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1. Introduction

Energy efficiency and environmental sustainability ar@datory requirements in theesign,
developmentand operationof shipsnowadays For example, the energy efficiency design index
(EEDI) is mandatory for new ships aheé ship energy efficiency management plan (SEEMP) is
required for all ship§l-2]. The research area considering fuel efficiency of ships can be divided into
four main themes: engine and propulsion efficiencies, alternative renewable resources and ship
resistance reduction3). Regardng the ship resistance reduction, which is the focusttué study,
many innovations have been made, among others those utilappendages. The most successful
application ighe socalled Hull Vane®, invented by van Oossanen in 1992 and patented in 2002.

When applied to a shighe Hull Vane® can generate an additional thrtietrebyreduangthe
bow-up trim andreducingthe generation of waved~urthermore,icanr e duce t he vesse
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in waves, leading to a higher comfort level for the crew and passergeccessful applications were
reported when a Hull Vane® was applied to a 108 m HolZlads OP\Reside resistarereduction,
other benefits include lower vertical acceleration, an increased sailing range and increased top speed
[4-5]. Better seakeeping performansewnerealsoreporteddue to Hull Vane®s a p p tofexiest i o n
and ropax vesselfs].

Comparinghe performances of the Hull Va@ginterceptors, trim wedges and ballastintlizing
CFD simulationghe Hull Van®was found to bethe most efficient device in reducing the ship
resistance and in improving the seakeeping performdtelhe resistance reaction reached 32.4%
in the Foude-number range 0.2 < Fr < Oufhile inthe higher Froudenumber rangg0.6 < Fr < 0.8),
the resistance reduction was approximately betweer1P9%.

The Hull Vane®as beerapplied to different types of vessel, such as sgiliachts, motor yachts,
supply vessels, container ships, cruise ships an reesselsand t was found that in certain
applicatiors a resistance increase was fouralilk carriers and crude oil carriers are not suitable for
HullVane® s a p p | i sapply vesselissferriesiar patrol vessais.

The Hull Vane® should not be placed too close to thedndinot too far below the hull as the
angle of attack from the watewould result in poorer lift generation and less net forward thrust
should beplaced aft of the transom and not to close to the free surfageBf9]. Considering the
vane' s position in the | ongitudi ntwdchadlengthst i on
behind the transomwas found to bethe most favorable ong10]. The same objectstudy was
considered irRef.[10] as in this studiut their focuswason the lower Froudenumber range (0.3 <
Fr <0.8).

Each case must be considered separatghena Hull Vane® to be retrofittedinto an existing
vessel This procesis rathertime consumingAguideline regarding the type oaine section its size
and its positiorrelative to the ship Bull both in the vertical and longitudinal directionsill be very
valuable Furthermore, elatively little information is availablfor Hull Vane® s a p p initheat i o
higher Froudenumber range(0.6 < Fr <1.0) and the available experimental data in this Froude
number rangeare scarce.So, he focus of this study is aime Hull Vane® s a p p ktiFc>a® i on s
wi t h v ar positiogin thedongitudisal directiarmheinquiry whether dower shipresistance
thus energy efficiency due teaving of fuel consumptions achievablén this high Froudenumber
rangetakes a central role

2. Methodology

CFD simulationsere performed withvaryingFroude numbers in the range 0<6-r <1.0 for ship
with and without vaneThevane sectionis theNACA 64212[9] with aspect ratio of 8.50 (chord
= 0.8 m and spas= 6.8 m)following the results reported ifRRef.[10-11]. The van€ positionwas
varied in the longitudinal directigrbut its elevation was keptonstant ath = 0.75T below the water
surface where Ti s t he bolmedevanerT af pJaratbeswere considered as
summarizedn Table 1TheCFDresultswere verified using data from towing tank experiments.

As a case studwy hard-chine crew boaivas considered, which was designed and produced by
PT. Orel&hipyard Gresik, Indonesia. Itarget top speeds27 knots (Fr = 0.86). The ship particulars
are summarized in Table 2.

2.1 CFD Simulations

CFD simulations wengerformed utilizing thesoftware Fine/Marine® from Nume¢h2]. Figure
1 shows a mesh of the vessel withneattached to the hull by using twstruts forCase 3 (see Table
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1). Due tosymmetry, only half of the vesselth vane and strutsvere modeled. A noruniform mesh
distributionwas utilized that is,finer meshes for thezane (NACA 64212), struts (NACA 0010and

|l ongi tudinal

regi ons atll withhredativelyhlarge tusvatures

Table 1
Variationofvané s pl acement i n the
Case h/T Positionofvané s | eadi ng
Case OWithoutvane - -
Case 1l 0.75  Precisely below the transom
Case 2 0.75 1 chord length behind thzansom
Case 3 0.75 2 chord lengths behind the transom
h=vané s s ub mer gheldw tleelwater autface n
T= boat’'s draft

Table2

Shipparticulars

Parameter Value with unit

Length Overalll6s)

Length Between Perpendicul(iLsp)

Breadth B)
Depth H)

Draft (T)
TopSpeed Ymax)
Displacementy()

31.20m
28.80 m
6.80 m
2.75m
1.40 m
27 kn
104.68 t

(b)
Fig.1. (a) Mesh of half of thevessel withvane andstrutsfor Case 3(b) the
stern region eomedin from (a)

Figure2 showsa mesh ofthe computational domain with theresselinside itfor Case 3The
locations of the domain boundaries adefined as follows [13]The inlet is located at 1l0upstream
from the vessel, while the outlet iecatedat 3.0Lbehind the vessel. Thede wall is located at 1.50
Laside the vessel. The bottom wall is located at 1.68low the vessel and the top wall is located at
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0.50L above the vessel (s the length between the perpendiculaksp. The boundary conditions
resolved motionsndconvergence criteriomre summarized in Table 3.

The turbulence model used is thev SSTshear stress transporimodel [14]. Free surface effects
(generation of wavesyere modeled in the simulationfl5-16] but effects of shallow water on the
ship resistancavere not consideredsee, for examplen Ref.[17] for shallow water effects on the
resistance ohigh-speedcrafts).

Fig.2. Mesh of the computational domain with the vessel inside itGase 3

Table 3

Boundary conditionsresolved motions and convergence criterion

Description Type Condition

Inlet (in) EXT Far field, V=0

Outlet (Mnax) EXT Far field, ¥=0

Bottom (Znin) EXT Update hydrostatic pressure

Top (%= EXT Update hydrostatic pressure

Side (¥in) MIR Mirror

Side (¥ax) EXT Far field, V=0

Ship hull SOL Wall function

Ship deck SOL Free slip (zero shear stress’
Translation in X direction ~ Speed = Ship speed, using
with a given speed one half sinusoidal ramp

Motion Translation in direction Linear law

(heave) solved motion type
Rotation about the Y axis  Linear law
(pitch); solved motion type

Convergence criteon Order of magnitude of Second order
residual decrease

In any CFDstudy, there is a tradeff between accuracy and computational cost. To find an
optimum number of cells, rgd independence tests werperformed. An exampleis illustrated in
Figure 3. A criterion for the fulfillment of the grid independence test is thietrelative difference
between resultqof ship resistancs of two subsequent simulationsvith the number of cells in the
latter simulation approximately twicef that in the former, must be less than 2948]. Using this
criterion, the optimum number o€ellsfound for this examplevastwo million and eight hundred
thousand
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Fig.3. Total $ip resistance as function of number of cells used
in the simulation(Fr=0.62) illustrating a gridndependence
test

2.2 TowingTank Experiments

The towingtank experiments were conducted at the Hydrodynagiiaboratory of the Faculty of
Marine Technology, ITS Surabaya, Indonélig purpose of the towing teststis verify the results
obtainedfrom the CFBimulations Thedimensionf the tankare as followstength = 50.0 m, width
= 3.0 m, anadnaximumwater depth = 2.0 m.

It is necessary to model the vessel in accordance to the size and capacity of the tank. The Froude
scaling was applied with a geometrical scale of 1:40. The model consists@fa t * svaneand | , a
twostruts. The boat’ s mordiddrcedpsic (AR )ceated witl paintfandb e r
resin. Thevane(NACA 64212) and the struts (NACA 0010) were made from brgisgre 4 shows
the side and aft views dhe ship model.

The total resistance of the boat (with or withoHiull \ane® was measured by using a load cell.

The load cell was connected to a voltage amplifier, which was connected to a computer network in
the control room. The load cell was calibrated by using a no&ds3.5 kg before performing a
measurementThe test program is summarized in Table 4 for the Cases 0, 1, 2 kigdi& 5 shows

the ship model towed at a speed of 1.62 m/s (Fr = Of62Lase 3

Table 4

Test program for the Cases 0, 1, 2 and 3
Vship [KNOtS] Vmodel [M/S] Fr

20 1.62 0.62

22 1.79 0.68

24 1.95 0.74

26 2.12 0.80

28 2.28 0.86

30 2.44 0.92
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(b)
Fig.4. Ship model witha vaneattached to the hulby using two struts (scale 1:40):
(a) side view and (Igft view

} .
Fig.5. Ship model towed a speed of 1.62 m/s (Fr = 0.62) f0ase 3The locally
high wateroverflow near the bows partly ascribed to the hard chitedy

3. Resultsand Discussion

Figure6 shows the total shipesistance as function of the Froudamber obtained from the CFD
simulationsand the towing testsThe agreement between thesults from theCFDsimulationsand
the towing tessis good as shown in Rige 7. In the following discussion, the results are compared
to the case without vaa (Case 0) as a reference case.
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Fig.6. Total ship resistance as function of Froude number for ship with and without vane; (a) obtained
from the CFD simulations and (b) frahe towing tests
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Fig 7. Totalshipresistance obtained frorthe CFDsimulations
versus that obtained fronthe towing tests for the Cases 0, 1, 2
and 3

Figure 6 shows thathe application of avane generally results in an increase of total ship
resistancein this high Froudewumber range The increase can reacl63% at Fr = 0.9%r Case 2
Furthermore, hev a n osit®n with the leading edge two chord lengths behind the transGasge
3) gives the smallest resistance amadhg vané s p | & omesitdered €Case Ihowsa decrease
of ship resistanceat Fr< 0.74.The decrease can readhl% at Fr = 0B At Fr > 0.Ba | | vane
placements result in an increase of ship resistance.

Theaboveobservations are in a good agreement with those reporteRaf.[3] stating that the
Hull Vane® works most favourably at moderate to Htgbudenumbers in the nosplaning region
with Froude numbein the range0.2 < Fr < 0.7. At higher Froude numbers, the force generated by
the vanecreates an unbeneficial bodown trimas observed experimentalfuring the towing tests
and using CFD simulations. Considering also a crewabaathis studyan increase of ship resistance
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wasreported at Froude numberBr < 0. 45 when Hull Vane® waapplied[10-11]. Therefore, the
recommended Froude number range for an application of a Hull Vane® is 0.5 < Fortifig’type
of ship

Figures8 and 9 show a comparison of visualizations obtained from the CFD simulationthand
towing tests(Fr = 0.62). Both the CFD and experimergallts show a local high overflow of water
near the bow. This locally high wateverflow near the bow is ascribed partly to the hard chioely.
As shown in Fige 8 (right panels), aow-down trimwasobserved due to the application of the Hull
Vane® whih becomes more pronouncedsith increasing-r. This observation nsistent with the
prediction, as also reported iRef.[3]. As noted earlierCase3 shows a decrease in ship resistance
and the bowdown trim for this case is the smallest compared to @ssesl and 2. Furthermore,
Figure 9 shows that the wave patterns obtained from the CFD simulations agree well with those
obtained from the experiments
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(d)
Fig.8. Comparison of visualizations of water surface elevations near the bow and near the stern
obtained from CFBimulationsandtowing tests(Fr = 0.62 ); (&Fase Q(b) Case 1, (c) Case 2 and (d)
Case 3
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Fig.9. Comparison of visualizations ofZBwave pattern obtained from CHDnulationsandtowing tests
(Fr =0.62); (arase O(b) Case 1, (c) Case 2 and (d) Case 3

Figure 10 shows thathe wave pattern behind the vessel is changéightlyand the wave height
is reduced due to the application of thull Van& The generated waves have higher crests for the
case without vane as shown in Figure 10(a) (approximately 2.6amypared to those for the cases
with vane (Figure10@d), approximately 1.5 m).
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Fig. D. Wave elevation and wave pateobtained fromthe CFD simulation§r= 0.62);(a) Case Q(b)
Case 1, (c) Case 2 and (d) Case 3

4. Conclusions

To investigate the possibilitied energy efficiencyvhena Hull Vane® to be retrofitted into a
high speed craft at Fr >&).CFD simulations and towifignk experiments wer@erformedin which
t he vpRoementaas variedn the longitudinal directiorbut its submerged elevation was kept

constant at0.75T below the water surfacewhereTi s t he boat’'s draft. Th
placement in the longitudinal directions wererce i der e d : (i) Vvimeveiththe | e ac
transom (Case 1), (ii) vane' s |l eading edge or

vane' s | eading edge two ¢ hor.dA31lnnehargadhihescrew lmoaiti n d
wasconsideredwhich wasdesigned and produced by PT. Orela Shipyard, Gresik Indonesia.

At Fr > 0.75 allane pglacementsresulted in an increase of théotal ship resistancereaching a
value of 36.3% for Case 2 at Fr = 0.8Zow-down trim was observedwhich beame more
pronouncedwith increasing FiFrom the cases considered, thea n osit®n with the leading edge
two chord lengths behind the transonCése Bgavethe smallest ship resistancét Fr < 0.74this
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vanepositioningresulted ina decreas®f ship resistancewhichreached 7.1% at Fr = 05 Referring
to the results of previous studies [41] in addition to the present results, thecommended Froude
numberrangefor Hull Vane® applicatiors for this type of ships 0.5 < Fr < 0.7.

The CFBuccessfullgimulates the physicalphenomena observed during tHewing tests, such
asthe wave patterrs and thelocally high wateoverflow near the bowThe gplication of theHull
Vane®reducesthe heightof the waveggeneratd bythe ship.
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