Design of a 142m RoRo-Vessel
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ABSTRACT

In early 2008 FSG has started to design a 142m RaRo-vessel intended to operate in the Irish Sha.
layout of the ports of call restrict the length atite draft of the vessel significantly (LOA<=142m,
T<5.2m). So the hullform design of the twin-scregsel with it's four decks and a design speed of 21
knots (FN=0.29) was very challenging resulting inrelatively high block coefficient. Using FSG’s
potential flow CFD-methods and simulating dozenbuwf forms this target has been reached with armai
engine power of 2x8000 kW only. This is a saving080kW compared to an other newbuilding operating
on the same route, equipped with 3 decks only.

In order to optimise the wake field to achieve aoeptable propeller cavitation pattern and low icdd
pressure pulses, the appendages have been arrangether with TUHH using RANS-methods. Various
arrangements have been simulated in an early destigge before the model tests. The angles of tier in
and upper shaft bracket have been aligned to tbe ih order to minimise velocity gradients in the
propeller plane. Also the shape of the stern tudelieen optimised in order to improve the wake fiel

The results of the wake field measurements agresidwith the computations so that RANS appendage
optimisation will become a FSG-standard as wavéstasce optimisation has been for more than 10 gear
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INTRODUCTION

In early 2008 FSG has started to design a 142m Rwigo-vessel to operate in the Irish sea (Figurel'ti¢ layout of the

ports of call restrict the length and the drafn#igantly (LOA<=142m, T<5.2m). The main dimensioae summarised in
Table 1. These restrictions made it challengingrtavide a capacity of approx 2150 lane meters mhination with a fuel

efficient hull form design. In order to accommodatgrox. 150 trailers, four cargo decks are fones&be ship is loaded
and unloaded via a wide stern ramp on main deck.

The propulsion plant is designed as twin screwngeanent driven by one 8 MW four-stroke diesel eagier propulsion
train including controllable pitch propellers. Inder to improve the propulsion efficiency and toéda sufficient cavitation
free rudder angle range, the rudder design is wstew, full-spade type. To avoid a cavitating hulstex the design of the
high-lift rudders includes a Costa-bulb.

Table 1: Main dimensions

LOA 142.00 m
B 25m
TDesiqn 52m
Capacity 2150 Im
V besign 21 knots

In order to achieve a good slow speed manoeuvialilio bow thrusters are foreseen which provide ibeessary cross
forces in combination with the two high lift rudder

During the design process the hull form has beeimiged in order to minimise the resistance. This heen done iteratively
with feedback to the general arrangement plan &edweight distribution. On the one hand it is usuaf advantage
regarding resistance and seakeeping behavioursigrdéhe vessel with the longitudinal centre ofvifsasignificantly aft of
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the main frame. On the other hand an exaggeratimafslto blunt aft bodies. Therefore the decks hbaséeen placed at the
bow.

Because of the relatively high block coefficientias essential to focus not only on the wave makésgstance but also on
the wake field. A bad wake field does not only urfhce the comfort level in means of noise and titoma but indirectly the
propeller efficiency leading to a higher fuel comgion. Therefore a number of appendage arrangenteste been
analysed using RANS-methods. The most promisingants have been tested in the towing tank includirake field
measurements. For the integration of RANS-methodke design process a new process chain has iogémented.
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Figure 1. Sideview

HULLFORM DESIGN

Based on FSG's specific numerical and experime&xjatrience with RoRo-vessels, the hullform wasmised for a speed
range from 19 to 22.5 knots for the design drawdgti.2 m. Furthermore lower speeds and lighteritoadonditions were
considered during the hullform design process. @éwifferent hullform alternatives were evaluatedrying

* length, volume and shape of the bulbous bow

« position of forward and rearward shoulder

e bilge radius

« shape and arrangement of aftbody tunnels

< transom shape, immersion and buttock slope offthedy

¢ location of knuckle lines according to the streawedi of the flow.

Care was taken for both a minimum of wave resigafexpressed by the generated wave pattern) asawdilarmonic
pressure gradients. Besides, the wetted surfacekemtsas small as possible. FSG uses the non-lpatantial flow panel
methodKELVIN for predicting the wave resistance, taking intocamt dynamic sinkage and trim. The results arseuried
as plot of wave contour and pressure distributiBELVIN is integrated in FSG’s ship design systEr as part of the
implemented process chain from hullform geometfiniteon over grid generation to CFD and post-presiag.

The results of the CFD computations show the very Wwave making of FSG's design for both the trarsaleand the
longitudinal wave systems. This leads to a very leawve making resistance and consequently alsoltovavake wash.
Minimizing transversal waves reduces the wave t&sce significantly, although transversal wavesdiffecult to observe in
the towing tank.

Details of the hull form design and optimisatioe ariefly described in the following sections.

Length, Volume and shape of the Bulbous Bow

FSG's concept for bulbous bow design is that thle blaould generate an extreme low-pressure zoraddon the bulbous
bow top. This low pressure zone (which generatggrficant wave through) reduces the height ofttber wave. Whether a
specific bulbous bow design will generate a lowsptee region depends mainly on the vessel's sfmegth and volume of
the bulbous bow. To support the downward flow af #treamlines, the inflection points of the innattéicks are located
exactly in the stream lines. Figure 2 shows thesquree distribution of the present bulbous bow dedigr ballast conditions,
the bulb was designed such that it will act asaasklongated waterline.



Cp-max: 1.000
Free Waves Pressure Distribution Co-rine-0.264

Figure 2: Pressuredistribution at bulbous bow

Forebody: Interference of Wave Systems

The position of the shoulder was selected fromnopitn interference between bow-generated and shegitearated wave
patterns. As the bow-wave is influenced stronglyh®y/stem shape and the bulbous bow design, ttigoposf the shoulders
has to be selected individually for each speciésign.

Figure 3 illustrates the good interference of bamd forward shoulder generated waves: the longialdivave pattern
generated by the forebody in the resulting wakeeisy small. Besides, the pressure gradient is haised, so viscous
resistance will be a minimum due to a harmonic flow

Figure 3: Wave pattern at 21 knots

Aftbody: Stern Tunnels, Transom Shape and | mmersion

Several alternatives of aftbodies were analyseghohtant factors besides minimum wave resistanceewew propeller

induced pressure fluctuations on the hull, a haimearake field for the propeller and intact- as wa#l damage- stability
requirements.

For typical RoRo and RoPax hull designs a largeesbéthe wave resistance is generated by theueasal stern waves.
While in model tests and ship operation stern waaresa lot more difficult to target than the vidyahore pronounced
longitudinal wave systems, CFD analysis allows dogood insight and thus optimisation of this impottpart of wave

making and resistance.

The aftbody design features a twin tunnel arranggnvehich allows for increased tip-clearance abitnepropeller and thus
low propeller induced pressure fluctuations. Thepsl of the aftbody buttocks was optimised with ®o@n harmonic

pressure gradients in order to avoid flow sepamnatiod allow for a harmonic wake field as well asimum resulting stern
waves.



Model Test Results

To verify the power prognosis and to compare thiéoua appendage design variants, model tests hase performed at
HSVA.

The results demonstrate, that the target to desigessel with a low fuel consumption in combinatiith an acceptable
wake field has been reached. Figure 4 shows theevgamttern under design conditions which is comparab the
computational results. In order to get an imprassibthe hydrodynamic quality of the hullform desighe power demand
has been compared to similar vessels by HSVA (sgerd-5). Three designs in HSVA’s database have ligentified to
have nearly the same ship lengths and block caefii€. For the purpose of comparison the power ddrhas been adapted
to the displacement of FSG’s design. The diagraearbl shows that FSG’s hull form design leads wigaificantly lower
power demand (approx. 20%) than all comparableel®sa the database especially in the speed rafige 23 knots.
Considering actual fuel prices this results indurtion of operational costs of 1.5-2 Million U$8&r year .

The results of the wake field measurements arerithesicbelow.

Figure 4: Photo from model test at 21 knots
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Figure5: Comparison of power demand

RANS-CFD Analysis of Appendages

The appendages, namely shaft line, shaft bossidglaaft bracket arms, are analysed with the helRANMS-CFD methods.
In the following the motivation for RANS-CFD anailyss described, followed by the description of thenerical model
used for the computations. The section concluddél wipresentation of the achieved results and coeapdoem with
measurements from the towing tank.

Motivation for the RANS-CFD Analysis

The aspect of vibrations is a crucial point in mostdern designs of RoRo-ferries. The main sourceifrations on board

of ships is the propeller as it is working withiahomogeneous inflow. Especially in the area oftthelve o’clock position

the inflow speed is decreased which leads to highgles of attack for the propeller blades. Thidsen higher loads on the
propeller and the ships hull. Concerning twin-scresgsels the disturbances of the propeller inflovraainly generated by
the shaft line, shaft bossing and shaft bracketsaand not by the hull form itself. Therefore, thesign of the shaft line
needs not only to fulfil the requirements of medbah strength and functionality but also the regments of

hydrodynamics. The shaft bossing and the brackes &ave to be aligned properly to avoid unnecessiatyrbances of the
propeller inflow.

The fluid flow around a bare hull is mainly drivdéry potential flow effects. Therefore, the overallllhdesign can be
efficiently and accurately analysed and optimiseth ywotential flow methods. For the analysis of thake field viscous

flow effects like the development of the viscousihdary layer and of vortices become more importahtis, RANS-CFD-



methods have to be used for the analysis of afilele around the appendages.

For the optimisation process the quality of the evéikld has to be quantified. A wake field of a daquality should lead to
low pressure pulses. Thus, one method for the tyuatialysis is the measurement of pressure pulséeeicavitation tunnel.
These investigations are performed for every ptogd-SG in later design stage. But, the cavitatiomel tests require a
model and are therefore not very useful in theyedekign stage. Another method is the numericahatiobn of the pressure
pulses. The inhomogeneous wake field is used a iffqp a propeller computation. This of course lieggian available
propeller design and the wake field has to be detexd. A cruder but faster method, which can belusehe early design,
is the use of a wake field quality criterion. Thepast several criteria. The most of them are base@n averaging of the
variation of the axial inflow velocity. The criten used in the present work was developed by Farbad Kriger (see
Farbach 2004) and is based on the velocity gradiedtthe variation of the angle of attack on alsipgopeller blade during
one turn. Thus, not only the axial but also theiaiadnd tangential velocity component are used,clwvhs an advantage
compared to simpler models.

Set-Up of RANS-CFD M odel

In order to use RANS-CFD methods efficiently in thkip design process, the process chain for the REND-
computations itself has to be optimised. At TUHH/esal tools are combined in a process chain, whiltbws the
computation of the ships model wake field in timemnie of a few hours starting from the geometnhsn€AD-system.

This process is divided into three steps as itosedusually for CFD-computations: pre-processimgc@ssing and post-
processing. These steps are further divided into taps then. The optimised process chain shouldsbautomatic as
possible. The necessary user input should be keatrminimum, as this is always time consuming aotmtial source of
errors. In the past the processing step was sedheamost crucial one. With increasing computatigmaver and the
development of the RANS-CFD-codes in the last decadpecially the possibility to parallelise thenpamitation on several
CPUs, the processing has become faster and mdie.dBut in the same time the pre-processing haslexeloped with the
same speed. For RANS-CFD methods the pre-processipgitself consists of two sub steps: the geiweraif the finite
volume mesh and the set-up of the CFD-computatMmereas the second sub step is usually performtutiframe work of
the RANS-CFD-solver itself is the first sub step filore complex geometries often done in separashrgeneration tools.
Hence a data transfer of the geometry from the GA&iem used in the original design process to tashngenerator is
required. A data transfer is usually a criticalgan process chain. In addition this data trangfe#s normally hand in hand
with an adaptation of the geometry to the need€Rb-computations. Thus, one could introduce a teut step at the
beginning of the CFD-process: preparation of thengstry.

In order to speed up the RANS-CFD process the fhassto be on the first two sub steps: the prejoaraif the geometry
and the mesh generation. These to steps are dedéribdetail below followed by the set-up of the N&solver and the
post-processing. Further details can also be fauMbrhoelter, Krueger 2007.

Preparation of the geometry: As mentioned above there is often a need for atdaptd a geometry from a CAD-system
shall be used for CFD-computations. In the preseark E4 is used as ship design system. As E4 islyndeveloped by
FSG and TUHH it was possible to develop a new geégnexport which is based on a triangulation of gle@metry surfaces.
The use of a triangulation instead of advanced gdgndescriptions has the advantage that geoménoaes different
sources can easily be combined. For instancepibssible to use the deformed free surface fronrakelt of potential flow
computation as boundary for the RANS-CFD domainetogr with the hull form from the CAD-system. Addital
geometries like a cap on the stern tube, whichnig needed for CFD without propeller and therefoot part of the normal
geometry design, can easily be introduced intaribdel. In Figure 6 a snapshot is shown of the giidatted hull with cap on
the stern tube and cIipped/fLee surface.
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Figure 6: Triangulation of the appended hull with stern tube cap and free surface



Finite volume mesh generation: For the mesh generation the automatic finite volunesh generatdlexpresss used. The
advantages dflexpresscompared to block structured mesh generatorshatend blocking has to generated or adapted to the
geometry and no cells with extreme aspect raticgarerated. The advantage compared to other atitomesh generators

is, that the grids are fully hexahedral which helps numerical descritisation of the Navier-Stokgsations. The total time
for the mesh generation is about 15minutes on avCan Intel CPU with 2.33GHz and 4GB RAM. In Figu7 snapshots

of the meshed domain and the surface mesh on tHaulhfare shown, which show the typical charastes of Hexpress
meshes.
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Set-up of RANS-CFD-solver: As RANS-CFD solveCometin version 2.3 is usedCometis a well validated tool for marine
CFD purposes. The computations are performed steadythe equations are iterated until the residaaés reduced
significantly. Turbulence is modelled with thewkSST turbulence model. In order to decrease thebeurof cells in the

mesh wall functions are used on the boundary ohtheto model the viscous boundary layer. In a@ddithe computations
are performed in model scale. Thus, computatioaslilits can directly by compared to the measurenfents the towing

tank. The free surface is not modelled in the RABDFI computations. This is done for two reasonsstRhe effect of the
deformed free surface on the wake field is nedi@i®econd the modelling of the free surface woelglire an additional
computational effort which is not balanced by tlaéngf knowledge. Instead the solution of a potgritow computation of

the free surface is used as boundary

Post processing: In the post processing the velocity field is read at the same read out points in the propeli@nglhich
are used for the measurements in the model babirs, Ta direct comparison of the measured and cadpuéke fields is
possible. The wake fields can be analysed witls#imee tools and both be used as input for propedieputations.

Results

Several designs of shaft line and shaft line bassiwere investigated. For three variants resuks mesented in the
following. The first design (variant 1) is the tigppendage design, which was tested in the toteink for this project. The
second one (variant 2) is one of the variationsetimed from the first one using the informationngai from the CFD-
results. All variants were tested with CFD, butyowhriant 1 and 2 were tested in the model badie design of the shaft
line of variant 3 is similar to variant 2, but thleaft bracket arms are also modelled in the CFDgetation.

Variant 1: Initial design: In the first step the results of the RANS-CFD caomaion are compared to the model test. As the
CFD-computations are performed with a free surflaom a potential flow code, a difference betweea domputed and
measured resistance has to be expected. But it catibat the difference between the measured anmgbated resistance is
less than 1%. The two wake fields are shown in fieidu All wake fields presented are for the paitesif the vessel and seen
from the aft. The contours indicate the axial vi#joahereas the arrows indicate the velocity in phhepeller plane. It can be
seen that the qualitative and quantitative coinuigebetween the results is very good, althouglshiaét bracket arms, which
are present in the model tests of course, are odielied in this first computation. The major diface can be seen in the
thickness of the boundary layer, which is thickethie computation. This is an effect which canmofhe observed in CFD-
computations and is an object of further invesiayet. Another difference is the shadow of the shiaé at the one o’clock

! The floating condition (sinkage and trim) is alaken from the potential flow computation.



position, which is more pronounced in the CFD redladn in the measurement. The coincidence is sitgmvn by the
analysis of the wake field which is presented ibl&€2. The mean velocities are normalised withrtiealel speed and the
differences with the results from the model teste@an see that the wake field quality and thestasce are captured very
well, as the differences are less than 1%. Thdivels large difference in the wake number can kplaned by the large
zone of deceleration at the eleven o’clock posjtihich is not so pronounced in the CFD result.tfienmore the wake
number is small which makes it more difficult toptae it correctly. This is also the case for thertical velocity
component.
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Figure 8. Measured (left) and computed (right) wakefield for bossing design variant 1

Table 2: Analysisof measured (Exp) and computed (CFD) wakefieldsfor variant 1 and variant 2

Difference Difference |Difference
Variant 1 [%] 2 [%] [%]
Sour ce Exp CFD CFD1-Expl |[Exp CFD CFD2-Exp2 [Exp2-Expl
Radial quality factor 0,9801 0,9831 0,31 0,9824 0,9794 -0,26 0,24
Circumferential quality facto 0,7243 0,720( -0,59 0,7464 0,7474 0,16 3,05
\Wake field quality factor 0,7098 0,707¢ -0,28 0,7332 0,7324 -0,10 3,30
Nominal wake number axial 0,0812 0,0979 20,65 0,0834 0,089¢4 7,19 2,97
Nominal wake number total 0,0810 0,097¢ 20,76 0,083 0,089 7,26 3,00
Mean velocity horizontal -0,05p4 -0,0544 -2,87 -0,056¢ -0,0524 -7,21 0,23
Mean velocity vertical 0,0565 0,069( 22,06 0,0534 0,070¢ 32,19 -5,31

For the optimisation of the appendages the preadistebution on the surface of the shaft line atéft bossing is used.
Additionally the section plots of the velocity fiehre used. Figure 9 shows the pressure distribatiothe appendages for
the first design. The pressure is normalised withdtagnation pressure. The left side shows ther iand the right side the
outer side of the shaft bossing. The relativelgdaareas of low-pressure (red colour) indicate tt@bossing is not properly
aligned in the fluid flow. This can also be seerFigure 10 where a section short before the enth@fshaft bossing is
shown.
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Figure 9: Pressuredistribution on theinside (Ieft) and outside (right) of the shaft line, design variant 1

% The vertical velocity component is also affectgdie trim which is not necessarily the same ferrtreasurement and the
computation.
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Figure 10: Vdocity field abovethe stern tube variant 1

Variant 2: Improved shaft bossing design: With the information gained in the first computei$ the geometry of the shaft
line bossing is modified and especially alignmenthie direction of the fluid flow. The pressuretdimution (see Figure 11)
is smoother than for the first variant. The comgami of the wake fields shows the area of minimisadcity at the twelve
o'clock position could be reduced. The peak valutn® normalised axial velocity is increased from®to 0.42. The wake
field quality factor is increased from 0.708 toEBAvhich is a increasing of 3.3%. Experiences faiher project at FSG and
TUHH show, that this increase of the wake fieldlijyalready reduces the risk of cavitation and léneel of pressure pulses
significantly.
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Figure 11: Pressure distribution on theinside (left) and outside (right) of the shaft line, design variant 2

The optimised appendage design was tested in thiegdank. The measured wake field is shown in FBgl2 on the left
side. The coincidence between the measured ancbthputed wake field is good again. Differences lsarseen mainly at
the development of the vortices above the shadt But this is on the inner radii which are of mimterest concerning the
pressure pulses. The resistance was slightly reduget the propulsion test showed that the shaftggoneeded for the
design speed remains the same. This has to seesitavg result, as the wake field quality is impedvwithout negative
effects on the propulsion efficiency.
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Figure 12: Measured (left) and computed (right) wake field for improved bossing design variant 2



Variant 3: Improved design with shaft bracket arms: In order to improve the alignment of the shaftchet arms a

numerical model with bracket arms is generatedureid.3 shows the pressure distribution on the fyilgended model.
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Figure 13: Pressure distribution on theinside (Ieft) and outside (right) of the shaft line, design variant 2

From the pressure distribution one can see thagrupgacket arm is not properly aligned, whereasinher arm fits to the
fluid flow.

Conclusionsfor RANS-CFD Computations
A process chain was presented which allowed thedwgment of the appendage of ferry during the depigase. Several
appendage design have been tested in the numarigialg tank. The design process could be shortatl thie help of
RANS-CFD and costs for additional model tests cdaddspared. The coincidence between the CFD-cortiqmgaand the
measurements from the towing tank is very well. Goality of the wake field could be increased withincreasing the
resistance or decreasing the propulsion efficiency.

CONCLUSIONS

In this paper a new FSG RoRo-ship design has beerduced with focus on power demand and wake .fiaklthe ship
dimensions are limited it was challenging to desagressel with a low fuel consumption at relativieigh Froude numbers
combined with a high block coefficient. An additadrchallenging demand was to design the aftbodythedppendages in
such a way that the wake field gives the opporyusitdesign a efficient propeller causing low nasel vibration levels.
Therefore the hullform has been optimised usingmtial flow methods in order to minimise the remigte and consequently
the propulsion power. Parallel to the resistancénogation process, RANS-computations have beeredonanalyse the
wake field. Various aftbody designs including diffet appendage configurations have been analysed viscous flow
simulations. The quality of the resulting wake deelhas been analysed using wake field quality factbhe results of the
computations have been compared to model test data.

The results clearly show, that combining FSG’s déad optimisation process using potential flow methwith RANS-CFD
for the optimisation of the wake field leads to dguedictions of the wave pattern and the wakel fighe advantages of
each of the both methods have been taken: tharfastobust potential flow method enables the desigmoptimise the hull
form efficiently while the more costly viscous flosemputations give an better inside into the flatails where necessary.
To integrate the RANS-computations in the practiadign process a new process chain has been deseio order to
minimise and standardise the modelling effort.

For the ship design described in this paper a fitgimt power saving has been achieved (approx. 2@9)pared to similar
vessels. This fact clearly indicates the potemtidhe optimisation process using boundary elemethods.

The appendages have been designed using RANS-Methite described method delivers computed wakesfiglith
sufficient accuracy for practical ship- and bagiopgeller design. To achieve maximum benefit a nevegss chain has been
implemented. The development of faster and mofdestRANS- and pre-processing methods in the regeats and a new
process chain make it possible to integrate appgndpgtimisation in FSG’s standard design process.
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