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ABSTRACT: The purpose of this study is to designed the low wash hull on catamaran vessels to support
transportation on the small islands of the Karimunjawa Islands, and to observed the results of waves generated
from the shape of the hull. Using the regression method of the comparison ship, the main size of the catamaran
ship is obtained LoA = 20.9 m, LwL = 20 m, B = 8 m, H = 3.1 m, T = 1.6 m. Hullform designed with 4 forms:
Model 1 (symmetrical), Model 2 (symmetrical variation), Model 3 (flat side outside of asymmetric catamaran),
and Model 4 (flat side inside of asymmetric catamaran). The results obtained that a symmetrical hull catamaran
is the ship that has the smallest resistance i.e. model 2 S/L 0.3. At Fn 0.28 the resistance is 2.37 N, Fn 0.47; 4.85
N, and Fn 0.65; 5.71 N. Vessels with asymmetric flat hulls outside have the lowest wave elevation as well as low
wash are model 3 with S/L 0.3 with elevation height from 0 to 1 point of 0.012264.
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INTRODUCTION
Water transportation is an important infrastructure that connects the islands of Indonesia. Provision of
transportation facilities between small islands is still a lot using traditional boats, one example of this is
transportation in the waters of the Karimunjawa Islands. The inter-island crossing transport facilities in the
Karimunjawa Islands are still dominated by traditional fishing boats which are deemed inadequate when viewed
in terms of safety, security, comfort and aesthetic value, see Figure 1.

Figure 1. Transportation between small islands in Karimunjawa
Based on data from the Jepara Regency government, the number of foreign tourists visiting Karimunjawa every
year is around 2,600 people, while domestic tourists number around 7,000 people. The Jepara Regency
Government continues to strive to boost the number of tourists, both foreign and domestic, to visit the
Karimunjawa Islands, but the obstacle faced is that transportation access to Karimunjawa is quite difficult [1].
Transportation access to the Karimunjawa Islands can be reached from Semarang using the Kartini 1 Motor Boat
(KM) which takes around 3-4 hours, while departing from Jepara only takes around 2.5 hours. Another alternative
is to use KM Muria, but with a longer travel time of about 5-6 hours from Jepara. KM Kartini 1 is indeed faster,
but more expensive than KM Muria. Until now, access to Karimunjawa can only be reached by sea with a very
limited number of ships [2].
Water Bus is a water vehicle that is used as a means of public or private transportation in urban environments.
The water bus is planned to be built into green public transportation in the city of Hangzhou, China [3]. Water
Bus operational services are usually scheduled with stops at many points of destination, such as city buses that
operate as ground transportation. Therefore, this Water Bus is very appropriate to be used for transportation in
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Indonesian waters. This is because the existing Water Bus usually has a catamaran hullform design, more
specifically a type of Low Wash Catamaran [4]. This study will focus on designing the hullform and getting the
desired low wash, getting the main size of the ship, and knowing the characteristics of the ship with ship resistance
analysis. This study aims to design low wash hulls on catamaran vessels in support of transportation on small
islands in Karimunjawa and to see the resulting waves generated from the hull.
LITERATURE REVIEW
This Water Bus is very suitable for transportation between small islands in a large archipelago such as the
Thousand Islands, Karimunjawa Islands or other islands which are mostly located in Eastern Indonesia.
North Sumatra Province in supporting Indonesia to become the World Maritime Axis through the issuance of
Regional Regulation No. 2 of 2017 concerning Spatial Planning for North Sumatra Province 2017-2037.
Development of sea transportation along the east coast of North Sumatra by water bus [5]. In big cities like
Palembang and Banjarmasin, water buses not only serve to meet the needs of traffic and transportation, but also
are a means of transportation that offers colorful city views, or as part of urban water tourism, see Figure 2.
In addition to traditional water buses, in several water locations close to the capital city of Jakarta, they already
have modern fiberglass water buses. It is very visible on modern water buses, passenger comfort is more
considered [6].

Figure 2. Traditional water bus as a river transportation in Kalimantan
In the modern water bus cabin has an interior similar to the interior of a city bus. Passenger seats are designed
with an ergonomic, soft and equipped with reclining seat facilities, very much different from the condition of a
traditional water bus that contains wooden benches, which sometimes are not equipped with a backrest, see Figure
3. The distribution of the existing cargo on traditional water buses is not well ordered, this can have a bad influence
on the stability of the ship.

Figure 3. Traditional water bus passenger cabins
The development of modern Water Bus technology seems quite developed in Europe, especially in the
Netherlands. Advanced hulllform implementations such as catamaran are mostly found on modern Water Bus.
Damen shipyard has developed several modern Water Bus products, such as: Water Bus 3207, Water Bus 3007,
Water Bus 2407 and Water Bus 2006, see Figure 4 [7].
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Figure 4. Water Bus products from Damen Shipyard Netherlands [7]
In the study of Water Bus development, the articles reviewed were mostly related to catamaran/multihull
technology. Studies of the hullform and the hydrodynamic characteristics of small catamarans have been
investigated [2]. Investigation of ship behavior on shallow water, as well as the effect of demi hull distances on
obstacle characteristics is carried out using model tests and numerical analysis to get the best configuration of the
given constraints [8]. Use the potential based boundary element method to solve the problem of non-linear freesurface flow in wigley catamaran with uniform velocity in deep waters. Numerical study of the behavior of a
catamaran in regular head waves. Comparison with strip theory solutions shows that the RANS (Reynold Average
Navier Stokes) method is able to predict ship movements with higher accuracy and allows it to detect non-linear
effects [9]. Analysis of the effect of interference on high speed catamaran with numerical simulations and model
tests [10].
The results show that the more tapered the configuration, the higher the interference and the speed at which the
maximum conditions occur. Yaakob learned about the parametric study of the catamaran hullform to get the low
wake wash hullform configuration. The results of the study were taken based on the wave height criteria on
longitudinal section variations showing that the Flat Side Outward configuration has a smaller wake wash
compared to the Flat Side Inward configuration. Based on the ratio of L/B or S/L, hullform with a larger separation
or a larger L/B ratio produces a smaller wave height [11]. Antonio Souto Iglesias conducted an experimental study
of the commercial catamaran and series 60 catamaran models against interference resistance. The experimental
results show that the influence of the model conditions (free or fixed) is not substantial. This is consistent with
experiments showing the value of dynamic trim-sinkage is moderate and the small difference in dynamic trim and
sync between monohull and multihull in the free model condition [12]. Benjamin Bouscasse conducted a study of
seakeeping behavior in fast catamarans on waves coming from the head waves. The experimental results indicate
that the peak frequency is constant with respect to the velocity shown by the heave movement. Since the wave
excitation force on the heave does not have a maximum peak value, the total heave force occurring at the wave
radiation is maximum. Another investigation focused on low sea states. The results of the investigation show that
behavior is almost linear and added resistance is limited. This also shows that the estimated added resistance is
relatively good and can be used by using some linear regular wave results [13]. Wei He conducted a URANS
study of total resistance, slamming load and motion on the head sea, including irregular waves and uncertainty
quantification geometry and regular waves on Delft catamaran [14]. Riccardo Broglia conducted an experimental
investigation on the influence of interference on high-speed catamarans. The influence of interference between
adjacent hull has been tested experimentally by changing hull separation and Froude Number (Fn). At Fn <0.3 the
interaction effect is difficult to conclude. The maximum interference level has been measured for the smallest
separation in Fn ≈ 0.5. In these conditions the total drag coefficient increases to more than 30% when compared
to the monohull used as a comparison [15].
Based on the review of the articles above, this research intends to develop a Low Wash Catamaran Water Bus
design that has a better level of safety and comfort by applying Low Wash Catamaran that is multihull. The
proposed multihull hullform design will be developed as an improvement measure for traditional transportation
vessel designs that have been generally used.
Studies and various researches that have been achieved
Previous studies have been conducted on the design of fast motor boats using catamaran hulls. In this study the
determination of the main size of the ship using the comparative ship method. Technical studies carried out in this
design study were carried out to obtain the performance characteristics of the developed ship. The results showed
that the catamaran fast motor boat that was developed had a resistance of 77.1 kN and power of 2659.40 HP. On
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stability performance, the results of the study show that the proposed vessel has stability characteristics that meet
the IMO acceptance criteria. Based on the results of an economic study, the proposed ship has an economic value
of 62 trips a year without raising the applicable ticket price. The proposed vessel break-even point can be reached
in the 5th year or equivalent to 144 trips, assuming the ship always operates at full load condition [16]. The boat
design can be seen in Figure 5.

Figure 5. Fast motor boat lines plan for the Semarang-Karimunjawa route [16]
Another study that has been conducted is the use of catamaran hullforms for tourism vessels on the Menjangan
Besar Island Karimunjawa [17]. Catamaran is a type of multi-hull ship with two hulls (twin hull) that are connected
with the bridging structure. This bridging structure is a catamaran advantage because it increases the height of the
freeboard. so the wetted surface area is smaller than monohull. In the type of catamaran has several disadvantages,
namely having a larger wetted surface area when compared to monohull vessels, so it tends to have greater friction
resistance. However, the increase in friction resistance does not have a significant effect compared to the decrease
in wave making resistance, so that the total resistance of catamaran vessels is lower when compared to monohull
vessels. Hullform catamaran types can be seen in Figure 6.
RESEARCH OBJECTIVE
The main purpose of this study is to produce a Low Wash Catamaran Water Bus hullform design as a means of
transportation between small islands in the Karimunjawa Islands. This research is a very important stage for the
development of crossing boat technology between small islands, in this case especially in the Karimunjawa
Islands.

Figure 6. Catamaran ship hullform models that have been developed [17]
METHODOLOGY
In general, this research will focus on the detailed design of the Water Bus hullform through the exploration of
Catamaran Low Wash forms. The hull form of the catamaran was designed with Computer Aided Design ship
design software, MAXSURF. The 3-dimensional design of the asymmetric catamaran hull form produced by
MAXSURF was then transferred to Computer Aided Design software, AutoCAD 2012 to get a complete set of
offset data for simulation process. Computational Fluid Dynamics (CFD) analysis is used to study the
characteristics of seakeeping and analysis of the strength of the proposed Water Bus hull design using finite
element analysis (FEA). The simulation was carried out using CFD software. Amongst the many capabilities of
this software is prediction of wave profile.
Ship Characteristics
The tourism ship in this study was designed by using a twin hull form that operates in the waters of Karimunjawa.
Using the form of a catamaran hull, the stability of the ship will be better when compared to monohull vessels.
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The resistance produced by the catamaran hull shape is also smaller when compared to monohull vessels at the
same speed. Using the catamaran hull, we will get a large deck area and stability to support the comfort of carrying
out activities on board.
Determination of Ship's Main Dimension
In determining the main dimension of catamaran vessels in this design using the comparation method, by
optimizing the comparison of the main dimensions of comparator ships, then taking one major variable component
of the main dimension of the ship. In this design, the main variable component is the width (B) of the ship.
In the design of tourism ships with symmetrical catamaran hulls using several comparative ships with similar
types of ships. Technical data to find a comparison ship is obtained from an existing internet website. With the
selection of comparable ships in this design, it is expected to get the optimal main dimension of the ship, and the
ship can function optimally. The following is technical data regarding the comparison ship:
Table 1. Technical Data from the Catamaran Comparison Ship [18]
Comparative Ship
Name
Work Catamaran
Lauri J
Air Rider Pilot
Elat Catamaran
HSLC

L

B

H

21.00 8.00 3.60
30.00 10.00 4.15
15.00 6.00 3.00
15.00 6.00 2.50
23.45 9.90 2.50

T
1.85
2.00
1.50
1.25
1.00

The reference in determining the main dimensions of a ship is the optimization of the main dimension comparative
ship. The length of the ship (Lpp) is set at 20 m.
Table 2. Comparison of Main Dimension of Comparative Ship
Tourism Ship
Work
Lauri J
Air Rider Pilot
Elat
HSLC

L/H
6.65
7.23
5.00
6.00
9.80

L/B
2.63
3.00
2.50
2.50
3.16

H/T
0.59
0.48
0.50
0.50
1.43

B/L
0.38
0.33
0.40
0.40
0.32

B/T
4.32
5.00
4.00
4.80
4.43

L/T
11.35
15.00
10.00
12.00
14.00

From the comparison values in Table 2, we can find out the minimum and maximum values of the comparative
ship's main size, as follows:
Table 3. Effect of Comparison of Main Dimension of Ships
Ratio

Value
>

L/B
<
>
L/T
<
B/T
L/H

>
<
>
<

Effect
Less resistance, less maneuver
and stability.
Good stability and maneuver,
but adds resistance.
Less ship resistance and
maneuver.
High ship resistance, good
maneuver.
Good stability.
Less stability.
Ship strength will decrease.
Ship strength will increase.
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Range

Selected

2.77 3.21

<

14.00 26.23

<

4.38 8.30

>

7.31 10.86

<
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H/T

>

Less Deck wetness.

1.40 2.42

>

note: > high, < less
The parameters to determine the main dimensions of the ship are only the Lwl/B and B/T comparisons. By
optimizing the comparison of the main dimension, the main dimensions of ship are obtained:
Table 4. Main Dimension of Ship

L
B
H
T

MAIN
20.00 m
8.00 m
3.10 m
1.50 m

All comparisons in the main dimension of the tourism ship correspond to the comparison range of the comparative
ship, but the parameters used are more emphasized in the L/B and B/T ratio regarding stability and
maneuverability for passenger comfort. For L/H ratio, the value is large so that the lengthening strength of the
ship decreases but that is not a problem in this design because the ship has a length of the ship that is not so long
and the area of operation of the ship including the waters is quite unstable depending on seasonal weather, to
increase the lengthening strength by strengthening the construction.
This research is focused on the effects caused by variations in the distance between the catamaran hulls. This
study was simulated to obtain an effective total resistance value.
The parameters used are as follows:
Fixed parameter, the dimensions of the properties of the hull include: Length of Waterline, Draft, Depth, and
Displacement.
Modifier parameters: Ship Speed (Fn 0.28; 0.47; 0.65) and hull distance (S/L) 0.3; 0.4.
Modelling
The designed catamaran consists of 4 models, 2 symmetrical hull designs and 2 asymmetrical hull designs (flat
side outside and flat side inside). The aim is to compare the resistance values between the 4 models and to find
out the wave wash of each of the hull designs. Modeling is done by entering the Maxsurf Modeler.
Based on the results of the catamaran hull design, the dimensions of the model are obtained as follows:
Model 1 (symmetrical)
This model is conventional, have displacement = 69 ton; WSA = 142.032 m2; Cb = 0.278.

Figure 7. Hull Design Model 1
Model 2 (symmetrical variation)
This model is the result of variation from the first model, where the hull shape is slimmer than Model 1 but has
the same displacement and the resistance of this model will be compared with other models. Model 2 has
displacement = 69 ton; WSA = 147.639 m2; Cb = 0.276.
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Figure 8. Hull Design Model 2
Model 3 (flat side outside of asymmetric catamaran/FSO)
This model is designed with the outside of a straight hull, its purpose is to see the results of resistance and sweep
produced and the results will be compared with the results of other models. Model 3 has displacement = 69 ton;
WSA = 158.931 m2; Cb = 0.274.

Figure 9. Hull Design Model 3
Model 4 (flat side inside of asymmetric catamaran/FSI)
This model is designed with the inside of a straight hull, the purpose is to see the results of the resistance and the
sweep produced and the results will be compared with the results of other models. Model 4 has displacement =
69 ton; WSA = 158.832 m2; Cb = 0.275.

Figure 10: Hull Design Model 4
DATA AND VALIDATION
Controlled results are controlled using an empirical formula for calculating resistance by reviewing the results of
total resistance values (RT) or other software calculations.
Calculation of the Catamaran resistance uses the Insel-Molland empirical formula. Resistance are calculated on
Froude Number (Fn) = 0,28, 0,47, 0,65. Because the ship model used in the CFD simulation uses a 1:20 scale, to
determine the speed of the ship model used for CFD simulations using the equation Fn and change the length (L)
to length (Lwl) of the ship model.
Empirical formula total ship resistance [19]:
𝑅𝑅𝑇𝑇 = 0.5 × 𝑊𝑊𝑊𝑊𝑊𝑊 × 𝑉𝑉 2 × 𝜌𝜌 × 𝐶𝐶𝑇𝑇

(1)

𝐶𝐶𝑇𝑇 𝐶𝐶𝐶𝐶𝐶𝐶 = (1 + 𝛽𝛽𝛽𝛽)𝐶𝐶𝐹𝐹 + 𝜏𝜏𝐶𝐶𝑊𝑊

(2)

Insel and Molland put forward an equation expression for the total resistance of the Catamaran [19]:
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Then the viscos interference factor is formulated again by Molland. The formula is used for hull slenderness with
reference to the slenderness ratio [20]:
L/V1/3 = 6-9 for L/B = 6-12, B/T = 1-3 and Cb = 0.33 – 0.45
(1+ βk) = 3.03 (L/V1/3)-0.40 + 0.016 (S/ L)-0.65 (3)
where:

Lwl
V

= The length of the ship's waterline model (m)
= Volume Displacement (m3)

S/L = The ratio of the distance between demihull catamarans
For Boat Cf Calculation is calculated using the Hullspeed Software at each speed. Then Calculation τ (wave
factor) uses the Jamaludin formulation table, interference component of the wave resistance depends on Fn [21].
For Cw Calculation the ship is calculated using the Hullspeed Software at each speed. After the equation
component for the Total Coefficient is obtained, the results of each velocity are obtained:
Table 5. Total Resistance Coefficient at S/L 0.3
Fn
0.28
0.47
0.65

(1+βK)
1.498
1.498
1.498

CF
5.041
4,501
4,205

τ
1.021
0.935
0.622

Cw
6.102
6.246
4.866

CT
13.777
12.580
9.325

Table 1. Total Resistance Coefficient at S/L 0.4
Fn
0.28
0.47
0.65

(1+βK)
1.493
1.493
1.493

CF
5.041
4,501
4,205

τ
0.798
0.898
0.591

Cw
6.102
6.246
4.866

CT
12.398
12.334
9.157

After obtaining the Total Resistance coefficient, then the total Resistance for each S/L and speed is obtained:
Table 2. Total Resistance at S/L 0.3
Fn
0.28
0.47
0.65

Vs
0.877
1.472
2.026

ρ
1.025
1.025
1.025

WSA
0.322
0.322
0.322

CT
13.777
12.580
9.325

RT
1.75
4.50
6.38

CT
12.398
12.334
9.157

RT
1.57
4.41
6.26

Table 3. Total Resistance at S/L 0.4
Fn
0.28
0.47
0.65

Vs
0.877
1.472
2.026

ρ
1.025
1.025
1.025

WSA
0.322
0.322
0.322

RESULTS AND DISCUSSION
Catamaran Ship Resistance Analysis
The shape of the hull is the Catamaran, so the calculation of resistance must pay attention to the formulas and
provisions of Insel and Molland. Where the catamaran is a multihull ship with an isolated demihull [19]. From
the results of the calculation of resistance, shows that each form of hull has a different resistance.
From the figure data it can be seen that model 2, which is a symmetrical hull shape, has a smaller resistance value
than models 3 and 4 which have an asymmetric hull.
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Figure 1. Chart of ship resistance S/L 0.3 with CFD calculation

Figure 2. Chart of ship resistance S/L 0.4 with CFD calculation
Wave Elevation
After calculating the resistance in the hull then proceed to see how much the wave elevation produced by the
shape of the hull itself. Because the catamaran has two hulls, the wave elevation seen is not only from the outside
of the hull, but also from the inside of the hull. The following graph shows the wave elevation on ships with S/L
0.3:

Figure 3. Hull wave elevation graph in Fn 0.28 at S/L 0.3 vessels with CFD calculation

Figure 4. Hull wave elevation graph in Fn 0.47 at S / L 0.3 vessels with CFD calculation
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Figure 5. Hull wave elevation graph in Fn 0.65 at S / L 0.3 vessels with CFD calculation
From the figure, it can be seen that model 3 has the highest wave elevation between the hulls and model 4 has the
lowest wave elevation between the ship's hulls.

Figure 6. Elevation chart of outer hull wave Fn 0.28 at S/L 0.3 vessels with CFD calculation

Figure 7. Elevation chart of outer hull wave Fn 0.47 at S/L 0.3 vessels with CFD calculation

Figure 8. Elevation chart of outer hull wave Fn 0.65 at S/L 0.3 vessels with CFD calculation
In the figure, it can be seen that Model 3 has the lowest wave elevation on the outside of the hull and Model 4 has
the highest wave elevation on the outside of the hull. Then proceed with the wave elevation graph on S/L 0.4 as
follows:
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Figure 9. Elevation chart of inner hull wave Fn 0.28 at S/L 0.4 vessels with CFD calculation

Figure 10. Elevation chart of inner hull wave Fn 0.47 at S/L 0.4 vessels with CFD calculation

Figure 11. Elevation chart of inner hull wave Fn 0.65 at S/L 0.4 vessels with CFD calculation
In the figure, it can be seen that Model 3 has the highest wave elevation between the hulls and Model 4 has the
lowest wave elevation between the hulls.

Figure 12. Elevation chart of outer hull wave Fn 0.28 at S/L 0.4 vessels with CFD calculation
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Figure 13. Elevation chart of outer hull wave Fn 0.47 at S/L 0.4 vessels with CFD calculation

Figure 14. Elevation chart of outer hull wave Fn 0.65 at S/L 0.4 vessels with CFD calculation
In the figure, it can be seen that Model 3 has the lowest wave elevation on the outside of the hull and Model 4 has
the highest wave elevation on the outside of the hull.
In all the figures above we can see the elevation of the waves produced at high speed (Fn 0.65) in model 3 it
appears that the ship has a high enough resistance between the inner hulls.
From the calculation of the resistance of model 3 has a higher resistance but when looking at the graph of the
elevation of the outer hull waves the model 3 has the lowest elevation and has the highest wave elevation on the
demihull. The magnitude of the elevation that occurs between the hulls in the ship makes the high resistance in
model 3.
From the wave elevation we can see the Wave Wash produced from the wave itself, the smaller the elevation, the
smaller the wash that is produced. Influence of the hull shape also has a role in the washing caused, for example
in models 3 and 4.
The effect of low wash on resistance is rather straightforward. However, the smallest wash model is in the model
that has the biggest resistance. From the analysis it can be concluded that the effect of shape can also affect the
wash produced.
While the effect of S/L on Low Wash and resistance is the farther distance of S/L, the smaller resistance and also
the wash produced. For the position of taking wave elevation at each S/L is the same so that the graph produced
is no manipulation.
When comparing the best wave elevation in each S/L, the highest elevation from 0 to 1 at S/L 0.3 is obtained
0.012264 and S/L 0,4 i.e. 0.12931.

Figure 15. Elevation chart of outer hull wave Fn 0.65 at model 3 S/L 0.3 and 0.4 with CFD calculation
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Whereas to compare the best resistance is in model 2 at each S/L at each Fn 0.28, 0.47 and 0.65:

Figure 16. Resistance graph of Model 2 at S/L 0.3 and 0.4 with CFD calculation
CONCLUSION
The configuration of asymmetric catamaran hull form, i.e. flat side outside (FSO) has better wake wash
characteristic than flat side inside (FSI) configurations with S/L 0.3 and elevation height from 0 to 1 point of
0.012264. The low wash produced by catamaran also depends on separation to length ratio. The symmetrical
variation catamaran hull form (model 2) has best resistance characteristic with S/L 0.3.
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