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ARTICLE INFO ABSTRACT

Article history: Background: An investigation into the breakdown of resistanaemponents of
Received 26 July 2016 displacement trimaran was carried out numericadipa computational fluid dynami
Accepted 21 September 2016 (CFD) techniqueObijective: A trimaran model consisting of one m-hull with length
Published 30 September 2016 of 1.2m and two symmetric sida#lls with length of 0.5m was tested at vari

configuration between Froude numbers of 0.15 a2¥ @t various lateral spacin
(S/L) between 0.2 and 0.5he CFD investigation was conducted using a comiaile

Keywords: code called ANSYSFX. Individual test on each part of trimaran hulas alsc
trimaran, resistance, CFD, separation, carried out in order to clarify the interferenceepbmena between the hulls m
interference. obviously. Results: Overall results indiate that CFD method demonstratesthat

wider the hull separation, the smaller the interee between the hulls, vice ver
Furthermore, the wider separation (S/L=0.5) indisathe likely n-interference
between the hulls as the result is very clos#n individual test of each hull whe
interference is neglecte@onclusion: Comparative analysis with published data
supports the findings.

INTRODUCTION

The increase use of vessels for carrying cargodspansengers ihas widelygrown up since the last 40
years. Various hull form and configuration has beeweloped and these include the development ob- and
multi-hull types of vesselAmong those vessels, the use of multihulls (catamand trimaran) ha received
considerable attention attributealits better transverse stability and providinglevideck ara compared to the
monohulls (Utamet al 2012 dan Jamaluddiet al 2013). Multihulls demonstral unique resistance
characteristicén a way to reduce the use of energy and in paaticin order to reduce the use of fossil fu

Seveanl work had been carried n the past such as done by Utaetal (2010) who did an investigatic
into the drag characteristics of catamaran fis vessel experimentally and numerically, Saiet al (2011)
carried out a study into the section shape effacthe interference resistance of catamaran, anddijato et
al (2011) investigated the resistance, powering, aatteeping characteristicsriver catamaran and trimar:

Trimaranitself is a type of vesss with 3 hulls and comprises of one maunt placed inside and two si-
hulls with (usually)lower length compared to the m-hull. Several work indicated that trimaran can o
lower resistance at higher speeds compared to nutlachas been reported by Maynaet al (2008) and
Murdijanto et al ( 2011)Further work on trimaran sistance was reported Bamood and D-bo (2011), who
did a study into the resistanoalculationof trimaran hullform using computational fluid dynam.Later,
MuscatFenech and La Rosa (2014) investigated the resistafi trimaran at various configurations
separation and draught.

The work into the improvement of hi-form, including trimaran, have been carried outmsively
worlwide in order to increase the speed in one hamd reduce the energy consumption in the othed
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(Molland et al, 2014). Those work, in particular, explained tiaaran hull form has interesting phenomena, in
term of resistance characteristics, compared toomalis and even to catamarans. The resistancenadirgin,
however, cannot be formulated yet, because the aumbits configuration can be a hundreds. Theenirr
work is attempted to provide such detail informatmn trimaran resistance based on certain confiiguraf
separation and the study is carried out using céatipnal fluid dynamics approach.

Review Of Resistance Calculation:
Resistance of Monohull:

William Froude is known as the pioneer on the préain of ship resistance using a model which is far
smaller than the real ship (Date and Turnock, 1988ude (1872) described that the total ship taste
consists of frictional resistance and residuarystasce, which is dominated by wave resistanceudes
expression is formulated as:

CT = CF + CR (1)

WhereC;is total resistance coefficientris frictional resistance coefficient, afg}is residuary resistance
coefficient.

The approach of William Froude was improved by Hegyfl1954) and Granville (1956), which introduced
the term of form factor in order to take into acebthree-dimensional effect of the ship hull forfihe total
resistance is later grouped into 3 ( three) maimpmanents, namely (lirictional resistance which is a
tangential force created as a reaction betweemtilecules of water and the skin hull of ship andri&nown
as resistance of surface area with comparableas@éength with the ship model, (2) formor pressemistance
arises because of the shape of object and depandkeolongitudinal section of the body and partitef
component is popularly known as form factor (1+ad (3) wave resistance is a form of drag thatctsfe
surface watercraft, such as boats and ships, dledteethe energy required to push the water odhefway of
the hull and this energy goes into creating theavav

The description is formulated mathematically as:

WhereCyis wave resistance coefficient, (1+k) is form fac@nd1+k) Cris viscous resistance coefficient
which later expressed é5+C,)).
The value ofrmay be estimated using ITTC-1957 correlation line:

_ 0075 A3)

(log(Re)-2)°

Furthermore, international standard by ITTC-197&l&hd et al, 2011) practically classified the total ship
resistance into 2 (two) major components: viscoesistance as a function of Reynolds (Re) number and
waveresistance as a function of Froude (Fr) nunalmer the correlation between the 2 (two) components
formulated as:

=

Rr(er, re)= RwEent Rurer RwEnt (14K) () Rere) (4)

Later the resistance components are broken downfimther details and including spray, wave bregkin
transom drag, induced drag, etc (Couteal, 1997) and shown in Figure 1.



67 Richard Benny Luhulima et al, 2016
Australian Journal of Basic and Applied Sciences,d(14) September 2016, Pages: 65-73

Total, Ct
[ I |
Residuary, Cr Skin friction, Cfo
(equivalent flat plate)
Form effect on
skin friction
I—I
Pressure, Cp Friction, Cf
(normal stress) (tangensial stress)
I
Viscous pressure
I I |
Induced drag Wave, Cw Transom drag Viscous, Cv
Wave breaking
and spray
I—I
Wave pattern, Cwp Wake Resistance
| I
|
Total, Ct

Fig. 1: Breakdown of resistance into its components (Coeisal, 1997)

Resistance of Trimaran:

Resistance of a trimaran can be calculated fromr#éiséstance of each individual hull (mainhull and
sidehulls). However, when the three hulls are comtbitogether and forming a trimaran, its totalstasice is
higher than the summation of individual resistaritlee difference is attributed to resistance interfiee or
interaction. Certain formulation to calculate tlmat resistance and its interference is not avaigiet, but
simple expression by Pien (1976) and JamaluddihZpthay be used and formulated as:

IF =2 ()

Rt

Where IF is interference factor;Rs total resistance of trimaran configuration, &hd is total resistance
of individual hull forming a catamaran.

Material And Methodology:

The investigation was conducted numericallyusingdCapproach and a commercial CFD code called
ANSYS CFX was applied. The body plan of ship waevah in Figure 2 showing main-hull and side-hull,
whilst the position of main-hull and side-hull innbaran configuration was shown in Figure 3. Fumhare,
principal particulars of ship together with thertaran configuration and variation of test were giire Tables 1
and 2, respectively.
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(b)
Fig.2: Body plan of model: mainhula) and sidehull (b)
Fig. 3:Trimaran configuration
Table 1: Principle particulars of trimaran ves:
Particular Trimaran vessel
LOA m 74.14
LPP m 72.09
LOA sidehul m 62.639
LPPsigehul m 60.177
Bmainhui m 9.91
Bsidehul m 5.71
B (S/L=0.2) m 34.55
B (S/L=0.3) m 48.98
B (S/L=0.4) m 63.38
B (S/L = 0.5) m 77.94
H m 7.16
T m 3.951
WSA m? 1367.93
Displacement ton 1440.00
Table 2: Configuration and Various Speed of 1
Froude Numbers (Fr) Clearance (S/L)
0.15,0.17,0.19, 0.21, 0.23, 0.25, 0.27 0.2,0.3,0.4,05

CFD Analysis:

Computational Fluid Dynamics (CFD) technique, efaying degree of complexity, may be used to pte
the fluid flow problems such assistance compone (Jamaluddin, 20123nd the performance of CNG eng
(Balaji and Selvakumar, 201@p term of shp resistance, in particularpgential code may be applied to der
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the pressure resistance due to inviscid flow charestics (wave pattern resistance). The boundaperl
intergral method may be used to estimate the bayridger growth in areas where separation and Iziticun

do not occur. The method would provide some insighd the pressure form drag. Full Reynolds-Avethge
Navier-Stokes (RANS) codes may be used to pretietfiow where separation and circulation occur,sthu
potentially providing good estimates of form factmmd possible scale effect; however these methogls a
extremelly computationally intensive, particulafty the computation of high Reynolds number flow.

CFD is presently being widely used as these advhtemhnologies take advantage of the increasingdspe
of computers. CFD is defined as a technique foringalhydrodynamic calculations to predict the basic
phenomenaof specific flow problems (Morgan and Lifi87). CFD may also be explained as an analysis of
systems involving fluid flow, heat transfer and @sated phenomena such as chemical reactions bpsraa
computer based simulation (Versteeg and MalalageR&07). The technique is very powerful and spawide
range of industrial and non-industrial applicataeas. These include mixing and separationin ct@miocess
engineering, flows inside rotating passages indurachinery, calculation of lift and drag in aerodynics of
aircraft and vehicles and hydrodynamics of shipsthie past decade, many efforts have been devotéuet
development of mathematical models for CFD andctqgabilities ofthe models in predicting equipmeduidf
dynamics have often been assessed through the dsmpawith experimental data (Sasikumar and
Vijayakumar, 2015).

CFD analysis was carried out in order to figure thet flow movement phenomenon thus contributeseo t
decrease of total resistance. Several work onehistance investigation have been done such astedpoy
Utama (1999), Utama and Molland (2001), Subramaataad (2006), Siqueiraet al (2007), Denget al (2010),
and Jamaluddiet al (2012).

The boundary conditions are set as follows as stgdeby Utama (1999) and Ahmed and Soares (2009).
The inlet boundary, located at 1.5L upstream frbenghip, is defined as a uniform flow with velocdtyuals the
ship velocity. The outlet boundary, at a locatidmb downstream from the ship, is given as that fhessure
equals the undisturbed pressure, ensuring no apstpFopagation of disturbances. Furthermore, tetadce
with two sides of boundary is made 1.5L and distanith top and bottom boundaries is set 2.5L. Tdwnolary
condition at the hull surface is defined as no-bljundary and at the (parallel to the flow direg}iborizontal
and vertical walls bounding the flow domain as fséip boundary. Details of the desciption can bensm
Figure 4. The investigation was conducted withontl avith free surface effect in order to quantifye th
contribution of wave resistance to the total resise.

outflow
-
-«

—

—-(inflow

Fig. 4: Setting of model and boundary conditions in CFEndmn

The Reynolds-averaged Navier—Stokes equations @NRequations) are time-averagedequations of
motion for fluid flow. The idea behind the equasois Reynolds decomposition, whereby an instantaeo
guantity is decomposed into its time-averaged dnckfating quantities, an idea first proposed by@se
Reynolds. The RANS equations are primarily useddscribe turbulent flows. These equations can lee us
with approximations based on knowledge of the prigee of flow turbulence to give approximate time-
averaged solutions to the Navier—Stokes equatibos.a stationary, incompressible Newtonian fluitese
equations can be written in the following notat{&uguation 6):

— 5'&-# o = 3 _ 5?13 ﬁﬁ_‘] ] (6)
piL; 9e; = pf; o2 [ Pdi; +1u(amj + ami) pu,-uj-}
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Among all turbulence model, the SST model was ufdwd SST two-equation turbulence model was
introduced by Menter(1993 and 1994) to deal with $lrong free-stream sensitivity of the k-omegaulence
model and improve the predictions of adverse presgradients. The formulation of the SST modelasda on
physical experiments and attempts to predict smistito typical engineering problems and given indipn
(7). Over the last two decades the model has biéere@ to more accurately reflect certain flow citiods. The
Reynolds Averaged Eddy-viscosity is a pseudo-foaod not physically present in the system. The two
variables calculated are usually interpreted thus the turbulence kinetic energy and omega isréte of
dissipation of the eddies. Furthermore, the SST ehb@s been used and validated by several resesrche
including Bardineet al (1997), Swennberg (2000),and Mahmood and De-bd1(P@ith successful results.

a(pk)  8(pusk) 8 [ ak}
=P — B pwk + — i) —
o oz, B* pwk + oz, (e + orpe) oz, @

RESULTS AND DISCUSSIONS

Grid independence and convergence criterion:

Grid independence study was carried out in ordertdltal resistance to comply with the convergerma a
grid-independence criteria. The convergence coiteis 10°, based on momentum residual, as recommended by
Dinham et al (2008). The criterion of grid independence is wedi such that the difference between two
subsequently calculated ship resistances, the lzdteulation using a number of cells (elementgragpimately
twice of that used in the former, is less than Z¥derson, 1995). To illustrate this, Table 3 shansummary
of ship resistance calculations using different hamof elements. In this case, using a numbererhehts of
1,582,580(or approximately 1.6 million) in the siation satisfies the grid-independence criterionsteed
above.

Table 3: Grid Independence Study

Number of grid 50,822 102,620 202,162 408,291 82,7 1,582,580 3,075,830
Resistance (N) 4.065 3.368 2.884 2.563 2.360 2.262 2.219
Percentage of Difference 20.684 16.793 12.546 18.58 4.332 1.938

Total, Viscous, and Wave Resistance Coefficients:

Likely the experimental investigation, the valuésla-k’ within CFD analysis can be found by condertta
low speed test whereyloses to zero hendé+k)=C+/Ck. In this case, the method of Prohaska (ITTC 1978,
2002; Bertram 2000) may be used:

C,=[1+k)C, +aFr" ®)

It is assumed thaC, = aFr"for low speed test (generallifr< 0.2), anfbrm factor (1+k)can be
calculatedthrouglstraight-line plotbetweelC/CrandFr*/Cecoincides afr=0, and the values af= 4 — 6 and
generally used as n=4 (Mollaredl al, 2011).

The results CFD investigation were summarised iblda4 to 6 and plotted in Figure 5 showing the
magnitude of each resistance components at vaspesds (Froude numbers) and separation to lengjth ra
(S/L).

Table 4: Total resistance coefficient estimation

Total Resistance Coefficient
Fr Trimaran Hull S/L=0.2 S/IL=0.3 SIL=0.4 /LS 0.5

(x 10%) (x 109 (x 109 (x 109 (x 109
0.15 4.170 4.491 4,391 4.291 4.120
0.17 4.158 4.848 4.647 4.458 4.162
0.19 4.423 5.258 5.003 4.803 4.433
0.21 5.035 5.965 5.446 5.265 5.135
0.23 5.608 6.295 6.195 5.947 5.618
0.25 5.801 6.443 6.393 6.293 5.911
0.27 5.765 6.653 6.533 6.333 5.825

Table 5: Viscous resistance coefficient estimation
Viscous Resistance Coefficient

Fr Trimaran Hull S/IL=0.2 S/IL=0.3 S/IL=0.4 IL$ 0.5
(x 10%) (x 109 (x 109 (x 109 (x 109

0.15 3.206 3.241 3.221 3.212 3.209

0.17 3.192 3.234 3.214 3.204 3.196
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0.19 3.170 3.174 3.174 3.194 3.161
0.21 3.111 3.149 3.149 3.186 3.116
0.23 3.097 3.139 3.139 3.163 3.103
0.25 3.080 3.151 3.121 3.121 3.091
0.27 3.094 3.075 3.105 3.106 3.064

Table 6: Wave resistance coefficient estima
Wave Resistance Coefficie

Fr Trimaran Hull S/IL=0.2 S/IL=0.3 S/IL=0.4 S/IL=0.5
(x 109 (x 10%) (x 10%) (x 10%) (x 109
0.15 0.964 1.251 1.170 1.080 0.911
0.17 0.966 1.614 1.433 1.254 0.966
0.19 1.253 2.085 1.829 1.609 1.272
0.21 1.924 2.816 2.297 2.079 2.019
0.23 2.510 3.156 3.056 2.784 2.514
0.25 2.720 3.291 3.272 3.172 2.820
0.27 2.671 3.578 3.428 3.227 2.761

It is apparent that as the spacing (S/L) increabesresistance interference decreases and thisgsod
agreement with the work done by Insel and Mollah€l9@), Utama (1999), and Jamaluddin (2012). It
shown that the total, viscous and wave tances at the highest spacing (S/L=0.5) is nehdysame as the tof
resistance of individual trimaran when the intezfere is not taken into consideration. It is andation that the
interference tends to be zero or unity at the widpacing Thisffact agrees well with the work done by Cou
et al(1997), Utama (1999), Utama and Molland (2001)d damaluddin (201z

If searched more closely, it is apparent that tital tresistance interference was about 2%, whilsi
viscous resistance inter@aice and wave resistance intereference were a4t @nd 4%, respectively. It is .
indication that wave resistance interference isenttrminant than viscous resistance interferencehaib tend
to be zero or very small because the hull of catamis quite slender (L/B maihull is about 7.5 and L/B si-
hull is about 11). In addition, the interferencads to increase as the speed increases and thisilgited tc
more intensive (especially wave) interference, Whgccreated at higher spee
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Fig. 6: Plotted ofresistance coefficies of trimaran

Conclusions:

The current study has densirated the use of Cimethod into the breakdown and analysis of trimi
resistancejuite successfully. It is obvio that the resistance interference decreases apdloeng or separatic
between the hull increases. The resistance intréeris dominated by wave resistance interferesue 1ot by
viscous resistance interference). This is due ¢cstenderness ofe hull in one hand, and the creation of m
excessive wave (and hence the wave interferendegjla¢ér speeds. The wave resistance interferenteilwoted
about 4% effect on the total resistance, whilstviseous resistance interference is only ab.1%.



72 Richard Benny Luhulima et al, 2016

Australian Journal of Basic and Applied Sciences,d(14) September 2016, Pages: 65-73

The overall results showed that the widest separatan give almost the same resistance and hemegr po
requirement. This is a good indication that trinmcanfiguration can give lower resistance than nhaticof
similar displacement in order to reduce the usessil fuels and the effect of toxic gases intodlmosphere.
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