume
bed where the paddle hinge is attached. Finally, the stroke of the
paddle at still water level was limited to 50 cm or 25 cm on both
sides from the hinge. This corresponds to a -45° to +45°
rotational motion of the paddle from the vertical as shown in
Figure 4. Moving beyond this value will require a longer paddle
to prevent it to be fully submerged. Subsequently, the length of
the cylinder must also increase which will compromise its
stability by having a longer unsupported length during wave
generation.

(b)
Pneumatic cylinder
Flap-type
paddle
25
cm
Hinge

Figure 4 Vertical (a) and extended (b) positions of the wave paddle.
Figure not drawn to scale.

3.0 RESULTS AND DISCUSSION

3.1 Design Parameters

The prototype depth, wave height and wave period are related
to their corresponding model parameters through Froude
similarity, that is, the Froude number in the model must be equal
to the prototype. This is required in order to achieve dynamic
similarity between inertial and gravitational forces which
dominate the physical processes in wave propagation. Froude
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similarity yields the following relationships between the model
and prototype parameters.

h
han = 7- (82)
Hp =2 (8b)

-

T,
T =2

m \/L_-r (SC)
where h,, is the model depth, H,, is the model wave height, T},
is the model wave period, h,, is the prototype depth, H,, is the
prototype wave height, T, is the prototype wave period, and L,
is the geometric ratio. Note that in the succeeding calculations
the subscript, m, indicating model parameters will be dropped.

The model wave height to be generated in the wave flume

is directly affected by the stroke of the paddle while the model
wave period is equal to the time it will take for the paddle to
complete one cycle (i.e., forward-backward motion). The stroke
at the still water level, S, was calculated using Equation 4, where
the wave number, k, was determined from the dispersion
relation in Equation 3 and the angular frequency, g, was directly
obtained from the wave period shown in Equation 9a. The
wavelength, L, of the generated wave is related to the wave
number, k, by Equation 9b.

21
- 9
0= (92)
21
=— 9b
k=7 (9)

Other parameters considered in the design are the freeboard,
f, given by Equation 10, and the required length of the paddle,
Lpadaie, that was calculated using Equation 11. An illustration of
these two parameters is shown in Figure 5. In addition, the
relative depth, h/L, was calculated to classify the generated
wave as either, deep (h/L < 0.5), shallow (h/L < 0.05), or
intermediate (0.05 < h/L < 0.5). The time, top, it will take for
the first generated wave to return to the generator was also
calculated to determine the duration at which we can perform
real-time measurements before the generated waves will be
contaminated by the reflected waves. Assuming perfect
reflection, top, €CaN be solved using Equation 12 and must have a
value of at least 20 seconds, which we deemed as sufficient time
to start, observe, and measure the generated waves during the
experiments. Finally, the power needed to generate a single
wave in the flume was determined and is shown in Equation 13.
This parameter serves as a guide to the supplier to identify the
force and pressure requirement that will drive the pneumatic
cylinder during operation.

f=H—H-h (10)

Lypaaar =% (11)
perte cos [tan‘1 (%)]

2Ly
ton =777 (12)
_ (pgH? (1 kh )(Lf) (13)
P‘( 8 > 2 sinn2in) \7) W

where f is the freeboard, H; is the height of the flume, Lygqaie
is the required length of the paddle, t,,, is the operation time, L
is the clear length of the flume, P is the power required to
generate one wave, and Wy is the width of the flume.

All the parameters discussed are summarized in Tables 1, 2,
and 3.

\

Flap-type
paddle

45

2% cm
cm

Figure 5 lllustration of the freeboard and length of the paddle. Figure not
drawn to scale.

Table 1 General parameters considered in the design

Parameter Notation Dimension Type Remark
Flume Constant at 45 cm
H )
height s L Fixed (measured)
Flume Constant at 60 cm
W, L Fixed
width s xe (measured)
19 m excluding
the space
Flume . occupied by the
L
length U L Fixed physical model
and wave
generator

Assumed constant

Density of at 997 kg/m3, the

3 .

water P ML Fixed average value at
25°C

Surface Assumed constant

tension of r ML2T2 Fixeq 210072 N/m, the

water average value at
25°C

Kinematic Assumed constant

viscosity of v 2T Fixed at20.0000008927

water m?/s, the average
value at 25°C

Ge.ometrlc L i fred  1:40

ratio

Table 2 Prototype parameters considered in the design

Parameter Notation Dimension Type Remark
\é‘f;te; h, L Fied 10m

v SR S s
L e e
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Table 3 Model parameters considered in the design

Parameter Notation Dimension Type Remark
Depth hy, L Fixed 25cm
Wave period T T Free
Wave height Hp, L Free
Angular o T Free
frequency
Wave number k Lt Free
Wavelength L L Free
>0.05
(shallow

Relative depth h/L - Check  water
boundary
)

Wave height to

stroke ratio H/s ) Free

Stroke at still s L Free <50 cm

water level

Freeboard f L Free >2cm

5??:;?2;3??" Lpadate L Check  <50cm

Sigma parameter p) - Check <<1

Maximum bed

horizontal u, LTt Free

velocity

Maximum

horizontal {p L Free

excursion at bed

Wave Reynolds Re, - Check  >10,000

number

Time for first

wave to be

reflected and

propagate back top T Check

to the wave

generator

Power needed to

generate design P ML2T3 Check

waves

3.2 Calculation Scenarios

The ideal scenario is for the wave generator to produce similar
prototype waves with maximum height of 6 m and period of 15
s. However, the design should abide with all the considerations
discussed in Section 2.3.3 In doing so, each parameter was
classified as either: fixed, free, or check. Fixed parameters are
those that cannot and were not varied in all the experiments
such as the depth of the flume, the geometric ratio of 1:40,
among others. On the other hand, free parameters are those
that have different values on every set of calculations. Free
parameters can be fixed depending on the parameter being
optimized in the design. Finally, check parameters are calculated
to ensure that operational considerations are achieved.

There are 12 free parameters, as listed in Tables 2 and 3, that
are dependent on each other through Equations 3, 4, 6b, 6¢c, 8b,
8¢, 93, 9b, and 10. In order to acquire a unique solution on each
set of calculations, 2 of these 12 free parameters were assigned
its maximum value in the design process. All set of calculations
made were summarized in Table 4. In the initial calculations,
denoted as Co, the prototype wave height of 6 m and prototype
wave period of 15 s were set as fixed parameters. This is to
determine the required stroke necessary to generate similar
porotype waves with aforementioned maximum properties.

Results suggest that the limited stroke at still water level of 50
cm is not sufficient to generate the desired maximum waves. In
addition, this case will require a longer paddle and angle of
rotation from the vertical of more than 45°. This means that the
ideal situation cannot be achieved with the given operational
restrictions of the wave flume. As such, a new set of design
calculations was performed to determine the maximum
properties of the waves that the generator can produce given
the restrictions. In this calculation, denoted by C;, the stroke at
still water level was maximized at 50 cm and the allowable
freeboard was minimized at 2 cm. Similar prototype waves of 7.2
m height and 9.80 s period were calculated indicating
unacceptable values for both parameters, with height exceeding
the 6 m hindcasted maximum value and period below the
hindcasted minimum of 13 s. Two more sets of calculations,
denoted by C; and C3;, were done where the stroke of the
cylinder was fixed at 50 cm. In C,, the other fixed parameter is
the prototype wave height at 6 m while in Cs, the prototype
wave period was fixed at a value of 15 s. The purpose of these
two sets of calculations is to determine the prototype parameter
corresponding to the maximum, similar, prototype wave height
(C2) and wave period (C3) that can be generated in the wave
flume. The two sets of calculations yielded acceptable values
within the hindcasted range of prototype wave parameters. This
indicates that although prototype waves with simultaneous
maximum properties cannot be generated in the wave flume, it
can produce 6-m high similar prototype waves with period of
11.4 s or 15-s period similar prototype waves with height of 4.4
m.

Further analysis of Equations 3, 4, and 9a shows an inverse
relationship between the model wave height, H, and period, T,
that can be generated by the paddle. As seen in Figure 1, the
value of H/S increases as the value of kh increases. If h and S
are constants, it follows that k and H will have a direct
relationship despite having the variable, k, in the denominator.
Similarly, the dispersion relation in Equation 3, implies that ¢
also increases with k at a constant value of h. Through the
principle of transitivity, if H increases as k increases, and k
increases as o increases, it follows that H increases as o
increases. Furthermore, we know from Equation 9a that T is
inversely proportional to a. Hence, we can conclude that as H
increases, T decreases, and vice versa, indicating the inverse
relationship between the height and period of the waves that
can be generated by the paddle. In C;, the model wave height
was maximized by minimizing the freeboard to 2 cm, limiting the
model wave period to a minimum. This relationship was also
illustrated in cases C; and Cs. Based on this observation, another
set of calculations, denoted by Cs;, was performed where we
determined the simultaneous, similar, prototype wave
conditions. This calculation is similar to Co but instead of using
maximum values of 6 m for prototype wave height and 15 s for
prototype wave period, we determine, through an iterative
process, the combination that will yield the simultaneous
maximum for the 2 parameters. This calculation yielded a value
of 13.1 m and 5.1 s for the similar prototype wave height and
period, respectively.
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Table 4 Summary of all parameter values for each calculation scenario

Para- | it Co G G G C
meter
Hy cm 45
Wy cm 60
Ls m 19
p | ke/m 997
r N/m 0.072
v m?/s 0.0000008927
L, - 1:40
hy m 10
T, s 15% | 9.80%* ll*'f?’ 15* 13.1%
Hp m 6* 7.2%* 6* 4.42%* 5.1*
hm m 0.25
T S 2.372 1.549 1.807 2.372 2.071
H,, m 0.15 0.18 0.15 0.111 0.128
a rad/s 2.649 4.057 3.477 2.649 3.033
k W/ar;’e 1744 | 2786 | 2341 | 1744 | 2.016
L m 3.603 2.255 2.684 3.603 3.117
h/L - 0.069 0.111 0.093 0.069 0.080
H/S - 0.221 0.360 0.300 0.221 0.257
s | m | %7 [ os | ose | os | 0%
f m 0.05 0.02%* 0.05 0.089 0.073
0.548 0.481 0.460 0.432 0.442
Lpaddle m * %k * % *% * % * %
5 ) 0.0000 0.0000 0.0000 0.0000 0.0000
223%* 572%* 404** 224%** 299%*
Uy m/s 0.442 0.484 0.421 0.326 0.368
{5 m 0.167 0.119 0.121 0.123 0.121
82477 64702 57130 44835 49985
Reb - *k *k *k Kk *k
top S 27.5 26.1 25.6 25.0 253
P W 23.6 30.1 221 12.8 16.6

*optimized parameter (fixed)
**check parameter (red font indicates non-compliance with design specifications)

3.3 Final Design of Wave Generator

The final design of the wave generator is a flap-type, 50-cm long,
paddle that is hinged at the bottom and connected on the top
end to a pneumatic cylinder. It can rotate about the hinge up to
+45° from the vertical with a maximum stroke of 50 cm at still
water level. The paddle is wet on both sides, so it is placed 1.5 m
from the flume entrance to provide sufficient space for a passive
wave absorber on the opposite direction of wave propagation.
Another wave absorber will be placed at the end of the flume.
The purpose of these wave absorbers is to reduce wave
reflection to a negligible value so it will not affect the properties
of propagating waves through wave reflection. Each wave
absorber will have a slope of 1V:2H (~27°) made of gravel with
wire screen frame on the sloping surface. The low slope angle
and the use of hard fill material are sufficient to reduce the
reflection coefficient of the absorber to at most 10% [24]. The
design depth in the flume is 25 cm and the recommended
geometric scale is 1:40. At a maximum stroke of 50 cm at still
water level, it can generate similar, prototype waves with height
of 5.1 m and period of 13.1 s. Higher than the design wave height

or period can be generated at the expense of the other
parameter as shown in the results of calculations C; and Cs.

Smaller and shorter period waves can be generated by
controlling 2 parameters: stroke of the cylinder and the pressure
inside the pneumatic cylinder. The stroke of the cylinder is the
distance that the cylinder will travel. We can control the starting
point and end point of this stroke using sensors which is related
to the stroke at water level of the paddle via geometry. The
pressure inside is the force that drives the forward-backward
motion of the cylinder. Adjusting the pressure varies the time it
takes for the cylinder to cover 1 cycle which is equal to the period
of the wave it will generate.

3.4 Wave Flume Extension

The existing wave flume is 9-meter long and is proposed to be
extended to facilitate a longer time window that is convenient
for the end-users. Since the proposed new wavemaker to be
installed is not absorbing type, it is expected that reflected
waves from the model section of the flume will disturb the
incoming waves from the wavemaker section yielding incorrect
measured wave properties. The proposed solution is stopping
wave generation once reflected waves reach the wavemaker
section. As such, the wave flume must be long enough so that
there is sufficient time window of recorded wave data to
determine pertinent wave properties such as height and period.

The wave flume is to be extended from 9 meters to 22 meters,
which is the maximum allowable length due to to space
constraints of the laboratory. At extreme model wave
conditions, it is estimated that we will have about 25 seconds to
conduct measurements, from generation of initial wave until the
time it is required to stop due to reflected waves.

4.0 CONCLUSION

This study highlights the concept design of the wave flume to be
retrofitted in the Institute of Civil Engineering Coastal
Engineering Laboratory. A flap-type paddle that is hinged at the
flume bed was selected as the wavemaker that theoretically, can
produce waves up to 12.8 centimeters high and period of 2.1
seconds, equivalent to prototype waves with height of 5.1
meters and period of 13.1 seconds at a fixed geometric ratio of
1:40. The flume will be extended to 22 meters in order to provide
sufficient time window for measurements before the reflected
design waves pollute the waves generated by the wavemaker. A
schematic of the setup of the instruments in the wave flume is
shown in Figure 6.

While procuring a brand-new wave flume is the ideal
scenario, retrofitting an existing flume is more advantageous as
it is cost effective and can be implemented sooner in relation to
our project. In addition, this research will pave the way to the
use of physical models in coastal engineering research in our
country. Finally, our research can be used by other universities
in designing their own low-cost wave flumes that can be used for
instructional purposes.
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Figure 6 Schematic of the instruments to be used in wave flume
experiments.
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