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Abstract

Pentamaran, a vessel with five hulls, can be an alternative for high-speed vessels due to its advantages, for instance, its excellent
stability and seakeeping performance and broader deck space than an equivalent monohull with the same displacement. The
destructive interference between the system of waves produced by the vessel’s hulls might benefit the reduction of power
consumption. This study investigated a Wigley hull form pentamaran model with five asymmetric and symmetric hull config-
urations and three variations of hull separation. The ship model was towed in conditions of fixed towing and calm water with
Froude numbers (Fr) ranging from 0.55 to 1.00. A resistance analysis had been carried out to ensure proper comparison between
the asymmetric and symmetric hull configurations. Results showed that total resistance coefficient of the asymmetries created
different properties from the symmetries, that is, symmetries produced steadier trends than asymmetries. The hull separation
variation caused a slight alteration in the total resistant coefficient (in magnitude) under the same configuration. Although not a
single configuration outperformed the others in the entire range of £, three configurations were noteworthy as optimum models
based on their Fr range. Moreover, a configuration of asymmetric hull with S/L = 0.22 could generate a constant destructive
interference throughout the investigated Fr range.
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1 Introduction serve many purposes and are commonly operated in the high-

speed range (Hajiabadi et al., 2018).

Multihull is an alternative hull design for high-speed vessels
and provides certain advantages compared with a convention-
al monohull vessel, for instance, having a larger deck area and
providing better static and dynamic stabilities. Multihulls can
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Multihulls can be configured in various configurations,
with each configuration having distinctive resistance proper-
ties. According to the resistance aspect, one factor is needed to
achieve an optimum body of multihull configuration: the
wave interactions between individual hulls. Wave interaction
is associated directly with wave-making resistance and total
resistance. Insel and Molland (1992), Zaghi et al. (2011), and
Broglia et al. (2014) have shown that resistance and wave
interference characteristics of a catamaran rely on the separa-
tion distance between the demihulls; a stronger interference
effect in wave-making resistance results from a smaller sepa-
ration distance.

Another multihull vessel, the trimaran, consists of one main
hull and two symmetric or asymmetric sidehulls, which are
generally shorter. These shorter sidehulls, which may also be
called outriggers, are positioned on both sides of the main hull.
As sidehulls are essential to the overall layout and structural
design of the vessel, their configuration should be decided in
the early design phase; this decision will impact the
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hydrodynamic performance of the vessel (Doctors and Scrace,
2003; Wu et al., 2011). Previous numerical and experimental
studies on trimaran by Su et al. (2014) and Yu et al. (2015)
have shown that this vessel performance could be improved
by adjusting the vessel configuration depending on its service
speed; thus, an optimum configuration may be achieved.
Hafez and El-Kot (2011) and Yanuar et al. (2013) concluded
that an optimal configuration might experience a destructive
interference between the waves generated by each hull; this
phenomenon will subsequently reduce the total resistance of
the vessel.

These performance-affected elements also influence
other multihull vessels, such as tetramaran and
quadramaran. Tuck and Lazaukas (1998) had tested mul-
tiple models of multihull ship configurations; from their
investigation, sidehull positional variation considerably
influenced the interference resistance for any multihull
configuration, including the tetramaran and quadramaran
configurations, agreeing well with the experimental re-
sults obtained by Yanuar et al. (2016).

A vessel with five hulls, the pentamaran, exhibits ex-
cellent stability and seakeeping performance and broader
deck space than an equivalent monohull with the same
displacement (Dudson and Gee, 2001; Ikeda et al.,
2005). Several researchers had conducted investigations
on pentamaran vessels. Tarafder et al. (2013) showed that
the wave interference was minimum under a Froude num-
ber (Fr) greater than 0.8, and hence, the wave-making
resistance could be reduced. Yanuar et al. (2017a) dem-
onstrated that each configuration induced a different re-
sistance characteristic depending on the Fr range and hull
separation; their results confirmed that a configuration
with smaller hull separation indicates a higher interference
resistance compared with other configurations.

Studies on pentamaran resistance characteristics with
regard to the interference effect remain unfinished as this
type of vessel has many possible configurations. For this
reason, the latest investigations on pentamaran vessel fo-
cused on inspecting new configurations to obtain an opti-
mum resistance characteristic at a certain speed range.
Further research may give a clear explanation about the
interference phenomenon, which is associated with vessel
performance.

Investigation on a new configuration of a pentamaran
vessel, which includes asymmetrical hulls, is well under-
way and serves as the objective of this paper. The scope
of this study focuses on the characteristic of model resis-
tance, along with the interference factor (IF) in a specific
Fr range, that is, from medium to high. As interference
phenomenon affects both wave-making resistance and vis-
cous resistance of a multihull vessel, in this study, only
these resistances were considered as important among the
resistance components.

2 Experimental Setup

This study investigated a pentamaran model with a variety of
asymmetric and symmetric hull configurations combined with
a range of hull separation. The model was arranged from two
identical asymmetrical hulls and three identical symmetrical
hulls. Both asymmetric hulls were placed in either the inner
side or outer side of the main hull and configured in either the
inboard or outboard position. Figure 1 shows the line plan of
the pentamaran model with Wigley hull form.

The configuration of individual hulls determines the main
geometry of a multihull vessel. L, of the model refers to the
hull length. The beam of a pentamaran is affected by both
spaces between the main hull and inner sidehull and between
inner and outer sidehulls. In this investigation, every space
between hulls had the same distance, and three space varia-
tions were applied. Thus, the beam measurement of the
pentamaran model varied. Table 1 presents the characteristics
of the individual hull model.

Figure 2 depicts the model’s main geometry with the ref-
erence system. The S notation denotes a distance from a hull
centerplane to another hull centerplane. Furthermore, the ex-
amined model showed no variation in longitudinal distance
(hull stagger). Therefore, the model had a constant length in
all configurations. Thereby, when configurations were com-
pared with each other, the Fr solely signified a function of the
model speed.

In this study, the main hull was symmetric, and a pair of
asymmetric and symmetric hulls were used alternately as side
hulls. Moreover, an additional configuration of conventional

\1//4 v
Fig. 1 Isometric line plan of the Wigley hull form of the ship model
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Table 1  Main dimensions of the individual hull model
Properties Symbol Hull form
Asymmetric Symmetric
Length (m) Loa 1.8 1.8
Beam (m) B 0.09 0.18
Height (m) H 0.17 0.17
Draft (m) T 0.075 0.075
Block coefficient Cy 0.361 0.361
Waterplane-area coefficient C, 0.523 0.523
Prismatic coefficient C, 0.699 0.699
Midship coefficient Cp 0.517 0.517
Displacement (kg) Disp 3.7 74
Wetted surface area (m?) S, 0.309 0.349

arrangement (all-symmetric hulls) was investigated for com-
parison and to analyze the asymmetric hull configurations; a
pair of additional symmetric hulls substituted both asymmetric
hulls. This study evaluated five main configurations, and a
simple notation represented each one (see Fig. 3):

* A: outer inboard asymmetric hull position;
* B: outer outboard asymmetric hull position;
+ C: inner inboard asymmetric hull position;
+ D: inner outboard asymmetric hull position;
* E: symmetric hull position.

Each main configuration has three variations of hull-to-hull
transverse space (S), and Table 2 displays the variations in hull
separation (S/L ratio) of the model.

Beam of configuration B exhibited a slight difference from
the other configurations as its outer asymmetric sidehulls were
oriented to the outward side. Given this condition, its beam
was slightly narrower than that of the other configurations and
twice as that of the asymmetric hull. Nevertheless, this slight
difference in the models’ beam presented no substantial con-
cern as all models had the same length and hull separation.

Fig. 2 Main geometry of the pentamaran model
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Each configuration had been tested in a specified Fr range,
that is, from medium to high. The ship model was towed in a
water tank measuring 50-m long, 10-m wide, and 2-m deep in
a fixed towing condition. The experimental setup consisted of
some main instruments: a load cell transducer to measure total
resistance of the running model, a set of data acquisition sys-
tem to translate and record data from the load cell, and two
laser probes to measure the model’s speed. These probes were
used in the model’s speed measurement instead of the conven-
tional method because the model was run up to the critical Fr.
Excluding the model’s speed measurement, the standard of the
conducted vessel and procedures were determined under
ITTC Recommended Procedures and Guidelines: Resistance
Test (ITTC, 2011). Figure 4 illustrates the scheme of experi-
mental setup.

The structural integrity of the pentamaran model was con-
structed rigidly to avoid structural bending or unevenness be-
tween individual hulls during towing. Four transverse frames
were used as a separation adjustment system, and four addi-
tional longitudinal frame structures composed of steel L-bars
were used to stiffen the model. Figure 5 illustrates the frame
structure and adjustment system.

The experiment was performed in a calm water condition,
where after every single test, a certain waiting time was en-
gaged to maintain a steady calm water condition (Peng et al.,
2004). The waiting time was strictly retained for a minimum
of 15 min before starting the next test. A constant speed of the
ship model had been ensured for every single test, in which the
Fr was established from 0.55 to 0.1. Eleven data points were
used to create a resistance trend on the observed Fr range for a
single configuration (the total number of configuration is 15).

3 Result and Discussions
3.1 Resistance Analysis

In this examination, resistance coefficients are used to intro-
duce the data instead of its resistance values since they repre-
sent the characteristics of resistance and can be directly com-
pared with each other (Yanuar et al., 2017b). Total resistance
coefficient was calculated based on the experimental data, and
according to ITTC 1957 is expressed as follows:

R;
C,=—"t 1
" 0.5p(S,)V? )
Fris defined as follows:
\%4
Fre=—— 2)
vgL

where Ry refers to the measured total resistance of the model,
p is water density, S, denotes the total wetted surface area of
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Fig. 3 Main configuration of the
pentamaran model

the model, L represents the model length, and V is the mea-
sured model speed. As the ship model was applied in a calm
water condition, air resistance and correlation allowance were
ignored in the current examination.

International Towing Tank Conference (ITTC, 2002) clas-
sified ship resistance in calm water into two components: vis-
cous resistance and wave-making resistance, which is related
to Fr. Viscous resistance is dominated by skin friction resis-
tance, whereas wave-making resistance is influenced mainly
by the hull form of the vessel and its speed (Wigley and
Havelock, 1934).

A resultant wave generated from an individual speeding
hull may be called a system of waves. Multihull system of
waves is the sum of system waves of hulls, including any
interaction between them.

When a system of waves interacts with another system of
waves, two possibilities might occur: they merge and become
a larger system of waves (constructive interference), or they
diminish each other and become a weaker system of waves
(destructive interference) or possibly terminate each other. A

Table 2 Hull separation of the pentamaran model

Asymmetric hull position Symbol S/L

1 2 3
Outer inboard A 0.16 0.19 0.22
Outer outboard B 0.16 0.19 0.22
Inner inboard C 0.16 0.19 0.22
Inner outboard D 0.16 0.19 0.22
- E 0.16 0.19 0.22

multihull vessel experiences these wave interference phenom-
ena, which are also known as hump and hollow. In the high Fr
range, the proportion of wave-making resistance possibly ex-
ceeds that of skin friction resistance (Davidson, 1942). For
this reason, interference issues must be analyzed from the
design stage as they may reduce the total resistance of a mul-
tihull vessel or amplify it.

Although the components of multihull total resistance are
intricate to examine, its interference phenomena can be detect-
ed with an experiment. The magnitude of interaction between
the individual hulls of a pentamaran vessel is defined as an IF
(Zaghi et al., 2011), which is calculated as follows:

Ct(P)_Ct(nonP)

IF = = e (3)

where CT(P ) refers to the total resistance coefficient of the
(nonP)
T

pentamaran model, and C denotes the total resistance

VZ)Ttagc QC?
regulator >/

S
Data acquisition
system

Fig. 4 Schematic of the experimental setup
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Fig. 5 Schematic of the frame structure and adjustment system

coefficient of non-interference pentamaran.

In the current study, the variations in model speed, config-
uration, and hull separation were used as parameters to inves-
tigate the characteristics of interference phenomena. A phe-
nomenon may be deduced from the IF of the multihull vessel
and determine whether it is a preferable effect (destructive
interference) or not (constructive interference).

“

In the definition of C;™™” of the symmetric hull configu-
ration, if the total resistance is five times the resistance of a
single hull, then the wetted surface is also five times the sur-
face of a single hull; this relation is expressed as follows:

R,(nonP-sym) _ 5 (sym) (4)

Thus, C7"°™ is the same as Cyof the single hull and must
not be obtained by summation as each of them is referred to its
own wetted surface. Instead, the following equation should be
used:

C,(monPsym) _ " (sym) (5)
However, the total resistance of pentamaran with asymmet-

ric hull configuration differs from that with a symmetric hull
configuration, and it can be defined as follows:

Rt(nonPfasym) =3 Rt(sym) +2 Rt(asym) ( 6)

Therefore, the total coefficient resistance of the asymmetric
hull configuration is defined using the equation below:

3C,ymg (sym) 4 o (asym) g (asym)

C (nonP-asym) __
t 3Sa (sym) + 2Sa(asym)

(7)

where C™ and C,*Y™ stand for total resistance coefficient
of the individual symmetric and asymmetric hull forms,
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respectively. The multihull IF has to be retained to the mini-
mum if possible (Souto-Iglesias et al., 2012).

Figure 6 gives information about the total resistance coef-
ficient of asymmetric and symmetric hulls and the non-
interference pentamaran configurations. In general, the total
resistance coefficient of both individual hulls decreased mod-
erately, and the same results were observed for non-
interference pentamaran. These trends were expectedly simi-
lar to the trend of Wigley hull form resistance. Trends of
CmonP=sym ¢oincided with C,™ as they were equal.

In multihull analysis, according to resistance characteris-
tics, unless the vessel operates in slow to medium speed, its
wetted surface area influences the resistance more than its
displacement. Although the asymmetric hull form has differ-
ent properties compared with the symmetric form, in this pa-
per, the asymmetric hull configuration could be analyzed and
compared directly with the symmetric hull configuration.
Although displacement of the symmetric hull is twice that of
the asymmetric one, their wetted surface areas differed slight-
ly. Figure 7 compares the wetted surface areas of the two
forms of individual hulls and pentamaran configuration. The
wetted surface area of the non-interference pentamaran equals
that of the pentamaran with interference.

For further clarification, the difference in wetted surface
area between the hull forms is calculated as follows:

s, (m)_g. (asym)

AS, M) = 100% (8)

S, (sym)

AS, "™ was about 11.4%. As for the non-interference
pentamaran, the difference in wetted surface area between
two hull form configurations is calculated by the following:

0.010
—— Asymmetric hull
- < = Symmetric hull
--4--NonP (asym)
—-—- NonP (sym)

0.008 -

O
0.006
0.004 . . . . .
0.5 0.6 0.7 0.8 0.9 1.0

Fr

Fig. 6 Total resistance coefficient of individual hull and non-interference
pentamaran
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Fig. 7 Wetted surface area of individual hull forms and pentamaran hull
configuration

Pentamaran hull

S, (nonP-sym) _ S, (nonP—asym)

AS, o) — 100% (9)

S (nonP—sym)

AS, ™" was about 4.5%.

The wetted surface area influences the proportion of total
resistance coefficient. However, this variable may only be
applied for a vessel operating below the high-speed range as
skin friction resistance is the dominant component of resis-
tance at such range. To establish evidence of this condition,
the average difference in total resistance coefficient between
the individual hulls over the observed Fr range should be
determined and calculated as follows:

1 = C, sym C(asym
AC, ) — > <—C1(Sym)

100%) (10)

i

Hence, AC,ﬁ“d> was about 4.9%.

The average difference in total resistance coefficient be-
tween the non-interference pentamaran configurations over
the observed Fr range should be determined to further support
the evidence. This average can be calculated by taking the
results from Egs. (5) and (7), calculating the difference be-
tween the two configurations, and finally averaging the results
over the Fr range, which can be expressed as follows:

A Ct(nonP) —
1 n C, (nonP*sym)_C[ (nonP—asym)
; igl ( C[(nonP*sym) 100% . (1 1)

The result was around 1.8%.

Figure 8 compares results of Egs. (8), (9), (10), and (11).
Based on the findings, the difference in wetted surface areas
between the asymmetric and symmetric hulls can be neglected
in the following resistance analysis as their difference is less

100
80 f - ASH“"‘“ m ASH(nonl’)
9, ACED W, AC won?)
6o}
S
<
40 +
20
LR s

Single hull Pentamaran

Fig.8 A ofwetted surface area and the average total resistance coefficient
between individual hulls and non-interference pentamaran over the Fr
range

than 2% of the total resistance coefficient of the pentamaran
configuration. For such reason, symmetrical hull configura-
tions may be compared with asymmetrical hull ones with
confidence.

Wetted surface area relates to friction resistance. Based on
the above results, however, as the difference in wetted surface
area is neglected in the comparison, this investigation focused
not on the viscous resistance, i.e., skin friction resistance,
which possibly originates from the hull, but rather the other
resistance component, that is, the wave-making resistance.
Therefore, the difference between the resistance characteris-
tics of the asymmetric and symmetric hull configurations is
solely due to interference of their system of waves.

3.2 Total Resistance Coefficient

Figure 9 shows the total resistance coefficient of asymmetric
hull configurations, where the asymmetric hulls were placed
as outer sidehull (A and B) and with each featuring three
variations of hull separation. From the starting Fr, their gen-
eral trends rose and reached a peak point: configuration A was
at Fr = 0.83, and configuration B was at Fr = 0.94.

From the initial examination of the Fr, a steady increase
was observed in configuration of the asymmetric hulls facing
inward before rising significantly from Fr = 0.65 to the peak
point. However, in the configuration of asymmetric hulls fac-
ing outward, their trends rose sharply and reached a low peak
point prior to a gradual increase between Fr = 0.58 and Fr =
0.84, and they rose again rapidly until the true peak point.

Subsequent to their peak, each hull declined until the end of
the investigated Fr; a continuous decline was predicted. These
typical trends might indicate that a hump phenomenon oc-
curred on the peak point as it failed to occur on the non-
interference pentamaran.

@ Springer
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Fig. 9 a, b Total resistance coefficient of asymmetric hull outer Fr
configuration (b)D

In addition to the above results, the findings on separation
effects of the total resistance characteristics were observed at
the examined Fr range and were anticipated in support of the
deduction made during a previous experiment conducted in
ITTC member laboratory (Yanuar et al., 2017a). From the
figure, the effect of sidehull separation could not be neglected
at the medium range up to the high range of Fr, whereas the
effect gradually diminished near the critical Fr. The narrower
hull separation might create a higher system of waves; these
waves then created a higher peak as evidence of hump phe-
nomenon, which can be proven by their IF.

Figure 10 displays the C, curves of asymmetric hull
configurations with three variations of hull separation,
that is, asymmetric hulls as inner sidehulls (C and D).
Their general trends were almost as similar as the asym-
metric hull outer configurations, but in detail, they bore
distinctive characteristics. The inboard configurations

@ Springer

Fig. 10 Total resistance coefficient of asymmetric-hull-inner
configuration

generated one peak; the outboard configuration generated
two peaks, where the first was almost flat similar to the
outer outboard configuration.

From the initial F7, the inboard configuration remained
stable and climbed steadily at Fr = 0.65. Meanwhile, at the
same F7, the outboard configuration reached its first peak
point (low peak). The inboard configuration reached a peak
point and the outboard configuration its second peak point
(true peak) at the same outer inboard and outer outboard con-
figurations, respectively. Upon entering the critical Fr, they
dropped dramatically, in which the inboard configurations
dropped below their initial magnitude. Similar to the two pre-
vious configurations, they were predicted to present a contin-
uous decline.
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The effect of separation was nearly identical to the previous
two conditions, with the exception of outboard configurations
from the medium (initial) to high range of Fr, which is prac-
tically negligible. The phenomena on the asymmetric hull
configurations were comparable with the trends of the exper-
imental asymmetric hull pentamaran model by Yanuar et al.
(2017b).

Figure 11 displays the C, curves of symmetric hull config-
urations with three varied hull separations. After their slight
increase at the end of the medium Fr range, the curves steadily
decreased slightly until inception of the critical range. Unlike
the asymmetric hull configurations, the curves undulated
throughout the range. However, their decrease at the end al-
most plateaued, considering that they started with high C; (in
magnitude) as much the same as the inboard configurations.
The effect of hull separation was also observed in the entire
Fr, that is, a narrower distance created a larger magnitude.

Overall, the inboard configurations demonstrated a peak
at the same Fr and were predicted to establish a hollow
phenomenon after the end of the investigated Fr.
Meanwhile, the outboard configurations attained a low peak
and a true peak almost at the same Fr, in which the second
one was much higher (in magnitude) and was predicted to
establish a hollow phenomenon before the initial measure-
ment and after the critical Fr.

33IF

Figure 12 demonstrates the IF of all configurations. In general,
the trends rose from medium Fr range to their peak at high Fr
range and subsequently declined until the critical Fr, at which
the values were predicted to continuously decrease. As the C,
of specific configurations was lower than that of non-interfere
pentamaran, the magnitude of their IF was in a negative range;

0.015 -
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0.012 L --a--E3-5/1L=0.22

& - —
**.

“Acecaoa.
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Fig. 11 Total resistance coefficient of symmetric hull configuration
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Fig. 12 IF of asymmetric hull configurations

this minimum IF (in magnitude) is a desired characteristic.
However, compared with each other, not a single configura-
tion attained the best characteristic throughout the entire range
of the investigated Fr.

Furthermore, the wider hull separation expectedly generat-
ed lower IF (in magnitude) in the same configuration; these
results were compared with the asymmetric hull configuration
in Fig. 13.

From the figure, the asymmetric hull configuration
achieved a better IF (most of them were in the negative range)
than the symmetries from the medium to initially high range
of Fr. After such range, the asymmetric hull configurations
soared due to the hump phenomenon (and the second hump),

1.0
= B~ =020 —wom- E1-S/L=0.16
08} -~ -B3-S1=022 _
~-ees E2-5/1=0.19
see-- 03251022 woee B3-S/L=0.22
06} - D3-S/L=022 '
04}
E 02}
0Ff
~0.2
~0.4
05 06 07 08 09 10

Fr

Fig. 13 IF of the symmetric and asymmetric hull configurations with S/L
=022
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thus rendering the symmetries with a desirable characteristic
until the critical Fr for the same separation. Nevertheless,
these compared trends of the symmetries are believed to return
to normal as the trends of asymmetries were predicted to de-
cline after the critical F7r.

Trends in IF of both asymmetric and symmetric hull con-
figurations were almost similar to their total resistance coeffi-
cient because the C, trends of individual hulls dropped steadily
from the medium to critical F7, resulting in similar trends in
the resistance characteristics of non-interference pentamaran.

The negative IF was possibly caused by destructive inter-
ference between the systems of waves produced by individual
hulls; this hollow phenomenon was indicated in the medium
to high Fr range in most of the asymmetric hull configurations
(excluding configuration C). However, a hump phenomenon
was observed afterward, also proving that the peak (and also
the second peak of outboard configurations) of their total re-
sistance coefficient is part of the constructive interference.

In summary, all configurations created observable interfer-
ence phenomena although neither fluctuating hump nor hol-
low phenomenon was observed in the symmetric hull config-
uration over the Fr range. Nonetheless, a symmetric hull con-
figuration with the broadest separation (S/L = 0.22) generated
a constant destructive interference. Hence, its IF stayed in the
negative range throughout the examined F7; this configuration
is the only one that achieved such characteristic. Moreover,
three remarkable configurations were deduced as the optimum
pentamaran model depending on the Fr range; these configu-
rations were A3, B3, and E3 at Fr ranging from the start to
0.65, from 0.65 to 0.87, and from 0.87 to the end, respectively.

4 Conclusion

We investigated the total resistance and interference charac-
teristics of symmetric and asymmetric hull configurations of
unstaggered Wigley hull pentamaran model in a fixed condi-
tion at medium to high Fr range. The total resistance coeffi-
cient of asymmetric hull inboard and outboard configurations
produced one and two peaks, respectively. Based on the IF,
these peaks, other than the first one of outboard configura-
tions, may be caused by the constructive interference of indi-
vidual hull resultant systems of waves. Constructive and de-
structive interferences were observed in three separation var-
iations of the symmetric hull configuration, but they almost
stabilized.

This investigation demonstrated the characteristics of total
resistance and interference of the unstaggered pentamaran
model using straight and detailed results. Although each con-
figuration attained its particular resistance and interference
characteristic where not a single configuration outperformed
the others for the entire Fr range, three notable configurations
were identified as the optimum body. These configurations

@ Springer

include A3, B3, and E3 at Fr ranging from the initial value
to 0.65, from 0.65 to 0.87, and from 0.87 to the critical point,
respectively. The asymmetric hull configuration with S/L =
0.22 could generate a constant destructive interference
throughout the examined Fr, whereas all other configurations
could not.

Although the study found evidence of constructive inter-
ference in the high F7 range and destructive interference from
medium to high Fr range, from the data collected, whether the
destructive phenomenon occurs before and after the investi-
gated Fr can possibly determine. Further studies, however, are
necessary to confirm this prediction, especially at low Fr
range. The use of capacity probes for wave elevation measure-
ments on further studies might be useful to strengthen the
interference results.
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