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Abstract. This paper presents an investigation of pentamaran hull form with chine hull form to
the effects of outriggers position, asymmetry, and deadrise angles on the resistance
characteristics. The investigation to the resistance characteristics by modelling pentamaran hull
form using chine with symmetrical main hull and asymmetric outboard on the variation
deadrise angles: 25°, 30°, 35° and Froude number 0,1 to 0,7. On calm water resistance
characteristics of six pentamaran models with chine-hull form examined by variation of
deadrise angles by using CFD. Comparation with Wigley hull form, the maximum resistance
drag reduction of the chine hull form was reduced by 15.81% on deadrise 25°, 13.8% on
deadrise 30°, and 20.38% on deadrise 35°. While the smallest value of total resistance
coefficient was generated from chine 35° at R/L:1/14 and R/L:1/7. Optimum hull form for
minimum resistance has been obtained, so it is interesting to continue with angle of entrance
and stem angle of hull for further research.

1. Introduction

Many studies established that pentamaran better than monohull, i.e.: large volume and deck, low
resistance at high speed, good stability, and good sea keeping performance. The factors affected
mutual on multihull were viscosity resistance due to the wide variation of the wetted surface on the
changes of pressure and speed, and wave making resistance as effect engagement of the cross section
along the ship and spreads of the wave. Outriggers position to the main hull contributed to influence
on frictional resistance and stability [1]. The Asymmetric outrigger configuration and separation
distance resulted change in resistance and there is no single configuration that consistently
outperforms the other configuration across the entire speed range [2]. Frictional resistance on
pentamaran increased as a consequence on enhancement of wetted surface area hull form, but wave
making resistance can be reduced with a slender hull form. [3] has defined wave making resistance
reduction and enhancement of frictional resistance were affected by the hull length to width ratio (L/
B).

Minimization resistance of ship there are several ways such as modeling hull form or other ways,
e.g.: polymer, microbubbles [4]. Hull form very significant impact on the ship, then modeling with the
precise configuration on pentamaran was indispensable. Researches on pentamaran generally use
Wigley hull form, this study use chine hull form to investigate and compare with Wigley. The
specialty of this chine hull form in some studies shown advantages such as: reducing resistance, easier
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and faster in the building process. Experiment [5] shown symmetrical chine hull form on catamarans
could reduce wave resistance, interference between hull due to resistance will tend to fall on Fr > 0,5.
[6] found that chine more profitable on Fr > 0.75 compared with NPL series, while in sea keeping
performance; rounded models are superior in displacement conditions. [7] had compared chine for
catamarans and Wigley model by a computer program SHIPFLOW. Wigley hull form in deep waters
have a higher value Cw (wave coefficient) at 0.3 < Fr <0.6, and in shallow waters the highest Cw
value at Fr 0.4. While the chine hull form, Cw tend to fall at 0.6 <Fr <0.7 in line with the decrease in
depth, and the highest value Cw in shallow waters occurred at Fr 0.4.

Ship performance is determined by parameters: L/B, Ap / V23, LCG, deadrise angle, angle variation
along the hull, and shape of chine [8]. [9] had used multihull with chine get hydrodynamics of the
catamaran on deadrise angle 0°-20° lift coefficient will improve with decreasing spacing of outriggers
and high Froude numbers in line increase of deadrise angle. But at larger deadrise angles, high Froude
numbers and the gap of outriggers more widen the complex effects occur where the waves flow
direction resulting in pressure on the rear area of hull, and also resulted in lift coefficient. [10] were
using configuration pentamaran Wigley hull form with numerical method to analyse hydrodynamic
characteristics at speed variation. Specifically of this study is investigating the calm-water total
resistance, frictional and residuary characteristic of a pentamaran with chine hull form at variation of
deadrise angles on 25° 30° 35°. The numerical analyses based on computational fluid dynamics
(CFD) modelling and validation with last experimental data.

2. Methodology
Experimental and numerical modelling techniques are very important to get hull form with good
hydrodynamic, performance and safety. Experimental for multihull ships were first performed by [11]
on catamarans to obtain optimal hull with minimum resistance. [12] with numerical computational
approach based on [13] determined resistance and motions on catamaran, trimaran, quadrimaran and
pentamaran using Wigley hull form on several configurations. He mentioned that the waves making
resistance on multihull always the biggest component as the speed or value of Fr increase.

Based on the hypothesis of Froude that the total resistance consists of two components, i.e.:
frictional resistance (Rg) and the residuary resistance (Rg).

Rr =R, +Ry 1)

The analysis data experiment using ITTC’57 methodology for calculate the total resistance coefficient
(Cy):

Cr=Cr+Cq )
0.075
(logRn — 2)°

Pentamaran consists of one main hull, two inners and two outers hull, with different Reynold number,
then the frictional resistance coefficient calculated by:

©)

S main 2side, 25ide, (4)
Cr = Crmain 5—r FlS—T F2 5—r
Then the residual coefficient was given by:
Cr=Cr—Cr ®)

2.1. CFD Method

This study was investigation a K-g model transformed the outer boundary layer and the free stream
[14]. In a large variety of different flow, K-& model has been used successfully. The K-& model [15] is
numerical integrated equation of viscous sub layer used in Computational Fluid Dynamics (CFD) to
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simulate characteristics of turbulent flow. It was generally used to mixing-length model, to find
algebraically turbulent length scales in high complexity flows. K is turbulent kinetic energy
determines in the turbulence, €. A nonlinear boundary condition on € allows using of a homogeneous
boundary condition.

The mathematical model for free surface flow was based on the homogenous multiphase Eulerian—
Eulerian fluid approach. This approach shares the same velocity field and other relevant fields such as
temperature, turbulence, etc. Numerical method was derived from Navier Stokes’ equations where
using a Volume of Fluid (VOF) approach. Incompressible Reynolds averaged Navier-Stokes (RANS)
was expressed by [16].

U= Y
Pot TP 8x, T Tox,  ox,
fp Pp U 7
(ﬁt J ﬁxj) P ox,

Equation (6) as momentum equation (second Newtonian law for fluids) and equation (7) as continuity
equation. Where, p: fluid’s density, U;: velocity components, P: pressure, and T;;: components of
viscous stress tensor as follows:

Tz'_;l' = {:2.#5:'}' - pUELiI_-;I} (8)

18U, BU; ©)
3= 3 (ﬂx}- ox,
ﬁUf;’ ay. = 0 as effect of turbulence on the flow by Reynolds Stress (RS) pzu;. And the
L
equation of volume fraction transport [17]:

where

gc 9l _ (10)
at dx;
V -
c; volume fraction = — 2T p; fluid density and p; viscosity is calculated as:
tatral
H= Hﬁii“c—'_.luu'ﬁfﬂ?‘{:l_ C} (11)
P = pni:'c-l_pwnrs:'{:l_ C} (12)

The turbulence model wall laws have restrictions on the y+ value at the wall. The wall y*, a non-
dimensional distance from the wall to the first grid point was similar to local Reynolds number
represented in Equation 13. It’s determining whether the influences in the wall-adjacent cells are
laminar or turbulent. Turbulence models deal with the flow in the boundary layer can be further
subdivided into a laminar (viscous) sublayer and a fully turbulent region.

v 13
yr=L (13)

where, Ur; frictional velocity as comparison between shear stress at the wall (<) and density (p), y;
distance from wall surface, v; kinematic viscosity. The value y* of hull form was depending the wall
surface adjusting to the flow in the boundary layer.

2.2. Last Experimental Result

The results of the experimental data by [18] was used to validate the CFD analysis on Wigley
pentamaran hull form with asymmetric inner side-hulls. The experiment had done to 9 configurations
at variations Fr 0.1 - 0.7. On model IIA with configuration S/L (separation/ length of main hull) 3/16
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and R/L (stagger/ length of main hull) 1/ 20 at Fr 0.35 the resistance was reduced by 25%. At Froude
numbers ranging from 0.2 to 0.7, the resistance coefficients have a downwards trend as shown in
figure 1.
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Figure 1. Total resistance coefficient [18]

Table 1. Model hull specification

Main Wigley Chine 25°
Dimension Main Inner side  Quter side Main Inner side  Outer side
LOA 2.00m 1.00 m 0.75m 2.40m 1.02m 0.93m
B 0.20 m 0.10 m 0.07m 0.20 m 0.10 m 0.07m
T 0.07 m 0.07 m 0.06 m 0.07 m 0.07m 0.06 m
H 0.15m 0.15m 0.14m 0.15m 0.15m 0.14m
Ch 0.57 0.59 0.58 0.59 0.67 0.55
WSA 0.39m? 0.18 m? 0.11 m? 0.55 m? 0.30 m? 0.21 m?
Atot 24.5 kg ~24.5 kg
Main Chine 30° Chine 35"
Dimension Main Inner side  Quter side Main Inner side  Outer side
LOA 2.75 1.08 m 0.93m 3.30m 1.12m 0.93m
B 0.20 m 0.10 m 0.07m 0.20 m 0.10 m 0.07m
T 0.07 m 0.07 m 0.06 m 0.07 m 0.07m 0.06 m
H 0.15m 0.15m 04m 0.15m 0,15 m 0.14m
Ch 0.52 0.65 0.55 0.44 0.62 0.55
WSA 0.61m* 0.31m? 0.21 m? 0.69 m? 0.32 m? 0.21 m?
Atot ~24.5 kg ~24.5 kg

The results of lla configuration as initial modelling then performed with pentaraman chine hull
form at variation of deadrise angles: 25° 30°, 35°. The first step was modelling an initial pentamaran
which used Wigley linesplan of Yanuar experimental. The second, modified the Wigley hull form with
chine form in the same S/L position. The specifications of both hull form was shown in table 1.
Midship section of Wigley pentamaran and chine hull forms were designed as shown in figure 2 and 3.
Transformation Wigley to chine form with some differences main hull L/B: 12; 13.75; 16.5 in constant
B/T: 2.9 and H/T: 2.1, there are 6 new configurations from the initial configuration. In each deadrise
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angle of chine hull form there are two configurations as shown in figure 4. Each configuration at each
chine hull form is a change in the position of inner and outer side hull from its original position.

Figure 2. Pentamaran Wigley

i
==

o

Figure 3. Pentamaran chine

(a) 25°, R/L:1/16 (b) 25°, R/L:1/33 (c) 30°, R/L:1/8 (d) 30°, R/L:1/14
(d) 35°, R/L:1/5 () 35°, RIL:1/7

Figure 4. Six new configurations of chine hull form

2.3. Meshing Technique
Table 2. CFD simulation properties

Property Fine Mesh
Type of mesh Tetrahedral, mixer
Homogeneous water/air multiphase, K-g, automatic wall function,
buoyancy model —density difference, standard free surface model

Domain Physics

Boundary physics:

Inlet Inlet, volume fraction, turbulence intensity 0.05
Outlet Outlet, relative pressure

side wall Wall, free slip condition

Top Opening, relative pressure 0 Pa

Hull/ Bottom Wall, no slip condition

Symmetry plane Along centerline of the hull

Solver settings:
Convergence criteria Residuary type: RMS, Target: 10-e4
Multiphase control Volume fraction coupling
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[19] and [17] revealed that mesh quality is very important to perform a reliable CFD. Total element
number in the mesh should be large enough to represent the geometry and flow phenomena in the
domain. Physical domains at free surface model for domain boundaries in detailed are provided in
table 2. The mesh settings for element size was repeated 5 times (4.5M, 7M, 9M, 10M and 11M) to
evaluate convergence. For verification, i.e. convergence and the assessment of numerical uncertainty,
processing mesh has been carried out to the total resistance (force) which element size of boundary 0.1
and the hull of 0.005 to 0.003. The meshing results on the model shown in figure 5, which produced
about 10 million elements. [CEM meshing method was selected to produce the mesh automatically.
The mesh generated in ICEM using a low transition options to refine the mesh gradually. Unstructured
tetrahedral elements were selected in the entire domain and hull.

ZaN
(a) Meshing domain (b) Hull meshing detail

Figure 5. CFD mesh analysis results

Total number of elements, mesh size as well as value of Y was considered for several variations of
mesh. The initial mesh created 4.5M elements then increased until to 11M elements with Y' on the
hull ~5. In multiphase flow, volume fraction is considered to prevent a large residual. Repeated
convergence was assumed through normal residuals. The residual RMS of domain required on 1E -04.
The control time step for steady state problems, CFX uses a robust implicit formulation allowing the
large time step can be determined, and accelerate convergence. Time step permits fixed time step size
used for the entire flow domain. The flow was dominated by advection (horizontal mass movement
which resulted in the change) the size of the time step should be scale length divided by the speed
scale [20]. A steady state calculation usually requires between fifty to a hundred-time steps to achieve
convergence. But overall a great time step makes an unstable convergence, otherwise if time step too
small would be very slow convergence.

3. Results and Discussion

Transformation Wigley pentamaran into chine hull form on constant displacement causes the change
of Lwl so the domain changed, particularly, the stern and bow hull forms adjust to the ship length. In
addition to domain size, mesh settings and CFD setup follow the previously described arrangement,
i.e.: mesh size, boundary conditions, time step and convergence controls. From the results of the CFD
analysis and comparison with experimental data was shown in figure 6, which both graphs of total
resistance coefficient (Cr) show similar trend. The difference between the experimental result and
CFD was obtained by the equation (14). The difference average result of the cases was 3.6%, which
shows CFD setup well-defined.

CT.a'.x'p - C‘I‘.CFD

ACp = x100% (14)

CT. gxp
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Figure 6. Comparison of Cy between experimental
and CFD of Wigley hull form

The resistance coefficient results of 6 chine hull forms C+, Cr and Cg were shown in figure 7 — 9,
respectively. The results of C; showed the smallest value was generated from chine 35° R/L:1/14 and
R/L:1/7 with similar trend. The highest average of all chine hull form for C+ occur in 0.2-0.4 Fn. Then,
by increase of Fr the Cr values gradually began to fall. At deadrise angle 35°, it significantly has the
smallest Cr compared to deadrise 25° and 30°. It indicates that increased deadrise angle caused
decrease the Ct value. The average reduction of Cy value as shown in figure 7 with chine 30° to 35°
was about 9.75%, 25° to 30° was about 2.9%, and 25° to 35° was about 12.3%. The frictional
resistance acting on a hull form for experimental refers to equation 4, while in CFX-Post could be
calculated by performing an area integral of the wall shear in the x-direction. In figure 9 shows C¢
graph has similar trend to Cy, where the lowest Cr value generated by chine 35° as well. While the
greatest value of residual resistance (Cg) was shown by chine hull form 35° at R/L: 1/14 and R/L: 1/7.
It means this model has bigger wave resistance component than the other forms.
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Figure 7. Result on total resistance coefficient (Cy) Figure 8. Result on friction coefficient (C)

The Cr graph of Wigley hull form appeared hump and hollow phenomenon, while the chine hull

form there is no significantly increase or decrease of C+ in Fr variation. The drag reduction of Wigley
pentamaran to chine hull form was represented by the equation (15). Percentage of drag reduction
(DRr) results of 6 chine hull forms was shown in figure 10. While the maximum drag reduction
successively to chine form set out in table 3.
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Table 3. Maximum drag reduction of chine hull form

(15)

chine 25deg 25deg 30deg 30deg 35deg 35deg
R/L 1/16 R/L 1/33 R/L 1/8 R/L 1/5 R/L 1/14 R/L 1/7
DR (%) 15,81 15,55 13,80 10,65 20,21 20,38
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Figure 9. Result on residual resist. coeff. (Cr) Figure 10. Percentage of drag reduction (Dg)

(a) Wigley Contours on z/Lpp = 0.035

(c) Chine 30° Contours on z/Lpp = 0.025

(d) Chine 35° Contours on z/Lpp = 0.02

Figure 11. Free surface elevation (reverse side), z/Lpp, of global wave pattern, Fn = 0.7
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The contour of wave volume fraction from CFD simulation at Fr 0.7 for Wigley and chine forms
were shown in figure 11. There are differences contour of wave volume fraction for Wigley and each
chine, which blue colour (a) and (b) shows bigger wave than the dark blue, (c) and (d). It seems that
the hull form of Wigley generates bigger wave effect than chine.

4. Conclusion

The comparison of CFD analysis between Wigley to chine form with inner and outer asymmetric hull
showed the effect of increasing deadrise angle can improve drag reduction. The highest drag reduction
of chine 35° due to the big deadrise angle would be causing unconstructed waves angle between each
hull. Some advantages chine hull form compared to Wigley are:

C+ value tends to be smaller on higher L/B with constant B/T and H/T;
Increasing C+ value not fluctuate with increasing Fr;

The greater deadrise made the smaller Cy;

Drug reduction could reach 20.38 % at the largest angle 35° on Fr 0.2.

The implication for further research acknowledged needs to investigate the effect of the angle of
entrance and stem angle of hull form to the resistance characteristic.
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