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ABSTRACT

During preliminary stages of boat design, decisions on boat properties are made onty with li
tle knowledge on boat hull geometiya boat designer has only the basis dimensions at his
disposal. Therefore on these initial stages of boaigdesnethods of calculation of boat
properties (e.g. resistance) on the basis of basic design criteria are indispensable. The main
objective of this thesis was designing a wind turbine integrated propelled boat. This means
energy extracted from wind is cegrted into electrical energy that can stbire the capae

tor. This stored energy is ust drive the motor that is attached to the propeller of the boat

or the shaft of water jet pumphe useful components of this boat are wind turbine, gener

tor, Batery, Propeller. The method used for design was Catia V5 for modeling, mathematical
investigations formula for propulsion power and ANSYS hydrodynamic software for stability
testing. The study was limited to the hydrodynamic stability test and staticisafuantalysis.

All basic dimensions and propulsion power was determined by written java code. Then the
recommended size of the boat that has overall length of 6m is taken and its propeller power
was determined as 5h.p. The conceptual design of the bddb@Bl was created in the catia

V5 and imported into the ANSYS Hydrodynamic diffraction and response analysisafor St
bility test. The test was recorded six times by adjusting the center of gravity and modifying
boat mass. Hydrodynamic keel was also addediag stability method. The test wa®ene

within the range of standard recommended metacentric height of boat. Then structyral anal
sis for boat hull was done by importing the hydrodynamic pressure result of final step of the
boat to ANSYS static staturd analysis. From theitls results the final tested boat was
accepted becaeasthe response of this finaldr was very best when it cqmared with e-

mained trals. The final tral center of gravity was taken as 0.5m and structural mass was
800kg. Thertore hydrodynamic pressure and motions result determined from this final

trial that gives 0.33MPa. This result of the final tested boat was used to determime the r
sponse of structure by applying ANSYtatic structural analysis. But for the other pdike

turbine shaft and turbine mounted frame the ANSYS CFD program was used to determine
drag coefficient on the turbine blade and calculating load transferred to each parts and the r
sponse of each part was determined by static structural analysisal\ttemponents of the

boat was analyzed and assembled in the Catia V5 the acceptable result of center of gravity
was determined automatically from inertia mass tool bar. Then finally the determined result

of vertical center of mass was 0.459m with totalss of 2500kg.

Keywords: wind energy, Electrical energy, boat, Resistance of the boat, Propulsion power.
XV



CHAPTER ONE
1 INTRODUCTION

1.1Background

This thesiscan be implemented in and investigated on BOAT TravelirggaiTravel at sea is
the eagest compared with land transport and flying: a log floats and is carriecWwatly of wa-
ter moving in a definite direction through a surrounding body of watehills to climb, no thick
vegetation to be pushed aside. But, to go where we want, weprigadsion, and fluid propu
sion is by far more difficult than land propulsion (in spite of thseeof fish locomotion by fins,
as compared with terrestrial locomotion by legs). The reason of this difficulty is that, for us to
advance, we need to push simng backwards (Propulsion fundamentals), and it is far more
efficient to push a massive objet (the Earth) back by donttdon forces at our feet (or by
wheels), than to push a small amount of fluid back (the mass of water you can take in with your
hands, or with oars, or even the mass of air surrounding the sailirf@jitionalboat is propelled
by hand (paddlewhich need human powdBut nowasis the case with general automobiles that
are driven on land, the main type of engine used on shipe isternal combustion engine ¢m
tors such as diesel engines and gas turbines). It is &meidin fact that as a societal demand for
reductions in carbon dioxide (GOemissions has arisen, electric medoiven systems have
been introduced for use in autobile engines, thereby greatly improving fuel efficiencyyn h
brid or electric vehicles (which decrease fL&missions by reducing the consumption of fossil
fuels)[33]. So he renewable energy is considered as a new technology and an alternating energy
source to be used instead of fossil fuel, its continuous rising cost of it and due to groming co
cern to reduce the effects of climate change, sisclobalwarming, generated by extensive
and deliberate use of fossil fuels, mainly in thectete power generating plants and
transportGlobal warming will continue unless dependence on fossil is reduced, thus the
Wind power has a key role meducing greenhouse gas emissigh8]. Today, the most
commonly used wind turbinis the Horizontal Axis Wind Tinine (HAWT), where the axis of
rotation is parallel to the ground. However, there exist other types of wind turbines, omielof w
will be the primary focusf this paperfor propelling the boatthe Vertical Axis Wind Turlrie
(VAWT). These devices can operate in floeesming from any direction, andke up much less
space than a traditional HAWB2]. VAWTs hasa number ohdvantages over HAWTS, such as

1. Extremely(low cost), simplicity reduces cost of construction, aidd anstallation.

2. They can accept wind from any direction, thus eliminating tieel h@r reorienting

towards thewind [32].



3. Ability to operate under complex turbulent flowS][2

4. Low rotation speed and noise emissio@][3

5. High starting togue, good starting performance [31

6. VAWTs work well in places with relatively low winskrength, and constant winds,

VAWTSs include both a drag/pe configuration, such as the savonius rotor, and-gyfitt

configuration, such as the Darrienagor [32].
Increasing focus on reduction of g@missions and the possibility of future severe shortage
of oil have spurred renewed interest in wind as supplementary propulsion of merchant ships.
Several alternative solutions have been considered, like kitegerttoonal soft sails, rigid
sails,Flatterrotors, and wind turbines. A tempting aspect\bhd turbine propulsion is that it
can provide propulsive force when sailing directly upwind, something that is impossible with
the other mentioned forms of wirasssted propulsiorj26]. In Ethiopia there are many lakes
present which are attracting touristame of those ay&oka ReservoirLake AbaylLake Ab-
belLake AbijattalLake AfambglLake AfrergLake Haramayhake Ashenge.ake Ha-
wasalake BarigLake Basakgake Chamg.ake chelelektjiake Chew Bahitake Ga-
goriLake Gummargake HaygLake Kadabasshake KarumlLake LaitaliLake Lan-
ganglLake Shald.ake Tand.ake TurkanalLake ZwayandZengena LakeRecreational boa
ing is the major attraction of these lakes. So designing a propulsion system poweree by no

polluting and renewable energy sources is necessary.

1.2 Statement of the problem

The existing IC Engine propelled boats are polluting the lakes inghiSo there is a need to
develop wind turbine propelled boats to avoid water pollution and pollution of surroundings in
recreational boating zone®n addition to this there are many recreational manual or hand
driven boats that need human powvike desgn of which is also considered for changing from
manual to automatic.
Therefore the Design or the study will focus on problems-like:

1 How wind energy can propel the boat floating on water body indirectly?

1 How much power is needed from the wind turbingrimpel the boat?

1 Which type of battery must be used to charge electric energy?

| How to make théoat stabl@

i How does the shape of the boat system looklike

The above mentioned problems can be solved by applying the necessary design probedure

figure 1-1 bdow showsoverview of the system
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Figurel-1: Definitionsand system type

1.3 Objectives

1.3.1 General objective
The general objective of this projectasdevelopwind turbine integrated boat

1.3.2 Specific objectives:
1 To collect the data related to recreational boats used in Ethiopia
9 To design wind turbine propulsion mechanism for boats
1 To model and simulate the mechanism

1 To prepare the Prototype for demonstration purpose.

1.4 Significance of the project
The significances of the proposed project are as follows:
9 Reducing the pollution of the environment
1 Minimizing the cost required from recreational persons during tour.
1 Reducing huma effort for propulsion systems

1 For fishing, for study of water bodstc

1.5 Delimitation (scope)
The scope of this project t® deal with the design of the boat that can be propelled by
wind energy.
1 The study will focus on the Aluminum multipurpose boat which willoperated
with Savoniugype of wind turbine.
1 Applying staic structural analysis of all bastomponents

1 Consideration of Static and Hydrodynamic stability Test.



1.6 Limitation of the Study

Due to time limitatios only a restricted number of components are analyzed by ANSY¥S sta
ic structural analysis. The numbef components that did not analyzeds Gear, Bearing,
and Turbine Blade.

1.7 Organization of the study
Chapter one describes a general introduction of the Thesis and the @bggatiertwo pre-

s e nlitesaturesreview about the existindgelectric boat and existing Wind turbine pro-
pelled ship system inthe world Chapter Thredaterials andnethodsof data collection
analysisof the critical components of the machi@hapterfour covess resultsand discs-

sion.Finally chaptefive give a short reommendation and conclusions.



CHAPTER TWO
2 LITERATURE REVIEW

2.1 Introduction

The origin of this study at its simplest depends on boat propelled by hand and wind sailed boat
originated from literally means, historical it is a long tube or funnel ofls#il conveying air to

the lower parts of the ships. Becadise first vessels might surely have been propelled by hand
work, but it was obvious that wind has an important entrainment effect and the larger the frontal
area the larger the push, what origaththe sail? There is evidence of sailing boats and wooden
oars in the Middle East dating from 5000 BCE, and, in ancient Egypt by 3000 BCE, the Nile was
the main transport route, taking advantage of the water current to go downstream, andesf the pr

vailing Northern winds to go upstreaithefollowing figure 2.1shows wind sail bod6].

Figure2-1: Wind sail Boat

2.2 The Electric Boat

The Electric Drive industry is experiencing a renaissance after 120 yequsebfoperation in
pleasure launches, trolling boats, and submarines. Battery technology is now available to make
all-electric boats applicable for dagilors and hybrid boats for cruisers. Solar Electric Boats are

capable of sustained, continuous operaind have circled the world on solar power alone [1].

2.2.1 Solar Voltage

Panel voltage must be higher than battery voltage unless a boosting charge contrailer is e

ployed. Panel Voltage should be between 20 and 30 percent higher than battery voltage, depen
ing on the type of charge controller used. Check the panel for maximum power voltage. This
voltage should be higher than the batteries absorption voltage (lead acid) or the maxithum vol
age of a Lithium Battery. When using MPPT charge controller, the Maxifower voltage



should be 10 to 20 percent higher than the battery absorption voltage (lead acid) or maximum

voltage of a Lithium Battery to give the MPPT circuitry room to funcfidn

2.2.2 Solar PanelOrientation

The solar panel installed on Kapowai can chaaggle and bearing to focus on the sunnto i

crease output. This is most noticeable at dawn and dusk where output can increase tenfold. One
eveningwhen the panel was horizontal tbetput noticeddown to 20 watts. This increased to

200 wattswvhen focuse@n the suril]. Figure 2.2 shows panel orientations.

Figure2-2: Solar panebrientation on boat

The solar panel has to revolve around awesto be able to focus on the sun. One axis of @per
tion, a hingeis still a big benefit to the overall output of the panel [1].

2.2.3 Power Comparison with Diesel

We have found thatklV per ton moves the average electric boat at 90% of hull speed in calm
conditions with no wind and no waves. Widiesel boats we find that B# per ton moves a

boat at close to hull speed in calm conditions with no wind and no waves. Why such a niscrepa
cy between power levels? The Electric motor can run a big propeller due to the flat torque curve.
A diesel motor is limited to running a smd#st turning propeller due to the limited torque &vai

able to a diesel at idle [1].

2.2.4 Estimating Power at Speed

The basic physics of a boat reveals that for each knot you increase in boat speed there is roughly
a doubling of the power requirement. As you cae in the following graph, at low boat speeds it
takes very little power to push the boat. It is at these speeds that electric propulsion really shines.
Small amounts of power make huge differences while motor sailing. Small amounts of power can
make tte difference of whether the sails are luffing or not and whether the boat has directional
stability or not For more detaillte following figure 2.33howed as graph of power at boat speed

and table 21 power vs. predicted spefd.
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Figure2-3: Electricpropulsion power vs. speed

Table2-1: Electric propulsion power vs. speptedicted vs. actu&o

SPEED POWER Catalina 30 | Predicted | Actual
HULL SPEED 2 KW PER TON 6.7 knots | 12 KW
90 % of Hull Speed| 1KWPERTON |6 knots 6 KW 6 KW
90 % of Hull Speed less 1 | 500 watts per ton | 5 knots JKW J2KwW
knot
90% off Hull Speed less 2 | 250 watts per ton | 4 knots 1.5 KW 1.48 KW
knots
90% of Hull Speed less 3 | 125 watts perton | 3 knots 750 watts | 663
knots watts
90 % of Hull Speed less 4 | 62 watts per ton 2 knots 375 watts | 262
knots watts

2.2.5 Electric Boat Wiring

Wiring on an electric boat should bere to a higher standard than traditional diesel wiring. The
systems are more complex with a greater number of circuits operating at higher voltages and cu
rents. Electric boat systems need to work flawlessly over time so there is no room for error on the
installation. The most noticeable feature of an electric boat is the large, higher voltage battery.
The large battery serves both the house and propulsion loads of the boat. Having a high energy
house battery has many advantages, the most notable begddahded duty cycle at anchorage.

All batteries, regardless if they are paralleled or in series, should be monitored for temperature
and voltage and, if possible, equipped with audible and visual alarms. Dissimilar voltages in a
string should be correcteds showingon figure 2.4(A String of Batteries means several batte

ies connected in Series) A string of batteries is only as good as its weakgdt cell
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Figure2-4: Battery connected iseries

Chargingat the cell level is best, followed next by charging at the battery level. No batteries
should be left unattended in parallel without automatic disconnect in the event of a bdttery fai
ure. This is to prevent the good battery driving a short in the bienpavhich can lead to a
thermal and possible fire. Lead acid batteries at the end of their life are particularly susceptible to
this fault condition. It is vitally important for an owner of an electric boat to know his batteries
and how they Work in botthe charging and discharging cycles [1].

2.2.6 Electric boatscharging energysources

1) Solarpoweris areplenishingesource omboat while diesel is a depleting resourés/en
though a batterytsres a fraction of the amouait energyas diesel, it cantare it over
2,000 times.

2) Electricboats can be recharged with solar power.

3) Electric boats can be recharged with wind power.

4) Electricboats can be recharged from the propeller spinning (regeneration).

5) Electric boats can be recharged from shoower.

6) Electric boats can be recharged with a portable gasoline generator.

7) Electric boats can be recharged with a diesel generator.

8) Electric boats have reduadcy in their energy supply. You may have to waitstaar to e-
charge your battere but you never completely run out of enejlly

2.2.7 Electric Boatsare more comfortable

1) Solar Electric boats va no smell of fuel or exhaust.

2) There is less incidence of sea sickness on an electric boa¢l iiees and exhaust contribute

to seasickness on diesel powered boats. Hybrid boats can choose when to run the diasel to min
mize exposure to exhaust fumes.

3) Batteries can be used for large house loadsxdtenéeed periods of time beforecharging.



2.2.8 Electric Boats are funto sail

1) Keeping an eye on your energy, how it is regenerating or depleting, what your electric only
range is, focusing your solar panels at the sun, monitoring power consumption and its effect on
motorsailing- all great fun and intellectually stutating.

2) Owning an electric boasia cultural shift in sailindt is dramatically different and a far nicer
experience on the water.

3) An electric boat is more in lingith the spirit of sailingusing natural energy to propel your
boat.

4) Smal amounts of electric pogr can act like a mizzen sallhe saillike qualities enhance the
boats sailing attributes by creating apparent wind.

5) Because an electric boat can geteespparent wind, it is rarelif,ever, becalmed.

2.2.9 Electric Boats reduce pollution

1) Electric boats pollute less and reduce global warming.

2) There is little to no pollution in your local environment.

3) There is no smell of diesel fuel, or of diesel exhaust, on -@&healiric boat.
4) There is nd&rundy, smelly stuf under the motor of an electric boat.

5) There is no oil in the bilge water.

6) An electric boat smells pure and clean.

7) Electric boats don't vibrate.

8) Electric boats are very quiet with far less noise pollution.

2.2.10Reliability of Electric Boats

1) The simplicity of an electric drive results in higher relidpilSimply turn the electriootor
on and it goes.

2) An electric motor hatewerthings to go wrong with it than a diesel motor does.

3) Temperature sensors in the motor and controller camoatewith the controlleipreventing

overheatingaused by high ambient temperatureslmstruction of the propeller.

2.2.11Electric Boats are safer

1) Higher reliability increases safety.

2) Better boat handling increases safety.

3) Higher Accelerationrad Deceleration increases safety.

4) Reduction or complete elimination of fossil fuels increases safety.
5) Elimination of sticky shifter and throttle cables increases safety.

6) Electric boats equipped with solar panels never completely run out ofenerg



7) Electric boats using Lithium Battery Management Systems monitor battery voltage and tem

perature on every cell which reduces the ity of a batteryfailure.

2.2.12DC Generators

Hybrid Electric BoatsEmploysDC GeneratordVhich arefar more efficient than thegounte-

parts or diesel driven alternators.

DC generators with a Battery Pack run a fraction of the time of an AC generator when used for
house loads. The DC generator runs only long enough to recharge the baiterigegnshuts

down, while many AC generators run 24 hours a day. AC Generators are sized for the maximum
starting current on the boat. Typically a starting current of a motor can be twice the operating
current. Most AC generators run unloaded most of the tin®.GBnerators require less maint

nance than AC generators because they are simpler and run at optimum load all the time which is
easier on the diesel. DC generators with inverters are far superior than AC generatorsder provi
ing clean and reliable power dsuse the power comes from an inverter from a stable DC power
source. There are no spikes or brown out
tor runs a fraction of the time of a tradi‘f
house loads. A 30 h.p. diesel will commonly employ a 100 amp attermanich utilizes about

5 h.por 16% of the engines power whitdarging at anchoragdn al t ernator 6s
about 50%Total system efficiency of an alternator is thus ortfy ®hile recharging batteries at

anchor. In comparison, a DC geatorset has up to 40% efficiency [1]

2.2.13Driveline (Electric Motors)

Electric motors convert electrical energy into rotational energy plus heat. The heat is created by
the inefficiency of thenotor. @nsider our 92 % efficient, 10/ Electro prop. 8 percent of the
power consumed by that motor will be given offash8ad 0 watts at f ul | p o
ability to dissipate heat that partially determines the maximum power capabilitg ohdtor.
Water cooling is the best way of dissipating
away! Heat created is closely related to motor current. Both should be monitored. Battery current
to the controller is different from controller rcant to the motor. The gear ratio of the spezd r
ducer changes thetia between the battery curreantd the motor currents. Increasing the ratio of

the speed ucer reduces the motor curréot any particular motor rpm [1].

Magnets in the stator (statiary winding) move magnets in the rotor (the part of the motor which
rotates). The magnetic fields alternate at a frequency proportional to the rpm of the motor and the
number of poles of the motor. Induction motors create the magnetic field in thehmatogh

passing a current by induction to the rotor. Permanent magnet motors rely on rare eath perm

nent magnets in the rotor. Permanent magnet motors are more efficient and smaller ttyan indu
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tion motors because t hey dsecoddteleciraanagnet. Taqueis e a
proportional to current and speed is proportional to voltage on a Permanent Magnet AC motor.
Permanent magnet motors are directly proportional and have a current to torque coefficient and a
voltage to rpm coefficient. Induoh motors have some slip in the magnetic fields so the torque /
current and speed / voltage ratios change. A motor that has no slip is said to be synchronous.
Permanent Magnet Alternating Current and Brushless Direct Current motors are synchronous.
Statos can be positioned netd the rotor axially or radiall Axially arranged stators create an

axial force on the rotor. Mounting a stator on either side ofdtue cancebut these axial forces

for higher efficiency. Most high power permanent magnet rsdtave twin stators for thisae

son. New motor technology is seeing efficiency claims as high as 98%. Most commonm-AC pe
manent magnet motors have efficiencies between 88 and 94 %. Efficiency changes with load and
rpm so an efficiency map is necessarydaomplete understanding of any particular motar- M

tors need to be rated for their continuous output.

At similar peak HP ratingsn figure 2.5 Electrichas much more torque at slovegreeds. ICE is

better for higher continuous speeds.
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Figure2-5: Hp deferencef motor and engine

2.3 Boat Designs

Most hulls used in the Pacific Basin are locally built, since those boats produced in thend.S. ge
erally produced wooden boats. Furthermore, by are work boat slandaost small pleasure

boats equipped with extraneous, unusable features. In addition, freight costs can add as much as
the original cost of the boat when delivered from a foreign source. The technical skills to produce
Al ow cost Afibdgel.gl ass boats quickly

A wide range of opinion exists on the subject of boat design. Several observations are presented:
A deep V planning hull rides much better in rough water but is expensive to operate, since high
horsepower propulsion is neededptane. With insuffieent horsePower a deep V is relegated to

the displacement hull (none planning) category. A flat bottom skiff bearing even heavy loads can

reach planning speeds with only a minimurhofsepower. Also, the shallow draft characteri
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tics of a flat bottom fier more versatility of operation in shallow, peoted lagoon waters. A flat
battom skiff is also quite stable Characteristioewever, of flat bottom skiffs, make these boats
inappropriate for use in rough open seas. The answer rests in a compsatmiskallow and
roughwaterV favoring a flat bottom desigiiBanana Form Hulljide would be less comfortable
than that offered by the de&pin rough open seas, but operational costs would outweigh crew
discomfort. Other design factors to be considerethé design are minimum weight with nirax

mum strength and simplicity of construction [6].

2.3.1 Propulsion and Steering
Propulsion and steering are considered together here for two reasons. Applying thrust has no use
i f you canét cont andobftentthe devivegmsdmd tbepromllsionalsstpi o n
vides the steering. There are three common methods of transferring power and providing dire
tional control:

1 Rotating shaft and propeller with separate rudder

1 A movable (steerable) combination, suctaautboard motor or stern drive

1 An enginedriven pump mechanism with directional control, called a water jet
All three arrangements have their advantages and disadvantages from the standpoint of mechan
cal efficiency, ease of maintenance and vessel dottsing one type of propulsion instead of
another is often a matter of vessel design and use parameters, operating area limitatigns, life ¢
cle cost and frequently, per sonal preference
Regardless ofvhich type you use, become familiar with how each operates and how the diffe

ences in operation affect vessel movenjiéht
The following assumptions will apply to our discussion of propulsion:

1 If avessel has a singhaft motor or drive unit,itismoutne d on t hne vess
terline

1 When applying thrust to go forward; most propellers turn clockwise (the top to the
rightor a -hfiarnidgehdtd pr opel | er ) hgoing astereidturfsr o m
counterClockwise viewed from astern when making throsgo astern.

1 If twin propulsion is used, most vessels hawanter rotatinglrives in the following
corfiguration: sidepropellerwhen going ahead, operatas above (rigkttand tun-

ing) while the port unit turns counter clockwise ({aéind turning) [7].

2.3.2 Propellers

A boat is only as good or bax$ its prop. With the right prop, ypboat is a joy. Fast, smooth,
comfortale, fuel-efficient andjust plain fun. With the wrong prop, your boat will feel rough, or

12



slow, or sluggish or lackinghitop end. The wrong prop can even damage your engine through
lugging or over reiwwing. Even the right prop, when damaged, can drastioadlyce performance

and fuel efficiency. Just running a prop through silt or sand can damage it enough to affect how
your boat runs. In one test, a damaged prop dropped top speed more than 13%, acceleration 37%
and optimum fuel miles were reduced 21%. So you can see why you should check yodt prop o

ten and have a damaged prop checked and repaired by an authorizedrdepksr station [7].

2.3.2.1Propeller Selection Data

Propeller pitch and gearing should target peak motor efficiency at cruise Bpeeellers should

be chosen carefully; Maximize diameter, minimidade areaFigure 2.6 shows effect of motor
efficiency andpropeller diameter and figure 2.7 shows Total assembled Simple electric motor

propdler of boat[35].

Propeller Diameter Effect on Thrust,
Motor efficiency curve
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Figure2-6: Motor efficiency andPropellerdiameter effect othrust[46]
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The optimum torque characteristics of Torgeedo
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speed = greater performance and greater range
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same battery capacity. Equipped with all of the
convenience of a genuine Torgeedo:

() All models have a GPS on-board computer and display
in the tiller or the remote throttle with real-time display
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T
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1) Avaiable in two shaft lengths: bearing. Protect against damage from debris -
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4 Optimized propeller design for a chaice D
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Figure2-7: Totalassemble&imple electrianotor propellerof boat

2.4 Wind turbine as Electric Energy

A wind turbine is a device that converts kinetic energy from the wind into mieahanergy. If

the mechanicagénergy is used to pdoice electricity, the device is called a wind generatohdf t
mechanical energy is useddave machinery, such as for grinding grain or pumping water, the
device is calld a windmill or wind pump. Themallest turbines are used for applications such as
battery charging or auxiliargower on sailing boats, whilarge gridconnected turbines areb
coming large sources of commercial elecpower. Wind turbines can lput into two basic da

egories: namely, vertical axis and horizontal axis wind turbines.
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2.4.1 Vertical Axis Wind Turbine

The vertical axis wind turbine has its blades rotating on an axis perpendiculargmtndThe

maj or advantage of a vertical axi s VIAWT)sr (r ¢
that there is no need for awaystem. That is, the rotor can accept wind from any direction. A

other advantage is that in most vertical axis wind turbines, the blades can have a constant chord
and no twist. These characteristics should enable the blades to be Manufactured rsiiaphgly

(e.g. by aluminum pultrusion) and thus cheaply. A third advantage is that much of the drive train
(gearbox, generator, and brake) can be located on a stationary tower, relatively close to the
ground [3].Examples of this type of turbine attee Darreus (Fig2.8) and the Savonius wind
turbines (Fig2.9.)

Figure2-8: Darrieus wind turbines

Figure2-9: Savonius wind turbines

2.4.2 Horizontal Axis Wind Turbine

The most fundamental decision in the design of a wind teiibiprobably the orientation ofé

rotor axis. In most modern wind turbines the rotor axis is horizontal (parallel to the ground), or

nearly so. The turbine is then referred to a

number of reasonsof that trend; some are more obvious than others. Two of the main a

vantages of horizontal axis rotors are the following:

1) The rotor solidity of a HAWT (and hence total blade mass relative to swept area) is lower
when the rotor axis is horizontal (at &en design tip speed ratio). Thends tokeep costs
lower on a per KWbasis.

2) The average height of the rotor swept area can be higher above the ground. This tends to i
creaseproductivity on a per kW basighis type of turbine has the main rotoraghand
electrical generator at the top of a tower and must be pointed into the wind. Small turbines

are pointed by a simple wind vane, whiles large turbines generally use a wind sensor co
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pled with a servo motoFigure 2.10 and 2.11 shows two differeahfiguration of horiza-

tal axis wind turbine.

Figure2-10: Danish WindTurbine
Figure2-11: Diffuser Augmented
Wind Turbine
But alsoMarine turbines are designed usihg same principles as wind turbines. However, they
are used in the different conditions and the variables used in the power equation givea in equ

tion are also slightly different.

2.4.3 Main Parts of a Wind Turbine

There are three major components that madewiné@ turbine. Thesencludetherotor, the ga-
eratorand the towr.

i.Rotor

The portion of the wind turbine that collects energy from the wind is called the rotor. The rotor
usually consists of two or more wooden, fiberglass or nigtales which rotate about an axis
(horizontal or vertical) at a rate determined by the wind speed and the shape of the blades. The
blades are attached to the hub, which in turn is attached to the maif28haft

ii.Generator

This partis what cawverts the turning motion of wind turbine's blades into electricity. Inside
this component, coils of wire amtated in anagnetic field tgproduce electricity. Differergen-

erator designs produce eithaternating current (AC) or direct cent (DC), and they are avail

ble in a largaange of output power ratingghe generator's rating, or size, is dependent on the
length of the windurbine's blades because more energajsured by longer blad¢26]. Figure

2-12 and 213 respectively stws wind turbine model of electric car and exploded view of wind
turbine[26].
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Figure2-12: The Wind TurbineModel of ElectricCar

Figure2-13: Exploded View ofwind turbine
The main components of the proposed design are the rotor, main shaft, main bearing coupling,
generator, top shroud, base shroud, inlet safety guard, exhaust safety guard. The rotou{1) is co
pled to the main shaft (2) by a set of ftnexagonal head bolts. The main shaft (3) and thergene
ator (5) are fastened to the supowh the base shroud (6Y la set of hexagonal head bdR$].
But alsoas the marine turbine works in water rather than air, we will use density of water instead
of air: D e n,s=i100§ kg/oithe average power goefficient,,Gor marine turbines
is also different than that of wind turbines. Currently, the technology for marine turbines is not
that much developed to reach the same levels of resultsxdgwbines. However, the thearet
cal maximum for marine turbines is still defined by Betz Law with a limit of 0.59 and we will use

the following value of this coefficieri2].

2.5 Battery

2.5.1 Battery Chemistry

The fve different types of battery chemistry being commonly used on boats today are flooded
lead acid, Gel, Absorbed Glass Matt (AGM), Advanced AGM [@)P&hd Lithium Iron Phs-

phate.

2.5.1.1Lead acid

AGM, GEL, and FLOODED batteries all use the same basic Lead Awdth(Stry- Lead plates

with a Hydrogen Sulphate Electrolyte. The major differences between these chemistries are the
viscosity of the electrolyte and the thickness of the plates. All Lead Acid Batteries egas off

and all Lead Acid Batteries should be tileted to prevent the buildup of explosive hydrogen

gas. Off gassing increases throughout a batteries life. A sealed battery has a vent that selease ga

es at a certain pressure; otherwise they are recombined into the electrolyte. Sealed Batteries are
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morelikely to vent at the very end of their life, where they should be monitored most closely for
this condition [1].

2.5.1.2 Flooded Lead Acid

Due to the high currents involved, Flooded Lead Acid batteries are not recommended. They have
to be derated to 47 perceaaita 1 C load which is bordme damaging to the batterlyLA batte-

ies emit hydrogen gas while charging and discharging. The slightest spark from a looge conne
tion can caus¢hese batteries to explode [Bvoid the use of flooded lead acid batteriesapn

electric boat and be very wary of them on any other boat.

2.5.1.3Harbor

This is a very real danger and on electric boats even more so because of the loads invelved. Ga
sing off Il ncreases as the battery agmmsantand
while charging. Flooded lead acid battery terminals build up acidic corrosion from the vaporized
electrolyte depositing on the terminals. This leads to a bad connection with possible tharmal co
dition. Flooded lead acid batteries can dry out argh#érged in that state will create a thermal
condition. Avoid the use of flooded lead acid batteries on an electric boat and be very wary of
them on any other boat [1from the figure 2.14ve can understand the actual capacity of the
each battery thahayuse

Actual Capacity at 1C
Flooded AGM Lithium

7% 74% 91%
Figure2-14: Actual capacity of battery

2.6 Horizontal Axis Wind turbines (HAWT) As Propulsion for ship

Wind turbines have been mooted over many years for ship propulsion. However, to date there
are no sacessful prototypes of their application. This reflects systemic issues with their ultimate
stability and vibration and the inherent inefficiency in energy conversion relative to other tec
nologies. The advantage of the turbine is that it can continuartee$s power even when the

craft is sailing directly into the wind. There is a case to be made for wind turbines as a producer
of ancillary power for ships and as a replacement for ssideeelectricity generated from non
renewable sources. Given the anous advances made in wind turbine technology for electric

ty generation, it is highly likely there are important lessons to be transfewetbrthe shipping

sector [20. Increasing focus on reduction of g@missions and the possibility of future severe
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shortage of oil have spurred renewed interest in wind as supplementary propulsion of merchant
ships. Several alternative solutions have been considered, like kites, conventional soft sails, rigid
sails, Flattener rotors, and wind turbines. A tempting @spewind turbine propulsion is that it

can provide propulsive force when sailing directly upwind, something that is impossible with
the other mentioned forms of wiassisted propulsion. In the last decades, vertically oriented
airfoils, known as wing di&, have at an increasing rate replaced soft sails as they arg-aerod
namically more efficient when a high lift-iirag ratio igmportant pP5]. Look the following fg-

ure 2.15wind turbine onboard for power generation.

Figure2-15: lllustration of a Vestawind turbine onboard a tanker for povggmeration

2.7 New Developed Idea
The new thing that going to be done is to redesigning and developing therabolvanismsn
figure for Boator model shipusing sawnius type of wind turbine.

1 On the above figure due to the rigidity of ship or largeness of ship the horizontal axis wind
turbine was doneWhichmeans it o6s possible to stabild.i
possible. But for small boat especially for reci@al boat using horizontal axis windrtu
bine propulsion has greahallenges to stabilize the movement of the boat and also the
shape of the boat is no more attractive. So the study will focus on compatible design with
sawnius type of wind turbineThe following figure 2-16 shows the system development
of this studyor visual drawing

1 Weknow that theverticalaxis wind turbine needs initial starting torquechanismFrom
this type of wind turbine integrateldoatthe best idea that uséol assume isimpy at the
first starting movement of the boat or forward movement of the thea¢ isdevelogd
collision between the stationary ar moving airand the turbine blade that haleearly

movement with théoat. Thisstarting system makehe turbine tryto rotate.
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Savon:uz Rotor

/ Propeler
.~~~ motor

- / Propeler

Figure2-16. New ideavisual Drawing for the boat integrated with turbine

2.8 Boat Stability

Stability isthe ability of a floating object to return to its initial upright positiorstaible equil-

rium after beingdisturbed by an outside force. In fishing vesssiability isthe ability of the
vessel to return to its upright pasit after being heeled over any combination of wind,
waves, orforces from fishing operation# fishing vessel is dked stable when it has enough
positive stability to counter the external forces generated by current weather and fishing cond

tions and will return to its upright positiomo easily understanding figurel¥ shows the fis

ing stability of vessdl34].

A STABLE FISHING VESSEL

—
WIND |
=
b

Figure2-17: Stable fishing Vessel
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A fishing vessel is callednstablewhen it does not h&venough positive stability tounter the
external forces generated by current weather and fishing conditionagsidesLook the fd-

lowing figure 2.18 bellow.

AN UNSTABLE FISHING VESSEL
) —

WIND >
4
#

VESSEL CAPSIZES

[ \

L

\/
VESSEL AT REST DISTURBED BY WIND/WAVES/ETC.
Figure2-18: Undable fishing Vessel
Important LessonSince a fishingg s sel 6s stability is constant
to changes in the weather, the vessel ds | oar

vessel may become unstable.
When is a Vessel Stable or Unstable?
Whether a fishing vessel $$able omunstable depends on two key factors:
1) The moments acting to right the vessel (Ve
2) The moments acting to capsize the vessel (weather, sea conditions, fishing operations, etc.).
In the figure below2-19, theuppergreen line represents the total righting moments available and
thelowerred line is the total capsizing moments acting on the vessel during a voyage. As long as
the moments available to right the vessel (the green line) are greater than the motingnts ac
capsize the vessel (the red line), the vessel will remain upright and is considered stabie. The i
stant the moments acting to capsize these@le@he red line) are greatidsan the moments avad
ble to right the vessel (the green line), the vebsebmes unstable and will capsize. Important
Lesson The key to having a stableessel is making sure there is sufficient stability to counter
the capsizing moments from the current weather, waves, and fishing conditions during the entire

voyage Figure2-19 shows stable versus unstaf3d].

STABLE VERSUS UNSTABLE

r STABLE FISHING VESSEL

UNSTABLE ssige-
WILL CAPSIZE

WILL REMAIN UPRIGHT

MOMENTS ACTING TO
RIGHT THE VESSEL

MOMENTS ACTING TO,
CAPSIZE THE VESSEL

VESSEL
CAPSIZES

- TIME - FISHING VESSEL'S VOYAGE —-

Figure2-19: Stable Vs. Unstable
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Note: Both of these moments are constantly changing during a fishing vegsgle. The figure

2-20 bellow shows the key stabilityrtes of the vessel.

KEY STABILITY TERMS
FORECASTLE
DECKHOUSE MAIN DEGK OR
FREEBOARD DECK
STERN
AMIDSHIPS
FREEBOARD FREEBOARD
L) T
HuULL

DRAFT

FREEBOARD DECK

WATERTIGHT
DECKHOUSE
STERN
FREEBOARD
o o AMIDSHIPS
FREEBOARD }
X 'y
1
HuULL

DRAFT

Figure2-20: Key Stability Terms

Hull: -The enclosed portions of the vessel below thédsgywatertight deck that ruesntiru-
ously from the bow to the stern. In most fishing vessetsnthin deck is the highest watertight
deck.

Superstructure or Deckhouse -The enclosed portions of theessel above highest watertight
deck.

Waterline: -The position of the water surface along the hull.

Freeboard. -The vertical distance between the whkte and the highest watertight deck.
Draft-The vertical distance between the waterline and the bottom of the keel.

Watertight Envelope: -The hull and watertight ptions of the superstructure deckhouses.

Theentire watertight envelope must remaintwar t i ght t o ensy3e the ve

2.8.1 How Stability Works

1) There are two primary forces,gravdyn d buoyancy, that provide
A. The center of buoyancy f BO metrg ceater aithe fue mat i
memedwatertight volume of the vessel.

B. The outboard shift of t hehetreeboarckedeck edgedbb uoy
comessubmerged and eventually reverses direction as the vessel heels further.

C.The center of gravictay ciGati snaofmathemamnidc &

gravities[35].
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2) An inclining experiment &lso called a stability test) is carried eoitdetermie a fishingves-

sel 6s thararteristedithatpare used in all stability calculations.

3) Afishingv e s s e | stays upright when theadthamther o f
centerofgraviti GO as t he fishing vessel heels over.
AHNThe center of buoyancy fABO shi hoftefisingwve- t he

s e | 6 shanhgess$ the vessel heels over.

A. Positive stability occurs when the center
centerofgr avity fGOo.

B. Negative stability occur s wheroutbbaldehancttent er

centerof buoyancy HABO

2.8.2 Wind and Waves- Wind on the Beam

A strong wind on the fishing vessel Owthobite a m
the crew being aware of the danger they are facing. The overall stability is rdohozece the
righting energy used to resist the beam wind (the red shaded area undendheeeling arm
curve)is nolonger available for other forcexing on the fishing vessel such as the waves or the
loads fromfishing gear.The following figure 221 describes the negat effect of the wind on

the beam.

WiND FORCE
ON VESSEL

1.00 =
0.75 =

0.50 = WHA = WXA/D

WHERE W = FORC W= THE WIND

0.25 =
0.00 —=

-0.25 =

NEGATIVE EFFECT OF

0 10 20 30 40 50 60 70 80 WIND ON THE BEAM
HEEL ANGLE - DEGREES

-0.50

RIGHTING ARM (RA) - FEET

Figure2-21: Negative Effect of Wind on The beam

Recommendations: When in strong winds, head into the seas to reduce the heeling moments from
the wind[34].

2.8.3 Wind and Waves - Icing
Operating in icing conditions s ifrgnmthefweightoht | vy
the accumulatingce becausesth e cent er of gravity AGO rises
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on the vessel. The freeboard is redulbedause fothe added wight, which causes the deck edge

to submerge at smaller hesahgles These are the same effects that occur when the vessetis

loaded.Figure 222 shows negative effect of icing on the beamtial vs. Overall Stabity i

Over loading fodetails. Recommendations: Whiemg conditions are encounterenmediately

take appropriateorrective action in any of the following procedures:

1
1

= =4 4 4 -

If possible, alter course to return to warmer or protected waters.

Steaming dowwind reduces the speedtbk ice formation, but use cauoti if the seas
arevery strongbecause stern seas increase the chance of broaching, boarding seas, or
burying the bow.

Secure all fishing gear below deckninimize surfaces that ice can form on.

Keep freeing ports cleaf ice to allow rapid draining of water off the decks.

Remove as much ice accumulation asaife for the current weather conditions.

Maintain radio communication with other vessels and shore side on a regular schedule.

All lifesaving equipment shouldebbroken out and ready for use.

LOST STABILITY
SAFE LOADING ORIGINAL RIGHTING FROM LOWER
ARM CURVE FREEBOARD
G \
] LOST STABILITY
\ E\(: FROM RISE IN G
-
=
'-_: -
12}
B 8
0 DEG HEEL 20 DEG HEEL w 0-
RISE ING ACCUMULATED ICING AccuMuULATED IoNG < REMAINING
" G o~ STABILITY o
LOWER w i Iql.'é]:\ﬁl,g /
INITIAL = ARM CURVE
FREEBOARD <<
G I 1 T 1 1 T 1
%U 10 20 30 40 50 60 70 80
HEEL ANGLE - DEGREES
NEGATIVE EFFECT OF ICING
0 DEG HEEL ICING 20 DEG HEEL

Figure2-22: Negative Effect of Icing

RecommendationsWhen icing conditions are encountered immediatghgsappropriate

Correctiveaction in any of the following proceds:

1 If possible, alter course to return to warmer or protected waters.
1 Steamingdownwindreduces the speed of the ice formation, but usearatftithe
seas are very strorigecause stern seas increase the chance of broaching, boarding
seas, or burying thbow.
Secure all fishing gear below decknanimize surfaces that ice can form on.
Keep freeing ports clear of ice to allow rapid draining of water off the decks.

Remove as much ice accumulation asaife for the current weather conditions.
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1 Maintainradio communication with other vessels and shore side on a reguldf sche

ule.

1 All lifesaving equipment should be broken out and ready fof34e

2.9 ANSYSAQWA

ANSYS Agwa provides an engineering toolset for the investigatidheoeffects of wave, wind
and current on floating and fixed offshore and marine structures, including: spars; floaiing pr
duction, storage, and offloading (FPSO) systems; ssubimersibles; tension leg platforms
(TLPs); ships; reewableenergy systems; and breakwater design.

1 Aqwa Hydodynamic Diffraction provides an integrated environment for @gweg the
primary hydrodynamic parameters required for undertaking complex motionseand r
sponse analyses. Thrdanensional linearadiation and diffraction analysis may be-u
dertaken with naltiple bodies, taking full accouf hydrodynamic interaction effects
that occur between bodies. While primarily designed for floagtngctures, fixed ba
ies such as breakwaters or grasbgsed structures may be included in the models.

1 Computation ofthe seconarder wave forces via the full quadratic transfer function
matrices peanitsuse over a wide range of water depths.

1 Aqgwa Hydrodynamic Diffraction can also generate pressure and inertial loading for use
in a structual analysis as part of the veswull design process. The results from fa di
fraction analysis can be mappento an ANSYS Mechanical finite element model for
further structural assessment and detailed deSigiee the mapping function automat
cally accounts for mesh differences betwélge hydrodynamiand finite element nab
els they do not have to be topologically identical.

1 Agwa Hydrodynamic Time Response provides dynamic analysis capabilities faor unde
taking global performance assessment of floating structures in the time domaiohe A w
range of physical conngaons, such as mooring lines, fenders, and articulations, are
provided to model the restraining conditions the vessels. In addition, skaeping
simulation may be under taken with the inclusion of forward spéfedts. Slowdrift
effects and extremeave conditions may be investigated, and damage conditioak,

as line breakage, may be included to study any transient effects that may occur
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CHAPTER THREE
3 MATERIALS AND METHODS

3.1 Materials

Thetable3-1 belowshows he mateal used for prototype.

Table3-1: Thematerialso beused

NO Item Specification Quantity
1 Aluminum sheet 6000x 6000 x5 [mm] 1
2 Internal Frame 3000x250x25 [mm] 20
2 Generator DC115 2
3 Lead acidBattery 12V/200AH 2
4 Structural steebpur Gear | GR72 2
5 Structural steePinion Gear | GR18 2
Table3-2: Equipment

NO Equipment

1 volt meter

2 Measure Tape
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3.2 Methods

This sedbn describeshemethods usetb complete the objectives of this thesis.

Develope Conceptual Model

|

Data Collections from |
recritional lake ) |

Java Code

Recomended Propeler size

Recomended Turbine
Size and Generator

5D Modeling Via Catga V5

|

A quwaBoudary Conditions

Stability Test using
ANSYS AQUA

Result

Material Recomendations for
each basic parts

Static Structural Analysis for
Boat Hull

Static Structural Analysis for
Turbine Mounted Frame

Reduction by Scalling

Static Structural anavsis for
Turbine Shaft

L

Recomended bearing size and
Gear

Prototyping

Figure3-1: Work Flow of the Project



3.2.1 Develop Conceptual Design

The concept for th&urbine mounted boat design was developeallow theconversion ofvind
enery into the electal energyfor propulsions of boatt is initially created from @heet metal
body which iscompact assembl&he main design difference between the concept and the pre
existingboatis that the conceptudlirbine boatcanwork under lowwind velocity, Turbines no
need the yawing system, Two turbine rotates on opposite directions to maketaemmoment
that created by the each bladie.theory, this should improve tHgtability performanceof the
boatin comparison with theigid shipthat mounted with conventional type of windlune. The

following figure 32 represents the conceptual design of turbine mounted boat

Figure3-2: ConceptuaBoat Design

3.2.2Types and sources of data

For thepurpose of tts study the type of data that wasel is both primary and secondary data.

The primary datavas collected from selected categories ot ree at i on all per soni
lakes in EthiopiaThereforefor this design of the boat and for mordesaork it is better to

check recreational boaind itsspecifications, which found in the country EthiopiByshoftu
(Babogaya lake)Langang Bahidar.etc. The sample size that was selectedrftarvieweeis

shown on the table-3.

3.2.2.1 Study Area

Beforent er vi ewing and gathering the inf daremat i c
was recommended tax that mysstid. Then the researcher made a tawound the lakes to

check how it looks likes of the lalgurfaces, theuality of water, waveheightat calm water

conditions, looking working boat and narorking boat at the laké\rea contains recreational
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hotels, maritime training institutsompany Then the decision was mattetour on the lake by

paddle driven boat of one owrterask the informadi n.6 s

3.2.2.2 Questionnaire

A set of interviewedjuestions, devised for a survey or statistical stielcribed as follow
1 Whatabout the size of thiake?

What is the depth of the lake?

At what time andhe dayperson wants to recreate?

What abouthe servie allowancef the boat per d&y

Whatabout theprice forrecreational on one bdat

= =4 A4 -4 -

Many time whichtype of the hullworksonthese lakedjat bottom skiff or V planning hull
or U shap@

1 Finally the dimensions of the boat were measured

3.2.2.3 CollectedData and Gathered Information

1 The maximum depth of the lake 48m according to the interviewed

1 According to the information gathered from boat owner the seofithe boaton
Babogaya lake many time from :026:15 PM. Because many time person recreat
afterroon m this lakeThis was used tdEstimate the service allowance for theat
The Estimationis depend orperday serviceOne can work @:15 hours; this is
approximle determined as.

Timg houry  8.25
Unitday(houy) 24

Service allowance 0% 3IHU

1 The recreatingprice of the boat on this lakeimde depend on the time takesf

recreating person
The hull shape ahanyboat used on this lakeasV flatt bottom

On the lake therewere many boat that have different sizdBut as a sample the

mesured size of boat shown on tabig Below

Table3-3: Intervieweddataon Paddle driven and 1f2p motor boat

Parameters Value
Breadth 1.5m
Lw (Water line length of the boat) 3m
Draughfthe depth of water needed to float a bog 0.25m
Displacement for eighgerson + boat weight 0.8 ton
Bottom corner fillet radius 0.15m
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Material of this boat was Fiber
Fromabove Bble of 33, asthe information from the boadwnersaid; The over all mass was
800kg But the size ofthe boat seams very small when ébmpare with recomendedotal
weight ofthe boat.Therefore thedeadedidea of this boat wat® increasets sizeto that shown
on Table 34.
Table3-4: Scaledsize ofInterviewed data oRaddle driven aniiOhp motor boat
New Idea of the boat from 3D model of boat hull On CATIA V5 and its dimensions Assumpsions

are followed as;

Parameters Value
Lwi (overall length of the boat) 6m
Draughtthe depth of water needed to float a boq 0.365m
Displacementnh) 2.5ton
Bottom corner fillet radius 0.15m

theassumed Material of the boat was Alluminium Alloy instead of fiber.

The secondary data wabtained from internet and reference bdédér the detail calculation the
design d&a books are used. Espeaddalthis design of boat the ITTC recommended many €erm

las are usetb determine propulsiopower.

3.2.3 Methods of data analysis

In order to achieve the required objective this study will try to useydedata book. Then the
data wasanalyzed by the necessatgsign of some empirical legion formulas and alsased
ANSYS Hydrodynamicssoftware for simulation andANSYS Static structurahnalysis for basic
strudural component partdhes o f t waedan dhss thesisvere ANSYS 16, CATIA, and
SOLID WORK.

3.2.3.1 Resistance and Propulsion power
Resistance is the total force that resists the boat during the poopodsiod. The opposite is the
propeller force thatised to overcommtal resistance of the boat. Figa8 showshe basic d

mensional parameters of the lhggometry.

—_
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Figure3-3: Hull dimensiongSource ITTC57)

Shipbuilders often use block coefficieng,ep based on the length between perpendiculars,
Lep in which case the block coefficient wiis a rule, be slightly larger because, as praviou

ly mentionedon figure 33, Lppis normally slightly less thany..

To calculate the propulsion power for a ship, the resistance and the total propulsive efficiency
have to be determined with the highesssible accuracy. As empirical methods are normally
used for these calculations, it is worthwhile at least to know the accuracy of the different
elements in the calculation procedures such that the propulsive power can be predicted in
combiration with an estimate of the uncertainty of the result. In the following the calculation

procedures used for the present project will be described in jdéthil

3.2.3.1.1 Fixed values

Accordingto thereport written for design of any vesselsioternational taing tank conference

fixed valueis described into thresategories.
a.Design valuesLoa, B, T,, V
whereLoa: Length overall

T= The draught at a midships
B=Breadth
n=Displacement or Volume of water displaced
V= Speed of vesel
b.Calculated valuegusing design values)Cg, Co,M, Fy, R,
Fn: Froude numbeima dimensionless number used in hydrodynamics to indicate how well a particular

model worls in relation to a real systefdamed aftethe Engl. civilenginer William Froude
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(1810 79).
Cg: Block coefficient
M: Length displacement ratio or slenderness ratio
Cy: Prismatic coefficient
c.Calculated values using approximationS (vetted surface arga

d.Environmental constantsWater densy, temperature, kinematic viscosity

3.2.3.1.2Variables

the variable used to determine effective power of the vessels described as ITTC1957

1 Speed
1 Vessel type
1 Sailing condition: Displacement, draft and trim
1 Total Resistance Coefficient
1 The total resistance cifieient,Cy, of a ship can be defined by:
G =G MG G G S _%2 =6 .6 ... ¢ .é.é é Equation3-1
57, O

Where:  Cr_is Skin friction Coefficient
Ca_is correlgional allowance coefficient adncreamental resistance Coefficient
Caa_is Air resistance coefficient
Cr_ is Residual resistance coefficients

Rr _Total resistance Coeffients

r,, _water density

Vm _model speed
This is the originally ITTC1957 method from the International Towing Tank Committee (ITTC).
All parameters in the above equation willdescribed in the present section.
i.Wetted Surface(S)
The wetted surface is normally calculated by hydrostatic programs. However farkaaqd
fairly accurate estimation of the wetted surface many different metimod$omulas exist

based omnly few ship main dimensions, as example Mumford’s formula below:

////////

ii .Frictional Resistance Coefficien{Cg)
Thefrictional resistance coefficien€, in accordance with the ITFE7 formula is defined by:
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0.075 _ R EEeeeéeeée. e6eeeeéééééé e . Equation3-3

5 [47]
(IOglo Rw - 2) r—z‘”(yz D

C =

where the frictional resistance,s sum of angential stressesoag the wetted surface in the
direction of the motion anR, is the Reynolds number:

vVQa
R, = ® [A7]¢éé e éé . eeeééééééééééééé Equation3-4
n

WhereLpp -length between perpendicular
n=((43.4233-31.38 3r) t¢ 26y *** 47478 5.779 r )3f0 3 [.....EquatiorB-5

wherev is the kinematic viscosity of water:
t is water temperature in degrees CelciH®w to take into account the too small Reynolds

number#igure 3.4shows the condition of flow over flat plate.

v —
= A 1(y) N
2 : N A T Turbulent
— z & T e
[ ; =~ ¥ SN s O N region
—> i o’ A Y1) e
< "\ ¥ N N < Buffer|
> - = A — A A, — uffer layer
[ — 2 | — W o W NG NG N ;7/ Viscous
> > T - = - i sublayer
Not to Scale
Laminar » Transition -»< Turbulent

Figure3-4: Flow over Flatplate

As in the original resistance calculation methay Harvard €alledi Shi p Resi st anc e
decided to leawout a form factor in the gpart, but include a coection for special hull forms
having U or V shape in the fore or after body, as suggestéthtndd. The influence of a biod
ousbow on the resistance is included in a bulb correction

iii .Incremental Resistance Coefficient

The frictional resistanceoeffident is relatedto the surfaceoughnes of the hull Howeverthe
surface roughness of the modellwe different from the roughnesd the ship hull. Therefore,
when extrapolating to ship size, an incremental resistance coeffigieatadded in order
to include the effect of the roughness of the surface of the $hip.incremental e-
sistancecoefficient for modebkhip has ery often been fixed at,€ 0.0004Shownthat G
decreases with increasing ship size and following roughness correction coeffigeopased

according tdHarvad.
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iv.Air Resistance Coefficient
ITCC-78 description®f air resistance coefficient€aa.
CAA=L [47]e ééeeééeééeeééeééee.e.... . EBaguation3-6
1025S
Where:Ayr -average frontal areaf the vessels above water plane
S-wetted surface area

v.Residual Resistance Coefficient

The residual resistan@mefficient, G, is defined as the total model rearste coefficient minus
the model friction resistance coefficiefitarvald-1983 describehis ideaalso by considering

hull form.
R=G _CF[47].........................Equation3—7.

1 Hull form A hull shape correctioto Cris applied ifthe aft or fore bdy is either »-
tremely U orV shaped
Fore body Extreme U- 0.1 x 10°Extreme V: + 0.1 x 16
After body Extreme U: + 0.1x10° Extreme V:- 0.1 x 10°
As descriled earlier thecurves forCg are given as furction of the three paramete&hown on
APPENDIX I1l: The lengthdisplacement ratio (Mthe prismatic coefficient (§ and finally the
Froude numbe(F,). From theAppendix the value of g£canbe determined according the

[ITTC57] (according to the international towing tank committee on mariinsEute).

_ L iorg-
M = D%L . A7) e Equatior3-8
CP = &
Cu (A7 Equations3-9
F = v
A T 7 Equation3-10

Where: Lw-water line length
Cg-Block coefficient
V-vessel speed
Cwu-mid section area coefficient

g- gravitational acceleration
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b -displacementn tone or meter cube

vi.Total Ship ResistanceRr

The total ship resistance represents the total force exerted during propulsion system. It is given
by the following equatio.12

R :ECr Ir S\
2 [A7]- oottt ettt Equatior8-11

vii .Effective Power

Effective power is thpower needed to overcome total resistenoee

viii .Service allowance

The service allowance is used ftgtermination of the installestain engine power, which means
that it shall be determined ek on the expected service atba siz of the Boatshall be
taken into account, as the serviceowdnce will berelativdy higher for small Boat ao-
pared to large BoaFurthermoe the hull form will also havaninfluence onthe necesaryse-
vice allowance.The moreslender hullform, the lessserviceallowance is neededccordingto
the harvland for differegrarea it is 1540 %

1 )
P.=R sv(1+ SO I O e Y ee— Equatic®13
E 100

Where V-speed of the vessel

3.2.3.2 Propulsive Efficiencies
Total efficiency:

= 3 1 B e EquatioB-14

Where:

h,, -Hull efficiency
h,-Propeller in open water condition
h,-Relative efficiency

hs-Transmission efficiency (shaft line and gearbox)

a. Hull efficiency
The hull efficiency is a fwction of the wake fraction, ,wand the thrust deductidinac-
tion, t, [Harvald 1983]

h, =

~
N

.................................................................................. Equati®@l5
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The form in the aft body (Fa) can be described by facfe2s 0, +2], negative value®r U-
shape, positive for Mhape and zero for-shaped hull formWake fraction determined as
ITTC57 and thrust deduction.

0.8 B TP rou 0.025F 0.00756 F
T, e T 105 C, 07 & "o
: 5g5. 202" B +11700%B 0 @9scy 1+ o ($+0-002f 4
L (; WL T L
[ 7] —————————— e e e ettt ———————— Equat®h6
0.625 B 0165 e ab
t=— L .08 + - L > 0:01F3 2 g%’ﬁ 0.04
0
: 525 2000 B +2o300% 5 (0.98C,H) 1+ ¢
L ¢ -
[ 7] e a e e e e e e ————- Equabdry

Where Cg-block Coefficient
w -wake fraction
Dprop -propeller diameter
Lw.-Water line length
t- Thrustdeduction fraction
b. Propeller efficiency
Basic factors for the boat
| Lw. shaild be = loa % 0.87
1 The relationship ba/Width = 2.8 3.2
i The maximum hull angle at the transom shield 5 13°
1 The displacement should include load and passengers
1 The total output at the propeller = flywheel output x 0.93
1 Hull form = U-bottom with rouncbr flat [34].
D ., =0.71% max_draught O.(

prop [ITTCS7].cciiiee e EquatioB-18
R ) T e, EquatioB-19
V,=1 w) V Equation3-20

Where:V- Vessels speed

V,-Propeller speed
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R -total resistance force

c. Relative rotated efficiency and shaft efficiency According ITTC, behingropeller efi-
ciency as the reldive rotated efficiency imverage is close to one (it normally varies b
tween 0.95 and 1.)03he size d this value depends of propeller shaft lengthmber of
bearirgs and thegearbox. For @haftline with directly mounted propelles approximately
0.98 while it is 0.96/ 0.97 for a shaft syste including a gearbox solution.

3.2.3.3 Propulsion Power, B

Propubkionpower is the total power needed for propulssomver all power

P, = F% 4 Equation3-21
T

Where A, -Total efficiency

P,-Propeller power

P. -Effective Power

3.2.34 Principles of savonius rotor wind turbine

Savonius turbines are one of thieplest turbines. Aerodynamically, they are digue devices,
consisting of tw or threeblades Yetrtical i half cylinders).A two bladessavonius windurbine
would look likean " | e t timarosssebtiamFegure 3-5 shows the cross section ofvea

nius rotor The savoniusvind turbine works due to the difference in forces exert on each blade.
The lower tlade (the concavialf tothe wind directior) caught the air wind and forces the blade
to rotate aroundts centré vertical shaft. Whereas, thgper blade (the convex half to wind d

rection) hits the blade and causes the air wind to be deflected sideway af@ihd it

‘\ ¢ BLADE
F(‘ﬂlll’(’.\' .

= <
@ > -
) —
/) b

V

—— —

F('l)llt‘ll ve (

'/l'l”"f

<

Figure3-5: Schematidrawing showing the drag forces exslon two blade Savouas
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Because of the blades curvature, the blades experience less drag fafeg (Fhen moving
against the wind than the blades when moving with the wing.{kd. Hence, the half cylinder
with concave side facing the wind will experience more doace than the other cylinder, thus
forcing the rotor to rotate. The differential drag causes the Savonius turbine to spin. Far this re
son Savoniudurbinesextract mucHess oft h e  vwpbwedtl@as other similarly sizéift type
turbines becausmuch of the powerl8].That might be captured has used up pushing the

convex half, so savonius wind turbine has a lower efficiency.
I.Swept Area

The swept area is the enclosed area when the turbinenistion; the s1ape depends on thertu
bine orientation. The swept area of an HAWT is circular shaped while the VAWT hasra recta

gular shape and is calculatedngs

A=H D 1 EquatioB22

Where: As- swept aredm?],
D -the rotor diameter [m], and
H - Bladelength [m].
The volume of air is limited by the sptarea of the turbine. The rotor converts the energy from
the wind in rotational movement so a larger area will give a larger power output from the same

wind conditions.
ii.Power and Power Coefficient

The power that the rotor extradrom the wind isnechanical power given by
N I 7 2 1 4 SRR Equation

Where: T- Generated torque on the turbine rdtém]
w-Angular velocityof the rotorfrad/sec]

The Wind Power can be computed from the formula:

> :%r ST A 1 4 OSSR Equatih

Where: - the velocity of the wind [m/s] and
} - The air density [kg/f,
Thereference densi used is standard sea levealue (1.225kgh’). As is the rotor swept area,

[m?]. The available power is dependent on the cube of ttepagd.
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Note that the efficiency curves of the Savonius and the American nlade designs were ida
vertently switchedln some @stpublications, theyliscouragedhe study of the Savonius design.
The fallowing figure 36 shows the power coefficient as a function of tip speed ratio for different
type of wind machines.
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\’\Ideal Betz limit for
multiblade turbines

High speed two blade

turbine

Savonius Rotor
American \'\ ) )
Multiblade Daavius Rotor

Dutch fouwr arms windmill

o

1 1 1 1
1 2 3 “ 5 s 7
Rato of Blade Tip Speed-10-Wind Speed

0S5 -
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Power
Coefflicient,
C,.
0.3 b

0.2

Figure3-6: The power coefficient Cp as a function of the tip speed ratio for different ward m

chines designs.

_ the extracted power fromthe wind P,
the available power of thewind P

w

o [L7] e Equation3-25

Oy represents the part of the total available power thadtisally taken from wind, which careb
understood as its efficiencyhere is a theoretical limit in the efficiency ofvnd turbine dete

mined by thedeceleration the wind suffers when going across the turbine. For the HAWT, the
limit is 19/27 (59.3%) |ad is called Lanchestdetz limit. For VAWT, the limit is 16/25 (64%).
These limits come from the actuator disk momentum theory which assumelnaresional
steady,in viscid and without swirl flow. The power coefficient only considers the mechanical
enagy converted directly from wind energy; it does not consider the mechamticalectrical

energy conversion, which involves other parameters like the generator effigi@hcy
iii .Lift or Drag Type

There are two ways of gefginthe energy from the wind depending on the main

Aerodynamidorces used:

i Thedrag type requires less energy from the wind but gets higher torque and isruse-
chanical applications as pumping water. A coom representative model dfragtype
VAWTSs is the SavoniufL7].
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| Thelift type uses an aerodynamic airfoil which creadst force, and the airfoil camove
faster than the wind flow. This type of tuness is used for the generation of electricliye
most representative model of ldt-type VAWT is the Darrieus turbine; its blades have

troposkein shape whick appropriate for withstandiriggh centrifugal forcefl7].
iv.Torque

Figure 37 shows how the torque can be created

=rxF
=rxXp

Figure3-7: Torqueformula

The torque is a measurement of the turning force of gtbthich is presented in thdathe-
maticalequation, where F is the force and r is thoment arm about the axikrotation
Y="0 1

v.Angular Velocity

)

s

Time = At

Figure3-8: Angular velocity diagram

The angular velocity is known as the rate that the anglisplacement changes and ¢enrep-
resented by the equation:
1 =0
Where: < -the angular speed [rad/s],

—theangle measured in radians andrhetime [s].

3.2.4 Java Programing Language

The java code was used on this projealdétermineall necessary dimensions and the propulsion
powe of the boatAll formula of hull geometry was written on this program

il To minimize manual calculation.
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1 To get any size of the boat propulsion powstead of trying many time by hand

i To do the small size of prototype the power and dimensions can lededsrmined.
From appendix | of java code part | we can deterntireebasic dimensions and othexr-p
rameters likdFroudenumber that represent speed per squawradtgravitational acceler
tion times over water line length of the boat hdkenderness ratio, Prismatic coefficients,
and Wetted surface area of the boat at maximum design drdagatcode part Il is used to

determine the propulsion power.

3.2.5 Stability Test Using ANSYS AQWA
ANSYS Aquathat usedn this analysisvas to provideghe effe¢s of wave, wind and current on
floating systems
1 AquaHydrodynamic Diffraction can generate pressure and inertial loading for use in a
structural analysis as part of the vessel hull design process.
1 Theresult from a diffraction analysis wasapped ont@an ANSYS Mechanical finitele

ement model for further structural assessment and detailed désigat hull

3.2.5.1 Principles of static stability

The principals involved in the stability of a vessel are well known and understood, although they
are complex to deulate analytically, as they rely mainly on the geometric shape of the vessel
under study. The intricate curves found on ships require numerical integration, usually using
Simpson's rule, to evaluate sectional areas and voliinassthese areas changehwitraught,

trim, heel etc., it would be too large a task to perform a full stability assessment by haed. Ther
fore, the Hydrostatics softwafdNSYS Hydrodynamics published.

3.2.5.2 Stability Theory

Stability is according to Aqua Theory Manual divided into twoedéht types of stability, hydr

static stability and hydrodynamic stability. Hydrostatic stability refers to a body being affected by
nothing more but the buoyancy force and the gravitational force in still water. Hydrodynamic
stability gives a more detaddook of the stability; it considers the waves that interact with the
body, the forces acting on the body while the body is inanaind similar dynamic effectSta-

bility is determined by the relationship between three things, center of gravity (GEr oé
buoyancy (CB), and something called megatric height (GM). Also we need to know thé di

ference between initial stability and reserve buoyancy.
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Initial stability:

|l i sts to

A measure of

one side

t he

or t he

boat 6s

ot her

ability to

when sittir

initial stability. But this boat once heeled may have high reserve beyayan

Reserve buoyancA measure of the increase in buoyancy and stability as thenbeks over. A

boat with large reserve buoyancy tends to right it, easily and quickly, while a boat that has

low reserve buoyancy tends to come upright very slowly or not at all. Normally, unider sta

ic conditions, if you draw a vertical line upward frohetcenter of buoyancy it will pass

through the center of gravity. At rest with no heel, the center of gravity should be directly

in line vertically with the center of buoyancy

First a few definitions

Center of gravity is the point in the boat where &althe forces of gravity (down) are equal. In

other words if you could balance the boat on a point, this would be the point where it balances.

Center of buoyancy is the point where all the forces upward from the water are acting. h-is esse

tially the cente of the underwater volume of the boat.

A Metacenter is an imaginary point at some height above the CB and CG of the boat [40].

Figure 3.%ellow shows the details of points.
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Figure3-9: Detail of Geomety on water body
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5 meters. Thé&letacentric height should never be less than 0.15 meters for any typs-of ve

sel [43].
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Vessels Less Than 16 Meters Measured Length

The stability of a vessel less than 16 meters in measemgthlmay be considered satisfactory

if the metacentric height (GM) in the worst anticipated condition of loading is not less than 0.75
m, and the angle of deck edge immersion at the point of lowesbaekis not less than 14°
[45].

3.2.5.3Wave Loading Impact
Motion of a ship defined with a right handed coordinate system with forward motion as ithe pos

tive x- Direction and positive heave upwards. Waves incident on the structure or ship @n be d
scribed as head seas, following seas, beam seas, or quartasriepending on the incident d
rection. Figure illustrates the first three cases and quartering seas are defined as thpse that a
proach the ship from the either the port (left) or starboard (right) stern quarter of theeship (b
tween 96and 186 or 180 and 270°). Figure at left shows head, beam and following seas. The

incident angle, 1, is measured from the bovaxis is 1 = 6) counterclockwise [46].

— | headseas
bow J O
/\ beam seas
midships 90° 210" ‘ | | |
il -
stern
A 130“
T}
——  following seas >
R — v—

Figure3-10: Incident sea description.

3.2.5.4Computational domain definition
A large domain was created in order to avoid effects from the domain boundaries to affect the

flow near the hull. Since only the dynamic sink age and trim angle were studied, a symmetry
plane was defined along the longitudinal axis oftbh# and only half the hull was included in

the domain. In Figur&-11, the computational domain is illustrated and its dimensionsxare e
pressed in terms of the overall hull length, LOA these dimensions agree well with the minimum

recommendations of ITT(24].
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Figure3-11: Minimum Consideration ofichensons for Analysis

Therefore the minimum depth of the water should belkaccording to ITTC
Depth=2.5x7=17.5m.
This is the minimum depth aaing to the design model the shallow water depth is up 60m
Frequency of wave for shallow water is belo@3Hz [41].

3.2.5.5Mathematical model for riverboat dynamics
The mathematical model of boat motion makes a few assumptions: (a)odhé figid body

and oscillations are ignored, (b) the boat is symmetrical with respect tg atgs»on
Figure3-12, (c) boat motion is restricted to tvebmensional motion only, and roll and pitch
oscillations are ignored. Restrants are possible because of the specific boat geometry,
as they are much wider than conventional boats. As mentioned in the introduction, the

foundation of the model is the square drag law [39].

Vi

o

Vi
A :

X

Figure3-12: External forces with defined angles and relative direction in the bggg)x

3.2.5.6 Sailboat keels

The keel was also considered on this designed bosailboats keels ge the forward motion of

the boat to generatdt to counteract theeewardforce ofthe wind. The rudimentary purpose of

the keel is to convert the sideways motion of the wind when it is abeam into forward motion. A
secondary purpose of the keel is to provide ballast. Keels are differentdraerboardand

other types ofoils in that keels are made of heavy materials to provalkstto stabilize the
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boat. Keels may be fixed, or nomovable or they may retract to allow sailing in shallower w
ters. Retracting keels may pivot (a swing keel) or slide upwards to retract, and are usuaty retrac
ed with awinchdue to the weight of the ballast. Since the keel provides far more stability when
lowered than when retracted (due to the greatanentarm involved), the amount of sail carried

is generally reduced when sailing with the keel retrajegt2fl

Types of norfixed keels include swing keels andnting keelsThey provide considerably more

righting moment as the keel moves out to the windvsaald of the boat while using less weight.
The horizontal distance from the weight to the pivot is increased, which generates a latger righ

ing mament [42].

3.2.6 SetAQUWA Boundary Condition
1. Geometry was inserted from Catia V5 to ANSYS 16 Hydrodynamics. Then water plane line
is set under this geometry options. The draught or height from surface to the underside of

boat was labeled by using cut water plan@aare
2. The model is transferred from geometric chamber to the model analysis chamber. On this,

i The depth of water was set to according to the globardmate systems. Depth of the
water was estimated as 250m depth, this assumption is deep water.

i On theg processes of step the imported mass of structure was by using manual system,
the radius of gyration must or Inertia value was used during importing the point mass.

1 wind and current coefficient data was set according to data read from Appendix I

Note wind and current force coefficientorks under hydrodynamic response only.

1 Mesh generation tools. The mesh used on this hull shap&lobal Basic mesh type
The size which program controllable ahé imaximum element size was seb&ilm.

Diffeaturing . - If Global Controlsset to Basic, a limited number of meshing options ard-avai

able in the Details panel. The mesh is automatically generated on the bodies in the model;
its density is based on thgiffeaturing tolerance and maximum element size pararaete
The Diffeaturing Tolerance controlasow small details are treated by the mesh. If the detall
is smaller than this tolerance then a single element may span over it, otherwise the mesh
size will be reduced in this area to ensure that the feature is dndstedefeaturing tote
ancecannotbe greater than 0.6x max elemeaite. So diffeaturingtolerancewas set to
0.5m

Added Sizing mesh - Adding a Mesh Sizing object enables thEnement of a mesh on a given
partof thebody by enabling a smaller elemesize to be associated to the geomdtryas

set t00.15m
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3. Wave Directions - The Wave Directions tree object enables the definition of a range or
single wave direction to use in the analysis. If Types set to Single Direction, Forward
Speed, you caanter a structure Forward Speed and a Wave Direction. In this case, only a
single wave direction can be analyzed. If Types set to Range of Directions, No Forward
Speed, waves are automatically created 80 and +18@lirections and either the Interval
or the number of intermediate directions (No of Intermediate Directions) can be specified.
If a direction range is of particular interest, additional ranges or specific directions can be

addedOnthis analysis the range of direction was set to no forwaddsp

A

Number of intermediate frequencyds se

Number of i nter medi ate Directionbo

(@
(7]
(7]
D

wave direction interval is set to standard 45

= =4 4 -

wave grid size was set to 10

4. Hydrodynamic Pressures and Motions Results
The Pressures and Motions resultsesbjenables the visualization and display of a number of
results generated from Aqua once a hydrodynamic solve has been performed. The Incident Wave
Amplitude can be modified to provide results that are factored from the unit 1m wave that is the
default; treme modification may extend results beyond the capabilities of a linear analysis. And
the response amplitude operator (RAO) also determine from simulations.
Simulations Trials:
The simulationgrials werebased on vertical center of gravity (CG) in [amd Mass in [kg]
From first trial to final fifth tria] the mass was estimated as only structural messptun-
der fifth trial 2500kgmasswas assumed as full load conditions.
Trial 1: m = 850kg, CG=1m
Trial 2: m = 850kg, CG=0.75m
Trial 3: m = 578kg,CG=1m
Trial 4. m = 578kg, CG=0.75m
Trial 5: m=800kg, CGH.5m
This trial was the final trial test f@analysisof boat hull
Underthis condition, fullload is encountereak the same CG valwehich is estimated as
Trail 6: m=2500kg, CG=(bm
Simulation in Shallowvaterwas donethis simulationwas done ofrom17.5m to 100nn

shdlow water for visualizationThis step is the final test of boat

5. Hydrodynamics time response was mapped to the system of hydrodynamic diffractions.
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| wind speed was set according to the ITTC of Beaufort maximum 35m/s at wave
height 15m

The direction of the wind was set t0°45

1 Current speed also set ,from @&/s at 45

i One Irregular wave was inserted. It must be.

Finally all total response, animationgnd force, current force, even total force canve

gence in any direction also can be determined.

3.2.7 Sd Boundary Conditions for ANSYS16FLUENT CFD Simulation

The boundary conditions such as the type ofespltime, space, model cdlculation,so-
lution methods, number of iteratiorsnd Other situational conditions such as the wind velocity,
density,etc.,based from according to the other related researches.

The models were used to simulai@sed orthe wind speed a35 m/s is expected to libe max-
imum reasonablevind speedor lakein theEthiopiaand other area of the world

3.2.7.1 CFD Fluent Solver Type

There are two types of solvdPsessureBased and DensiBased. Both solvers may be used for
different types of flows but each can produeetter results than the other. The solvers differ
with how the continuity, momentum and energy equations are solved.

1 PressureéBased solver is mostly used for incompressible and mildly compressible flows.
i The DensityBased solver is designed for higpeed compressible flows. Both are now

applicable to both incompressible and highly compressible flows.

The Density Based solver wakosen in the simulation singehas a feature which makes it

more compatible for models with real gas.

1 Mesh Used was relermae fine mesh and the others setting of meshes was default set.
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a.Velocity Formulation

Velocity Formulation also has two typeAbsolute andRelative. TheRelativeVelocity Fornmu-
lation was chosen as it was for Dend#igised soler. It is also preferred in applications where

the flow in most of the space is moviagthere are relative motions between two partidis

b.Time

For Time, the researcher used Steady state for the model to be tested s depéndent.
¢.3D Space
My simulation isbased orthreedimensionakpace

d.Gravity

Gravity was not considered in the simulation since its effects were seen to be negligible.
e.Units

The simulation used the metric system of measurement.

3.2.8 CFD Fluent Solution Setupi Models

In the model settings, only the Energgtting was turned on and thiscous model as set to be
Standard fepsilon.The Energy setting must be able to calcutat transformation of energy
from air to the rotor. Meanwhile, Standar@gsilon was chosen because of its practical precision
for the wide range of turbulent flows which made it popular for industrial flow and heat transfer
simulationg36].

3.2.8.1Solution Setup 7 Materials

The materials chosen for the fludere air as chosen from tiduent Fluid Materials. The Air
density property was set to be ideal géhereaghe material chosefnom the FluenSolid Ma-

terial was, thesdid rotor was set to be aluminurd6].
3.2.8.2Solution Methods

Implicit formulation was used becaubke converged tsadystate solution can babtained
much faster comparedo the explicit formulation. Howevethe implicit formulation needs

more memory than the explicit formulatiomheremaining settings were left to be defdB88].

3.3 Java Code Output Results

Thetable 35 belowshows the collected data and some standard parametershaluas used
to calculate th@ropukion power.
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Table3-5: Estimated Results farava inputpart |

Parametrs Values
LoA(over all length of the hul) 6m
Draught 0.365
\ (speed of boat) 1
Displacement() 2.5ton
Bottom corner fillet radius of the boat (assume) 0.15m
Length width ratio 3
Roof considering Height 2m
Standard temperature of the water at Babogaya lake 25°C
ITTC correction coefficient for U form aft body planning Hull 0.0001
Gravitational Accelerations 9.81m/$
Density of the water (sea water condition) 1025kg/mt

Part |

kkkkkkkkkkkkkkkkkk I N P U T R E S U LTS******************

enter over all length of the boat LOA in m=6

enter overall length to width ratio of the boat from Standard of Ro&B8.2 LOAW=3
enter Draught of a midship in m=0.365

enter the maximurapeed of the boat in m/s=1

enter the density of the water in kg/m3=1025

enter the temperature of the water in 0C=25

enter the gravitational acceleration in m/s2=9.81

enter the Displacements in ton=2.5

enter the fillet radius of the hull on the waterlirgge in m =0.15

enter frontal average area of the boat above water line in m2=6

enter the incrimental resistance coefficient for model=0.0004
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enter the correction coefficient for boat hull geometry for U or V shape according to ITTC fro to
=-0.0001

skiriok tkinkrink QU TPUT RESULT St tktkkhthtik
Prismatic coefficient=0.8635994051147313
Slenderness ratio=5.1

Block coefficient=0.8144347814472409

Froud number=0.14137753599223746

partial Resistance coefficient=0.06130141069623286
*rrrkeekkBasic Dimensions o f the hul[rrsssx

LoA=6.0

Lwl=5.1

Lpp=4.946999999999999

Width=2.0

Bwl=1.7

r=0.15

D=0.365

S=10.166901782705477

3.3.1 Residual coefficient

Read From appendix [; residual coefficient was determined according to the (I)Dg 57

depending on below table@ three values calculated from java programming language of part I.

Table3-6: Residual resistance coefficient Parameters value

Fn=V/(gLy)"°=0.141

L/nY3=6/1.5"°=5.1

C,=0.814

Cr=0.001
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Part Il Java Code Input
Propulsion Powerit is the power needede from the propeler motor to propel the boat. Inserting
some result culculated in part | java code into Part Il
Table3-7: InputeResults For Part Il Java

Parameters Values
Block coefficient 0.81
Water line length 5.1m
Waterline breadth 1.7m
Design Draught 0.365m
Form Factor for U Planning Hull (ITTC recommeall -2
Propeller diameter (from the appendix of propeller selections range is 0.35m

6-14inches for small boat

Residual resistance coefgat 0.001
Partial resistance coefficient 0.061
Wetted Surface Area 10.16n%
Service Allowance on water 35%
Relative rotating effiency for propeller (no gear boxjassumption) 1
Shaft efficiency from0.9®.97 (including gearboxjrssumption) 0.96

enter the Block coefficients=0.81

enter the water line length in m=5.1

enter the waterline breadth in m=1.7

enter the maximum draugimt m=0.365

enter the the value of form factor Fa frot@,p]=2
enter the disk diametr=0.35

enter the Maximum speed of the boat=1

enter the partial resistance coefficient=0.0614
enter the Residual resistance coefficient=0.001

enter the wetted surfaces Ar€l0.166

an

K=




enter the density of water=1025

enter the service Allowance water in %=35

enter the relative rotating efficiency from 0-9%5 =0.97
enter the shaft efficiency from 04697 includingearbox=0.96
sekrmkkm OUTPUT RESUL THt+ ks
E=0.1222482954713958

Propeler power=3590.2649971241585
VA=0.6836833638217815

CTh=24.394793124957577

Eh=0.8461878267290259

BUILD SUCCESSFUL (total time: 1 minute 54 seconds)

From the results of above java code part Il programs the caldyledpulsion power is 3.6k,
Hull Efficiency 84% Overall Efficiency 12% Thrustload Coefficients 24 Propellerspeed
0.68m/s. So for the selection of propeller size the power needed from propeller mustess not
than 3.9kw.

3.4 Propeller size
Compact form of propeller is selectéithe propulsion power is according to the calculation of
java programming code which it gives 4kw or 5Hp it read from Appendix Il. The two 12v Lead

Battery is also considered with this type of propeller.

3.5 Recommended size of wind Turbine

How to calculate neessary power for the expected wind turbine wind

Assumption
h=2.4m
D=1.2m

Basic equations-The maxi mum power of the rotor is esti me

r3s AV € 17
% I L Equation3-26

o0 T I 4 SR Equat®a7
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r =1.225kg/m

Where: Vis the speed of the wind

r is the air density, A is the sweep area of the rotor blade is the height of the blade, D is blade

diameter and Cp=0.64 the Betzticient. However, there are aerodynamic and mechanical

losses in the order of 50% means Cp=0.3. Then our rotor shaft power equation becames [17]

P=0183 B VBW]  [L7] e Equatic®28

Shaft power of the rotor for the design the value of speed is taken as bellow2able 4

Table3-8: Speedand produced power

V(m/s) | Ps(W) TurbineQuantity(2)(w)
6 111.9744 223.9488

8 265.4208 | 530.8416
10 518.4 1036.8

12 895.7952 1791.5904
14 1422.4896 | 2844.9792
16 2123.3664 | 4246.7328
18 3023.3088 | 6046.6176
20 4147.2 8294.4

22 5519.9232 | 11039.8464
24 7166.3616 | 14332.7232
26 9111.3984 | 18222.7968
28 11379.9168| 22759.8336
30 13996.8 27993.6

From above table of-8 speed vs. power is tabulated for single andttwbines As the speed of
the wind increases the rotor produced power also ingdagalependig on the tabulated

data figure 313 showsthe performance curve of the turbine.
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Figure3-13: Performance for singl€urbine
Above Figure 313 describes the curve of speed vs. power produced by the rotor. Asispeed i
crease arithmetic progressiort Ibotor power increases geometrical progressions form, means the

power immediately increase with small change of speed value.

3.6 Generator Size

The generator size was based from the Mechanical power produced by the rotor. Singg, the P
of the selected corfuration was about up to 10Ad4at wind speed of 18m/s considering-m
chanical effieency of the gear and bearing%®@he recommended generator size was a DC115,
3000W at Cp=0.28 generator with a rated rpm of 300 rpm. For two turbines texatpeavere
used.

3.6.1 3D Model of Boat using Via Catia

Models were created in the program, Catia 3D model. A total of 3 models were createa by co
bining the following parameters in the configuration of the boat;

Two wind Turbine, roof, side considering plate for determiogal wind effect on the all sted

tures, Keel to increase the stability of the bddie hull was created according to tbenension

given on the tabl&-9.

When we do hydrodynamic diffraction system on ANSYS fir6tly whenthe geometryis in-
serted tolte mesh chamber the set up needs Inertia or radius of gyration values. Therefore it is
better to determine at least one result from two cases. On this research the decidech-or reco
mended value of | and k is simply determined from CATIA 3D modeling thedtés the boat
modeling is finished. The fige 3-14: shows how to determine the inertia value of the firstlimo

el. Simply by selecting the geometry asiidking on inertia mass tool.
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Table3-9: BasicDimensimal parameterof the boat

Dimensional parameter of the boat Unit in (m)
Overall Length(loa)(Assumption) 6
Water line length(ly) 5.1
Breadth(B) 2
Breadth on water line(®.) 1.7
Maximum draught(ax) (Assumption 0.365

Definition

%E Selection :I Part2

Result
Calculation mede: Exact
Type: Surface

Equivalent lﬂ—

Characteristics —————— Center Of Gravity (G) —
Area | 26.695m2 Ge [3621971mm

Mass {72345k Gy |-0009mm

Surfacic mass |271kg_m2 Gz |364:855mm

Inertia / G | Inertia / O | Inertia /P | Inertia / Axis | Inertia / Asis System

 Inertia Matrix / G

ToxG | 39.795kgxm2 loyG |377.091 kgem? Toz |395.993kgem2
byG | 0.003kgim2 oG |[11625kgm2 Iy2G | 2891e-005kgum3
rPrincipal Moments / G

ML |30416kgxm2 M2 |377081kgim2 M3 [396372kgm2

— Principal Axes

Alx |0.990460 A2y |-0.000008 A |-0.032584

Aly |-0.000008 Ay |1 A3y [-0000006

Az |-0.032584 A2z [0.000006 A3z [-0999469

] Export ] Customize... ]

@ 0K | OCance||

7

13 Keep measure

Create geometry

200w O BARS wHénQALAABEE 8 24 &l epLnBr: 7,
Figure3-14: Boat Hull 3D Model

3.6.2 Calculation of Mass Moment of Inertia and radius of gyrations

It has been established since long that a rigid body is composed of small particles. If the mass of
every particle of a body is multiplied blye square of its perpendicular distance from a fixed line,
then the sum of these quantities (for the whole body) is known as mass moment of inertia of the

body. It is denoted by I. Consider a body of total mass m. Let it be composed of small particles of
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masses [ mp, Mg, My, etc. If k, ko, ki, ks, €tc., are the distances ifinca fixed line, as shown in

Figure 315, then the mass moment of inertia of the whole body is given by [39]

| =my (ko)™ mp (ko)™ mg (ka)™+ my (ka)?
If the total mass of a body mag lassumed to concentrate at one point (known as center of mass
or center of gravity), at a distance k from the given axis, such that

mk?=ma(K1)*+ mp(ka)®+ ma(ka)®+ mu(ks)? T4 Equation3-29
then 1= m K

————— Fixed line ﬁ Rigid body

—

- k== T
.- L — = T,

i E— .tl-_?—-—. Ty

Ky - "y

_

Figure3-15: Mass moment of inertia.

(= [ba _[39.795 . - I, _[395.998 , .
m \72.345 m '\ 72.345

I
Ky, =4[ :/377'091 2.283n Where: k-cdled the radius of gyration
m 72.345

Iy - the mass moment of inertia about x axis.

lyy - mass moment of inertia about yigx
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CHAPTER FOUR
4 RESULTS AND DISCUSSION

This Portiondescribes thdiscussion®f results that determined from the software

4.1 Simulation Resultfrom ANSYS AQUA
a Imported geometry

Figure4-1 below shows the imported drawing to the ANSYS hydrodynamics

Figure4-1: completegeametry imported to the ANSYS Agu

4.1.1 Mesh generated:

The mesh Generated on this model is Basic geometric mesh from hydrodynamics tool bars

k y
0.000 2.000 4.000 {m) X
I T ]

1000 3.000

Figure4-2: MeshGenerated on the Geometry
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