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ABSTRACT

Under the 10th Malaysia Plan, National Defense Ersiity of

Malaysia (NDUM) has developed a new naval architect
laboratory to suit the requirement as a niche awodtifue

university for new knowledge and competencies ifemkae

related disciplines. This paper describes the @dtspecification
and design of a wave test flume in a confined sp@be wave
maker was specified with the constraints of limitaedget and
space, therefore optimization of the generated wédee this

particular flume is paramount. The wave flume fipal
constructed to the specification is capable of poatg regular
and irregular waves controlled by computer prograamnsl is able
to provide data logging. Result shows that thalfohesign is a
result of objective oriented design simplicity, lwbducing very
accurate and effective results for a range of rebeand studies.
The wave flume design also provides a basis to rekphe

facility to allow towing tests, as and when spalt@ns.

KEY WORDS: Flume wave maker, Optimum design wave
tank, optimization of generated waves, Towing tank, 10th
Malaysia Plan (RMK-10).

NOMENCLATURE
RMK-10 10th Malaysia Plan

ITTC International Towing Tank Conference
NDUM  National Defense University of Malaysia
H Wave height

k Wave humber

h Water depth

t Time

l Elevation of hinged

o Wave maker frequency

1.0 BACKGROUND

In today’'s globalized environment, maintaining catifiveness
is a challenge. In this context, Malaysia has twuea that there is
constant competency building and the creation oéwn
knowledge’ so as to remain competitive. For Malaysi
institutions of higher learning, it is envisageattithey will be in
the forefront of this quest for excellence by beimgovative and
competitive whilst striving to be a regional powanke for
leadership and cutting edge technologies [1]. Beeaof that,
under thelOth Malaysia Plan, RMK-10, a new navehigecture
laboratory has been developed to suit the requimeroé the
university. This paper discusses the optimal desaymd
specification of a test flume for the purpose olvevéesting, with
the option to upgrade to perform towing tests mfilture.

Since the first commercial ship basin was commiesioin
1883, towing tanks have provided naval architedth @ reliable
method of predicting the performance of a ship amdcture at
sea. The performance of a vessel depends on thredythmic
interaction between the hull, its propulsion systemd its rudder,
which all combine to interact with the environméntanditions
[2]. The development and knowledge of towing tamid ats
associated studies are being monitored by IntemaitiTowing
Tank Conference (ITTC). This conference is respaasito
stimulate progress in solving the technical proldethat are
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important to towing tank for the prediction of hgdynamic
performance of ships and marine installations basethe results
of physical and numerical modeling [3, 4]. Evercgn many
technical papers have been published covering & wibpe of
studies including the methods of experiments, renendation of
procedures, validation methodologies and even igsli®-7].

2.0 CONSTRAINT

The biggest constraints in this specification wdrave been
budget, space and information. Budget constrairdamthat the
affordable technologies available for the desige &mited.

Limited space means the flume length and deptimiseld to the
size of the available laboratory space where thmél could be
located. In this case, the maximum room size waidd to 8.2m
x 10m and a height to ceiling of 2.2m. This is veriyical for the

flume design because the produced wave must beedatnough
for model testing, which could result in a reasdpahort test
area, which leads to the limitation on the scalehaf models.
Therefore, the design of the flume must optimizenaximize the
relevance and accuracy of results. Surprisinglgrehis very
limited paper published about designing a flume ev§8-10].

This limits the knowledge on the design and comsin criteria
thus requiring an extensive knowledge-sharing effdth tank

and flume designers across various industriesderaio develop
an optimal specification.

17

Figure 1: The overall dimension of Flume wave maker

3.0 THEORETICAL APPROACH

Hughes [11] outlined the theory to generate smaibldaude
sinusoidal waves with a desired period and waveghteas
follows:

H 4 sinh kh .
- [smh kh +
So sinh 2kh+2kh

(cosh kl—cosh kh)
k(h-1) @
Where H is the wave heighk,is the wave number, and h is
the water depth. However, for the wave board motithe
formula from Madsen quote from [11] was given dofes:

H . H? 3coshkh 2 .
X(t) = —sinot + n ( ‘,:053 — —) sin2at
2my 32h(1_m) sinh kh my

Where m=H/S, given in the equation (1), t is timejs the
elevation of hinged, andlis the wave maker frequency.

4.0 FINAL SPECIFICATION

The flume was required to have the capability toduet several
types of test programs including vessels, floastgctures and
wave energy convertors. The final specificationn@sminally

pitched in the range of 1:50 to 1: 100 scale oftNétlantic seas,
with internal working width of 2.5m, and nominal ¥kang depth

of 1.3m.

Figure 2: Schematic diagram

The specification of the flume wave consisted ofapalic
wave absorber, four tank modules, a wave maker taoths
shown in Figure 1 and Figure 2), various scale rreztels and a
dynamic measurement system. The purpose of theg@aravave
absorber is to diminish the wave at the end of eaate run,
providing a good quality set of waves in the basin.
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Table 1: The flume wave parameters

Parameter

Unit (m)

Maximum Working
Depth

Working Width
Internal length

Working Length
Maximum wave height

1.33 (depth of water effects size of
wave that can be created)

2.5m

8 m (from paddle face to end cap
face)

2-25m
0.2m

Table 3 shows the actual size for the WEC in real
development, and Table 4 reflects the scales teadeceptable to
conduct the scaled model matching the tank deptshdws that
the range of scales that are practical for mociting are between
1:70 and 1:90 scales. Meanwhile, a study on thehag width
is shown in Table 5.

Table 4: The scales that are suitable for a 9.6ng flume wave
maker (matching the tank depth)

Wave period 0.5 seconds to 2.5 seconds

5.0 OPTIMIZATION

The specified parameters of the wave flume are shinwable 1.
For the scaling effect, the Froude, the proportiafanertia and
gravitational forces are same at all scales. A maglvantage of
this design is that it does not require a pump é¢negate wave
cycles. This reduces the complexity of the deségm creates an
easy-handling and low maintenance system. On topmllpfit
ensures the generated waves are not affected byeaingulation
of water in the basin. For this design, the deepevdevice
behavior is not affected by the viscous effect. Theve scale
conditions that can be generated from this flune srown in
Table 2.
Table 2: Full scale wave conditions

Scal Point Attenuators(ie  Surge(ie Requirement
e absorbers = Pelamis) Aquamarine) for all types

ie

$Navebob

)

Tank Mode @ Tank Mode Tank | Tank = Mode

depth (m) | Isize dept | size dept dept | size

(m) h(m) (m) h(m) h(m) (m)

1 100.0 65.0 100.0 4.00 100.0 13.00 100.0
10 10.0 6.50 10.0 0.40 10.0 1.30 10.0
20 5.0 3.25 5.0 0.20 5.0 0.65 5.00
30 3.3 2.17 3.3 0.13 33 0.43 3.33
40 2.5 1.63 25 0.10 25 0.33 2.50
50 2.0 1.30 2.0 0.08 2.0 0.26 2.00
60 1.7 1.08 1.7 0.07 1.7 0.22 1.67
70 14 0.93 14 0.06 1.4 0.19 149
80 1.2 081 | 1.2 008 1.2 01t | 1.2¢ |
90 1.1 0.72 1.1 0.04 1.1 0.14 1.1]'
100 1.0 0.65 1.0 0.04 1.0 0.13 1.00
110 0.9 0.59 0.9 0.04 0.9 0.12 0.91

Scale Hs Tp Wavelength
1 14.¢ 17.C 451.2
10 1.45 5.38 45.1

2C 0.7¢ 3.8C 22.€
30 0.48 3.10 15.0
4C 0.3¢ 2.6¢ 11.2
5C 0.2¢ 2.4C 9.C
60 0.24 2.19 7.5
7C 0.21 2.02 6.4
80 0.18 1.90 5.6
9C 0.1€ 1.7¢ 5.C
10C 0.1t 1.7C 4.t
110 0.13 1.62 4.1

For the purpose of the Wave energy convertors (WIBC)
deep water, the seabed (tank floor) could givegaificant effect
of the WEC model depth. Therefore, a few evaluatiovere
conducted to define the minimum, maximum and optimgizes
that can run on this particular flume wave makene Tesults
were shown in Table 3 and Table 4.

Table 3: Full scale devices sizes

Point Attenuators | Surge(ie
absorbers(ie  (iePelamis) = Aquamarine)
Wavebob) (m) = (m)

Deptt 65 4

Width 22 4

Length 22 180 10

Table 5: The scales that are suitable for a 9.6ng flume wave
maker (matching the tank width)

Scal | Point Attenuators(ie | Surge(ie Requirement
e absor ber Pelamis) Aquamarine) for all types

s(ie

V\favebob

)

Tank Mode = Tank Mode = Tank Tank = Model

width Isize | width lsize | width = widt size

(m) (m) (m) (m) (m) h (m)

(m)
1 71.81 22.00 255.6 4.00 143.6 | 17.0 2256
1 3 0 1

10 7.18 2.20 2256, 0.40 1436 170 2256
20 3.59 1.10 1156, 0.20 7.18 0.85 11.28
30 2.39 0.73 7.52 0.13 4.79 0.57 7.52
40 1.8C 0.5t 5.64 0.1C 3.5¢ 0.4 | 5.64
50 1.44 0.44 451 0.08 2.87 0.34 451
60 1.20 0.37 3.76 0.07 2.39] 028 376
70 1.03 0.31 3.22 0.06 2.05 0.24  3.22
80 0.90 0.28 2.82 0.05 1.80 0.21 282
90 0.8(C 0.2¢ 2.51 0.04 1.6C 0.1¢ | 2.51
100 0.72 0.22 2.26 0.04 1.44 0.17 2.26
110 0.65 0.20 2.05 0.04 1.31 0.15 2.06

From Table 5, it shows that the scaled model liffgiisunder
the surge type model. It is envisaged that thetipalcscale that
can be conducted with a width constraint rangesvéen the
scale of 1:60 and 1:80. The matching length stsdyepresented
in Table 6. A parabolic passive beach is assumetiisstudy,
which is represented by the parabolic wave absorber
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Table 6: The scales that are suitable for a 9.6ng flume wave maker (matching tank length)

Scale | Beach Point absorbers (ie = Attenuators(ie Pelamis) = Surge(ie Aquamarine) Requirement
length Wavebaob) for all types
Tank Model Tank length  Modée Tank Model size | Length (m)
length size (m) (m) size (m) length (m) (m)
(m)
1 266.70 488.70 22.00 646.70 180.0 476.7 10.00 646.7
10 26.67 48.87 2.20 64.67 18.00 47.67 1.00 64.67
20 13.3¢ 24.4¢ 1.1C 32.3¢ 9.0C 23.8¢ 0.5C 32.3¢
30 8.89 16.29 0.73 21.56 6.00 15.89 0.33 21.56
40 6.67 12.22 0.5t 16.17 4.5C 11.9: 0.2f 16.17
50 5.33 9.77 0.44 12.17 3.60 9.53 0.20 12.93
60 4.45 8.15 0.37 10.78 3.00 7.95 0.17 10.78
70 3.81 6.98 0.31 9.24 2.57 6.81 0.14 9.24
80 3.33 6.11 0.28 8.08 2.25 5.96 0.13 8.08
90 2.96 5.43 0.24 7.19 2.00 5.30 0.1 7.19
100 2.67 4.89 0.22 6.47 1.80 4.77 0.10 6.47
110 2.42 4.44 0.20 5.88 1.64 4.33 0.09 5.88

Table 6 shows the limitation of length for the flarwave
maker which has a scale ranging between 1:60 a8d. The
length of the passive beach consumed 3.5 m of tbeath length
of the wave tank. This results in a good for teg8pace length of
around 2.5 m as shown in Figure 3.

wave maker

evanescent zone

10

testing area (2.5m)

2490 &

teaching area

" parabolic
4 wave absorber

LD

Figure 3: The good space of testing area

The combination of length, width and depth are show
Graph 1. From the graph, one may derive that fis thave

flume, the appropriate scale ranges from 1:65 t&4l:for the
space constraints for this project. The selectibthe size of the
model must correspond to this range.

Tanks Size (mtry)
5

-~ |

20X \\\

Scale

Graph 1: Size and scale range

6.0 CONCLUSION

This paper describes a process for the optimalifsg®on and

design of a wave flume given limited space and kbud@he

specification produced maximizes the scale ofigstihat can be
performed in the space. It produced a simple designoffers the
ability to test in waves with accurate results atsaful scale for
research and studies. Various regular and irreguéases can be
generated by a computer system controlling a hipgettile, dry-
back wave maker, with a passive parabolic wavetbaathe end
of the tank that is able to absorb the unwantedevemergy. Thus
a large batter of tests can be performed in a greibd of time,
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with short settle time between test runs.

This paper has described how the wave flume spatibin
has limitations. Given more space, larger scale aisoavould
allow the validation of numerical models, survivdpj and
viscous effects, at 1:50 to 1:20 scale. Even mpeee would be
required for the testing at 1:10 to 1:5 scale, oh-inear
hydrodynamic effects and engulfment. Instead theewume
design specification focused on future extensibéit 1:75 scale,
with the addition of towing test capabilities, magpropriate for
the nature of the university’s work. This would &ehieved in the
planned future development of NDUM naval architeetu
laboratory whereby the current flume length woutdelstended to
50m or longer by simply adding more tank modules ttsat a
towing carriage can be installed. This would allthe testing of
vessel hull drag, wake, propulsion tests, steeaimdjso forth.
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