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Supervisor : 1.Dr.-Ing. Wolfgang Busse
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ABSTRACT

A seagoing vessel will always face the risk of rough weather along its
voyagesThe focus of this paper an the creation of a datseased model to
estimate the power increase or speed loss due to influence of weather, by
using resistance estimation theories addled resistance approximation
methods along with additionaissistingtools. Furthermore, a theaieal
simulation is done in order to benchmark and correct the model setup. The
analysis of simulation results shows that at the available data range, the
model proves reasonably precise within its capabilities, for academic
applications. The general bel@w of the model complies with common
ship theory, however, does not perfectly resemble the gpmedr relation

of the shipbdbs recorded data averages
is most compatible at the ship load draft of 9,0 to 9,5 metergyidmad the

speed of 19 to 22 knots. The lack of datigside the typical operating range
disables the ability to verify the model correspondingly. The theoretical
simulation proesvaluable in assessing ship da@sed models.

Keywords: Added ResistangeDatabased modellingShip Propulsion,
Voyage AnalysisWeather Influence)
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ABSTRAK
Kapal yang beroperasi di laut akan selalu menghadapi risiko cuaca buruk
selama berlayar. Fokus dari skripsi ini adalah pada pembuatan model
berbasis data untuk memperkirakan peningkatan daya atau pengurangan
kecepatan akibat pengaruh cuaca, dengan menggunakan teori estimasi
hambatan, metode estimasi hambatan tambahan akibat cuaca, dan alat bantu
tambahan lainnya. Selanjutnya dilakukan simulasi teoritis untuk melakukan
komparasi lalu mengoreksi pemodelan. Asiali hasil simulasi
menunjukkan bahwa pada rentang data yang tersedia, model tersebut
terbukti cukup tepat dalam kemampuannya, untuk aplikasi akademis.
Perilaku umum model sesuai dengan teori kapal, bagaimanapun, tidak
secara sempurna menyerupai hubungaepatardaya raterata data kapal
yang direkam. Analisis menunjukkan bahwa model ini paling cocok pada
draft muat kapal 9,0 hingga 9,5 meter, dan dalam kecepatan 19 hingga 22
knot. Kurangnya data di luar rentang operasi normal menghilangkan
kemampuan untuknemverifikasi model secara lengkap. Simulasi teoritis
terbukti penting dalam menilai model berbasis data kapal.

Kata Kunci: @nalisis Pelayargn Hambatan TambahanPemodelan
Berbasis DataPengaruh Cuac®ropulsi Kap3l
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1. INTRODUCTION

1.1 Background

The design and operation of ships worldwide, especially cargo ships, is
increasing rapidly. One of the most focused aspect is the economical side.
During the design phasit is most desirable that a ship is built adequate to
fulfil its purpose, while also being economically feasible. In other words, to
get the most out of the least cost. Selection of the necessary machinery is

crucial for a marine engineer when desigrangve ssel 6s propul s

One of the main concerns of the shipping industry is rough weather.
Basically, the worse the weather gets, the higher the risk is, in terms of both
safety and economically. The terfiweatheo is generally referring to the

state of wind and waves at sea. Both of these elements have effect on the
shipdés ability to travel

Depending on the direction and magnitude, strong giisténd can affect

the body of the ship above the waterline, causing higher air resistance.
Theoretically the stronger the wind gets, the larger the strength of the
waves.These are called wind wave&laves can affect a ship by causing
rolling, pitching,accelerations, slamming, and propeller emergehese
occurrencescause increase in added resistantehe vesselln larger
magnitudes, these factors can cause a ship to run inefficiently due to the

large power it requires in these conditions.



Ulti mately, the effects of waves
propulsion system. Pitching and rolling of the ship, and any imbalances of
the shipbs | evel may ¢Faltinsee, Miasads,h e r
Liapis, & Skjordal, 1980) fluctuations in the propeller efficiencgnd
occurrence of propeller emergengéus, it is logical for a vessel to avoid

traveling in such conditions.

Since the release of the EEDI and EEOI requirements by IMO, there is an
environmental goal in the maritime world to reduce the carbon emission
emitted by the shipping industry. Thus, it is imperative for existing ships to

travel as efficient as possible to reduce the carbon trail, and analysis of

voyage operations is instineély the initial step.

With the existing practice of weather routing, it is possible to minimize cost
and uphold safety in terms of dealing with weatR&cording the voyage
dataand researcknableghe possibility to accurately preditte required
power for a vessel, compared to just usingfvaeather margird to
compensate for rough weathefhis shall help in meeting EEDI
requirements for future shipbuildingor the operation side, #@ssists in
forming the voyage plan, to determine where the shipldhsail and which

direction it should move in order to minimize the impact of weather

on

a



consequently increasing the ship

waste.

(@)
(%]

1.2 Problem Statement

During an observation of ship voyage recorded data, it is ofiemdfthat

data is incomplete. Data from ship logs such as the noon report often only

records the observed power and speed. To assist in evaluation of the

voyages, it is necessary to create a theoretical estimation model to predict

ship powerspeed relatiom various weather conditions.

1.3 Objectives

1.

To create a dathased model that can predict power increase or
speed loss due to wind and waves influences.

To apply the model into theoretical simulation, enabling assessment
and benchmarking with actual reded ship data within
academically reasonable error tolerance.

To develop an understanding of ship operation data processing and

to contribute towards its development.

1.4 Benefits

1.

The creation of this thesis provides the writer an opportunity to have
a deepeunderstanding of ship powspeed behaviour.

The result model provides an estimation of power and speed in

various weather conditions for a typical 2500 TEU container vessel.

e



. Theresultmodel may provide assistance in identifying causes of

abnormalities such as hull and propeller failing during voyage

analysis.

. The result model may present the opportunity as a tool to assist
voyage planning and optimization, e.g. bunker planning estimation.
. The result model may provide assistance in voyagéiation, e.g.

to crosscheck fuel consumption from the supposed power

estimation.

. The result model may possibly assist in voyage optimization to

reach the IMO requirements of EEOI.



2. LITERATURE REVIEW

2.1Base Theory

2.1.1 Ship Resistance and Propulsive Power

In the past, traditional vessels relied on wind power by using large sails and
masts to direct the mechanical power into moving the ship. Most

commercial ships today rely on machinery using an engine that is directly
or indirectly coupled with a propulsor. There are several types of propulsion

engines such as:

Diesel Engines
Steam Turbines
Steam Engines

Gas Turbines

A =/ A2 4 -

Dieselelectric and other electrical setup propulsion systems.
with several choices of propulsors, which are:

Conventional Fixed Pitch Propellers
Controllable Pitch Propellers
Azimuth pods

Waterjets

= =2 =42 4 -

Advanced technology propulsors



Depending on the design goal, each component listed above may be selected
to achieve a desirable output. For example, large vessels opted to carry
heavy load will usually have large diesel engines that run on low quality
(economically feasible) fuels, algnwith large fixed pitch propellers which

in combination results in provenly reduced operation costs.

This is closely related to the size and purpose of the ship. A larger
magnitude of resistance that larger vessels experience is mostly due to its
shape ad size. Larger commercial ships require more power to travel,
within the limits of its economic feasibility, where it is opted to carry as
much cargo as it can, as opposed to ships designed for speed such as patrol

ships.

I n theory, t HsaelagkdtotheGrseractienbétvaeenashipcell
and the fluid flow.William Froude divided theotal resistancgY ) into

two parts: friction resistancgY ) and residuary resistan€e&’ ), where
friction resistance is caused by viscous and inertia forces, while residuary

resistance is caused by gravity and inertia fo(eesvald, 1983)

YooY Y Eq. 1

This resistance force can be dividedititreemain contributors: frictional
resistance viscous pressure resistan@d wave resistancéMolland,
Turnock, & Hudson, 2011)in generalizederms, frictional resistance is

result of the shear force of the fluibw acting on the hull, the viscous



pressure resistance is thermal force acting on the hull by the surrounding
flow, and the wave resistance is the meab@mergy associated withe

shipds propagating wave field.
Guldhammer-Harvald Method

In obtainingthe value of resistance of ships, tharme several classical
estimation methods in the pdkat are still used in presént An example

of this would be the Guldhammer and Harvatéthod.This method of
resistances derived from the analysis of results of towing téstarvald,

1983) This method determines the total resistaiteas a function of
speed, where the total resistance coeffictenaffects how substantial the
resistance changes as the speed varies. The total resistance coefficient is a
sum of the frictional resistance coefficiént residual resistance coefficten

0 , and the incremental resistance coefficientwhich represents the

modetship surface roughness correct{ptarvald, 1983)

The frictional resistance coefficient refers to the ITTEL957 standard
frictional modeiship correlation line, where a calculation based on
Reynol dés Nu mlglrgernational Tqwing NankdCerderence,
2002)

5 —° Eq.3



By definition, the residual resistance coefficiéntis determined from the

total resistance coefficient subtracted by the frictional resistance coefficient

as described before. The value of the residual resistance modffis

obtained from the standard ship form diagrams. It is plotted against the
Froude Number, and categorized into

longitudinal prismatic coefficient. An example can be seen in figure

Figure 2.1. Residuary resistance coefficient cur¢idarvald, 1983)
Souce: Harvald (1983)

The GuldhammeHarvald method suggests another correction for the
difference in location of the longitudinal positiohthe center of buoyancy

(LCB), where the increase in resistance pf® is found from the



deviation value of t h eA residual sesidtadce L CB
coefficient correction for LCB forward of standard is availaflbis is
expressed byHarvald, 1983)

YOO O 0006000 D0 @ ¢ 0 Eq.4
and,
pTO  pTO ——YO 6P Eq.5
0, the increment al resi stance coef fi

surface roughness, to compensate the difference of skin smoothness
between the model and the actual ship Atlis is expressed byHarvald,
1983)

piror mvd 1 ™o I X Eq.6

In the Harvald method, there is also consideration of the air resistance and
steering resistance. The air resistamoefficient 0 from thes hi p o6 s
structure above the waterlireimplemented as a correction bétresiduary

resistance coefficiertt . The value o ando is determined as
p TO T8t X Eq.7

p TO T8t 1 Eq.8

The standard Harvalohethod does not consider the effect of the bulbous
bow, as it is assumed the ship has a standarduibaus bow(Kristensen



10

& Lutzen, 2013) In a more recent study on the influence of bulbous bow,
it is foundthat from the analysis of multiple model tests, bladbous bow
correction of residual resistance coefficiéntis alsoa function of Froude
Number(Kristensen & Liutzen, 2013)The resultingvalue of the bulbous
bowinfluence is a percentage of the init@lue obtained from thidarvald

methodresiduary resistance coefficiemt:

o

Y0 j ¢ VIO wnd Eq.9

Holtrop -Mennen Method

Anot her classic method widely wused
resistance is the Holtreldennen Method. This method is a development
from a regression analysis of various arbitrary model experiments and data,
with slight modifications from addiihal experiments with means to be

more applicabléHoltrop & Mennen, 1982)

The total resistanc& of the ship is expressed lfifloltrop & Mennen,
1982)

Y Yp Q Y Y Y Y Y Eq.10
where:
Y : frictional resistance as in the ITTI®57 frictional
standard
p Q : form factor representing hull viscous resistance

Y . appendages resistance

t
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: wavemaking and wawéreaking resistance
: bulbous bownearsurface additional pressure resistance

: immersed transom stern additional pressure resistance

< < <<

: modelship correlation resistance

The form factor prediction is expressed(bipltrop & Mennen, 1982)

p 0 w mwo ® 670 " mwuv 6 D P

6 mimc caud b Eq. 1.
0 Op 6 mnme — Eq.12

o “wo h when - Timu Eq.13

. . . A . .

W T g M- mhmg T X wwiwhen Tt ¢ -

it v Eql4

@ it X wwwhen- T ¢ Eq. 15

o p TIMNG Eq. 16

The afterbody specific shape coefficient is related to thé , Where

the coefficien is given by the table 2.{Holtrop & Mennen, 1982)

Table 2.1. Cstern Coefficient Valugsioltrop & Mennen, 1982)

Afterbody form 0

V-shaped sections -10
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Normal section shape 0
U-shaped sections with Hogner stern +10
Where:
A : longitudinal position of centre of buoyancy forward of 0,5

0 as a percentage of L

o . prismatic coefficient based on waterline length
0 : ship breadth
Y : average mouldedraught

The frictional resistanc¥ , is approximated according to the ITTO57

frictional standard, as discussed in previous sections in part 2.1.1 briefly.

The tot al resi st ancYe ,@uidder biaekets, btc.)p 6 s
are expresskby (Holtrop & Mennen, 1982)

Y m oY p Q 6 Eq. I7
where:
Y . wetted area of the appendages
ko) : value which represents the combination of appendages

0 : frictional resistance coefficient

a
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In the Holtrop method, the wave resistance is determined (iHaftrop &

Mennen, 1982)

Y ooon” "@og 0 a Al 6O Eq. 18
with the coefficients expressed by:
@ cccophu "we N wmn Q Eq. 19
o Mt ¢ wou §H N whené70 1ip p

Eq.20

® 670 whentip p 670 it v Eq.21
&) v 7w @ OB whendF0  Tig v Eq.22
@ Qo php wo Eq.23
o p T T6Y6 Eq.24
& M ¢ "T6 Yo pd Y 0 Eq.25
_ plt 16 mim 676 whendTd6 p ¢ Eq.26
_ plt Tédp mm@ whend¥d p ¢ Eq.27
a mp T itk px v bty X wo ¢
o Eq.28
@ Yy wipp p oo oyt dywhend
iy Eq.29
o plx ompmy m@x  whend  miyp Eq.30
a ® 6 QonmpO Eq.31
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o plp woywu fordjn vpcg Eq.32
o T fordOjn px¢X Eq.33
# plp wo puwjn’ ymjclwe  for
vpGgOjn pPXCX Eq.34
Q  mw Eq.35

'Y isdescribed as the additional resistance as effect of the proximity of a
bulbous bow near the surface, and is determinggibitrop & Mennen,
1982)

Y mipQenod 08" Mp O Eq.36
where:
0 : a value representing the emergence of the bow
O : Froude number based on the immersion

The equation components mentioned are found by:

0 mved Y phQ Eq.37

O o QY QO mgud - Tip® Eq.38

In this approximation methody is described as additional pressure
resistance which is caused by transom immersibere the transom

surface area affects, ands expressed bfHoltrop & Mennen, 1982)
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Y "o o0 ©

Eq.39
The coefficieni is found from:
o g p TigO when'O v Eq.40
@ T when'O v
Eq.41
0 & CB] 8 86 Eq.42

A similarity found with the previously explained method is the existence

of a modelship correlation resistanté , which is equated b{Holtrop &
Mennen, 1982)

Y P C "w "YO Eq.43
With 6 as correlation allowance expressed Hgltrop & Mennen,

1982)

§ mnme pmnnl mnmcmummdxvd & Mt &

Eq.44
The coefficient is found according to:
® "Yj O when’Yj 0 Tt Eq.45
o i T when'Yj 0 Tt Eq.46

2.1.2 Wind and Waves

As seen in the classical resistance estimation methods, the value obtained is

regarding the vessel being in the calm water environment, hence the
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addition of afisea margiato consider the added resistance effect of weather
to the final power requirementle. However, this is a loose empirical
approximation which only considers a general idea of how much resistance

is added in different seas.

Ships (especially segoing vessels) anenlikely to always operate in calm

water. There will always be situati®mwhere wind and waves at sea are at a
magnitude | arge enough to affect t h
important aspect to consider from the motion of a wave is that energy is
transported through the material (in this case, water) itself. The freque

type of wave that occurs at the interface of the atmosphere and the ocean

are called surface wavéEhe Open University, 1999)

The two types of water waves that occur are capillary waves and gravity
waves.Self-explanatory, gravity waves are defined by its restoring force,
the earthds gravity. These types of
which are of wavelength greater than 1,7 (dine Open University, 1999)

and ardaced by a segoing vessel more commonlyhese gravity waves

are caused by two main factors, wind and tides. The wind powered waves
when occurring in a sufficiently long time period will form igully
developed s@awhere an equilibrium of dissipated energyd received

energy of waves happens, and the wave characteristics are ideally
unchanging (The Open University, 1999)Practically, the different

strengths of winds consequently produce a variation in waves of the fully
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devebped sealhis magnitude of wind energy also escalates the strength of
the energy transfer at sea.

One of the commonly used characteristic to describe a state of the sea is the
significant wave height, which is the mean height of the highesthorke

of all waves occurring in a particular tinfehe Open University, 1999
practical applications, the sea state is defined by the Beaufort Number,
where the Beaufort Scale defines various sea states by certain parameters
(Molland, Turnock, & Hudson, 2011The significant wave height@y )

Is one of the parameters in the Beaufort Scale.

Table 2.2 Beaufort Scal€éThe OperUniversity, 1999)

Beaufort | Name Wind speed| State of the sea| Significant
Number (mean) surface wave
height,
Knots | m s? 7 7 (M)
0 Calm <1 0.0 | Sea like a mirror| O
0.2
1 Lightair | 1-3 0.3 | Ripples with| 0.1-0.2

1.5 appearance @
scales; no foan

crests
2 Light 4-6 1.6 | Small wavelets| 0.3-0.5
breeze 3.3 crests have
glassy

appearance by
do not break
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Gentle
breeze

7-10

3.4
5.4

Large wavelets
crests begin tg
break; scattere
white horses

0.61.0

Moderate
breeze

11-16

5.5
7.9

Small waves
becoming
longer;
frequent
horses

fairly
white

15

Fresh
breeze

17-21

8.0-
10.7

Moderate waves
taking longer
form; many
white horses an
chance of som

spray

2.0

Strong
breeze

22-27

10.8
13.8

waves
white
cresty

Large
forming;
foam
extensive
everywhere ang
spray probable

3.5

Near gale

28-33

13.9
17.1

Sea heaps up ar
white foam from
breaking waves
begins to be
blown in streaks
spindrift begins
to be seen

5.0

Gale

34-40

17.2
20.7

Moderately high
waves of greate
length; edges of
crests break intq
spindrift; foam is
blown in welt
marked streaks

7.5

Strong
gale

41-47

20.8
24.4

High waves;
dense streaks ¢
foam; sea begin

to roll; spray

9.5




19

may affect
visibility

10 Storm 4855 | 24.5 | Very high waves 12.0

28.4 | with

overhanging
crests; sea
surface takes o
white

appearance g
foam in great
patches is blowi
in very dense
streaks; rolling
of sea is heavy
and visibility

reduced
11 Violent 56-64 | 28.5 | Exceptionally 15.0
storm 32.7 | high waves; se
covered with
long white
patches of foam
small and

mediumsized
ships might be
lost to view
behind waves fo
long times;
visibility further
reduced

12 Hurricane | >64 >32.7| Air filled with | >15
foam and spray|
sea completely
white with
driving  spray;
visibility greatly
reduced

The various weather conditions as seen in the table are part of the

consideration on how long a vessel can reach its destination or how

optimized its voyage can be. The practice of considering such weather
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factors into t Woyagpi$cammonlykigowroéireathers hi p 0 ¢
routingd. With this action, it is possible to enable minimization of port
service costs from precise arrival prediction, and reduction of fuel

consumption from an optimal voyage plan.

In comparison of the effect of mal and waves, generally, the added
resistance increases as the weather conditions grow stronger. Between
added resistance from wind and added resistance from waves, waves have
a larger effect. However, the dominant source of the added resistance from
wavesvaries as the vessel speed increases. At lower speeds, the viscous
resistance is larger, where at faster speeds, the-makieg resistance
dominates.In seas with stronger weather conditions, the ship is also
oscillating, caused by the ocean waves. Trisirn, transfers energy to the
waves, which also increases the total resistance, primarily transmitted with
t he shipods (Alexahdesssors @00% av e s .

2.2 Added Resistance inVind & Waves

2.2.1 Semiempirical approximation methods
In the past, there have been various studies on the influence of waves and

wind on a ship.

As discussed in section 2.1, a variation of waves is naturally the true state
in practical operating conditions. This is because normally, the waves at sea
are unlikely to be constant. The result of thé®gulan waves combining
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are known asirregular wvave®. Most of the current advanced methods for
predicting added resistance in waves use the approach of initially
calculating the added resistance in regular wavil their respective
methods, then applying the results to a wave energy spectrum ttatalcu
the average added resistance in irregular wdwesn results of studies in
the past, the wavimduced added resistance is divided irgsistance due

to wave reflectioY , and resistance due to ship motién

There have been several methods in approximating the value of this added
resistance. One method is the practical STAwhvemethod, which
approximates the resistance increase in long crested irregular head waves
Y  (up to the angle of 45 degrees awaym the bow) in speed trial
conditions, where wave reflection added resistance is dominant
(International Towing Tank Conference, 2014he practicality of this
method allows usage even with limited input. However, therseeific
conditions that limit the validity of this meth@bhternational Towing Tank
Conference, 2014)

1. Significant wave heightDy c¢g& v0 Tp T
2. Small heave and pitch, vertical acceleration at b@i05g

3. Head waves

The STAwave2 method is similar to the first version, however considers
both resistance due to wave reflecti¥h , and resistance due to ship
motion Y . There are also more input parameters, which are ship

dimensions and speébhternational Towing Tank Conference, 2014)
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In the advanced method, which calculates added resistance in regular waves
'Y , the calculation for the componeiits andY are continually
i mproved. One of the earliest basic

calculatesY , based on wave propagation from ships to a far field.

2.2.2 Practical Approximation Methods

The Beaufort scale is a commonly used scale in rating the resgloh the
weather at sea. This practical scale is also asedparameter empiricat

based studies of the influence of wind and waves. One method is the
Aertssen Formula, which estimates the speed loss for various sea conditions
based on the Beaufortusber(Townsin & Kwon, 1983)

z pnmb— ¢ Eq.47

The values of m and n are defined by the encounter angle of waves and the
Beaufort Number. However, this is a loose empirical approximation. The
Aertssen Formula does not consider ship type, condition, nor fullness
(Molland, Turna@k, & Hudson, 2011) Therefore, the accuracy of the
resultative added resistance is limited, but it is relatively easier to apply
compared to the existing sesmpirical methods.

Kwonds met hod of predicting added r e
for a | arge variety of commerci al di
approach considers the ship type, (I
dimension (in the form of the coefficient block). Tadded resistance is
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expressed in the value of speedd, which is the involuntary reduction of

the calm water vessel speed to the vessel speed in wind and Wages.

speed loss is formulated @won, 2008)

y v ow
—pmnnbPOoOO

Eq.48

In the approximation, the travel speed of the vessel, expressed in Froude

Number'O, is represented in the coefficight. The value ofO depends on

the initial designated ship speed in calm water conditiditgs also

considers the block coefficient of the sliipa n d

The value of the coefficient is seen in the following table

Table 2.3 Speed Reduction Coefficient talavon, 2008)

itdéds loading

Block Ship loading| Speed Reduction Coefficiel
Coefficientd | condition 0

0.55 Normal P p80C x8 O
0.60 Normal c® ¢®0 g 'O
0.65 Normal Cd® o0 p@O
0.70 Normal o uvd®0 p& o
0.75 Loaded or normal 8 p®mO wd O
0.80 Loaded or normal C® p®O p O
0.85 Loaded or normal o pHO c @O
0.75 Ballast Cd p@®@O p@ O
0.80 Ballast o8t p@®O @O
0.85 Ballast o8 ¢®O0 o@ O

The directional angle of the wind and waves is expressed by the coefficient

0 . The type of the vessel is expressed by the coeffidient . Both of the
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values of these coeafients are determined by the corresponding Beaufort
Number. Thelescriptivedetails of the coefficients can be seen in table:

Table 2.4. Direction Reduction Coefficient tab{Ewon, 2008)

Weather Direction Angle (with respec] Direction Reduction
to the ship bow) | Coefficientd

Head sea mJ cO C

Bow sea ondémnl |[¢0 p& Moo L T

Beam sea ermAPuLTI| O T TEIE L @

Following sea puvmPpyYmnl ¢ ™ TErod 0 Y

Table 2.5. Ship Form Coefficient tablgwon, 2008)

Type of (displacement) ship Ship form coefficient

All ships (except container ships) o0 608Fcygn T
loaded condition
All ships (except container ships) OO 608Fcgn 7
ballast condition
Container ships in normal loadii T6 6 6 (8Fc @n *
conditions

2.2.3 Theoretical Modelling Simulation
In the current state dechnology forindustrialimprovement, theoretical

modelling is often applied, especially ifinancial planning, risk
managemerdandtrend predictionThis can provide a presentationf@fhat

ifso and the respective series of consequential reJuicaly, there will

be several input variables that can be adjusted, along with some constants

that then are put into the transfer function to acquire a set of results.

The practice of using theoretical modelling especially in mathematical

calculations are de vastly, from monthly planning of a simple direct sales
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business model tocomplex engineering problemsAn example of
theoretical modelling for simple business scenarios is calculating the profit
of a company in 5 years from sales, with consideratiomitial and
operational costs, and commonly along with inflation and intetast.

engineering, it is often used for reliability evaluation of a system.

One of the commomethodsof study of a system is through simulation
techniques. Simulations estimaesults of different scenarios of a system

by simulating the actual process and the behaviour of the system
accordingly (Billinton & Allan, 1992). In the simulation technique,
theoretically the input data of the model shouldrdr@dom to experiment

with all possible scenarios, so it is common sense to use a random number
generatorA large number ofandominput data is generated then applied

to the model to obtain a vast series of res{Biflinton & Allan, 1992).
However, the randomness of the results may not directly provide the users
with a needed solution, so it is common to provide {irased intervals or
other constraints. At the end of the process, istils a requirement to
execute analysis on the results, for example, by analyzing graphs binned

into specific characteristics.

An exampleof the simulation methodsescribed in the previous testthe
Monte Carlo SimulationAn important factor that dimes Monte Carlo
simulation is that it is stochastic, which is shown in the input of the
simulation, which is randomly generated from probability distributions. So,
for a deterministic model, the Monte Carlo simulation evaluates the model
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stochasticallyresulting in a large random output. The resiile Monte
Carlo simulationis a visual representatiofe.g., Histogramslused to
determine howrandom variation, lack of knowledge, and other factors
affect the performance and reliability of the modgstem(Wittwer J. ,
2004)

Histogram of Monte Carlo Simulation Results
300

250 e -

200

150

Frequency

phili]

& PP F P F F 8 F o o6
R I AN S S S

Bins
Figure 2.2. Histogram of profit frequency as result of a Monte Carlo Simuldifgittwer J. W.,

2004)
Source: Vertex42.com (2004)

From the figure, it can be seen in the example that plotting the results of a
Monte Carlo Simulation into a visual representation may help derive
conclusions. In the example, out of the many randomly gendrasettial
setups, within the set constraintise resulting profits are mostly positive,
however the uncertainty is rather large starting from valued@d0 to
3400.



3. METHODOLOGY

3.1Flowchart

The research done this thesis is conducted according to the proposed steps
as seen in figur 3.1.

( sTaRT )

Problem
Identification

!

Summarization and
Selectian of Basic
Resistance Theory

Literature Study and selection
of Weather Influence
Approximation methods

C—

Preliminary model
testing with
Selected Method

valuation of
Current Modeling
Setup

No

Data Processing
of available ship
voyage data

Current Methox
feasible?

Yes

¥

Tweak Modlel and/or
Simulation Parameters

.

Simulation of various
weather conditions
with current model

v No

Comparison of
P results with

processed data

Results
satisfying?

Conclusions

Figure 3.1. Research Flowchart

27
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3.2 Description of Flowchart

3.2.1 Problem Identification
The first step in the procedure to start the thegmwsablem identification.

This part of the study defines what questions are the focus for research. The
main problems that are identified become a case to solve. In this stage,
specific identification for existing problems are done to further determine
objedives of the overall thesis. With completion of this step, the purpose of

the research can be recognized.

3.2.2 Summarization and Selection of Basic Resistance Theory

The second step in the procedure istdlect andsummarize the basic
theory that the writer has already obtained from previous studiesstudy
resources that are collected should be necessary and related to the topic of
the thesis. A selection of thexisting theorieshatwill be usedespecially

of ship resistanceshould also be done to narrow down the scope for further
study.Examples of this are the classic ship resistance estimation theories,

and basic knowledge of the nature of ship resistance.

3.2.3 Literature Study

After problem idefification is executed, and current knowledge has been
summarized, research on existmagatedliterature should be done tatch

up with the current knowledge on the topic, and have the necessary
information to assist analysis the case of this thesigrimarily a literature
study on current methods for approximating weather influence on a ship.

This is done by extensively reading books, published scientific articles,
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journals, literature from the International Maritime Organization, and other

existingsources.

3.2.4 Data Processingf Available Ship Voyage Data

One of the important steps to do early in the thesis is to process the available
voyage data. This is done to identify possible points of reference and
analysis. The results of data processing in thedelling thesis are
especially importanfor model correctionas a benchmark for the model.

3.2.5 Preliminary Model testing with Selected Method

This step is indicated with the formulation of a framework from gathered
materials. A preliminary model should lmeeated to be able to start
theoretical experimenting. This process allows further critical assessments

and provides insight on what to work towards.

3.2.6 Evaluation of Current Modelling Setup

An evaluation of the current model is necessary to check whatheutrent

work is worth for testing. The most important thing to look out for is
whether the output is reachable, and whether the available data is sufficient
for the application of the current model setup. The feasibility of the model

is assessed durirgis step.
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3.2.7 Tweaking of the Model and/or Simulation Parameters

This step is when the model is corrected or adjusted to fit with the desired
goal. This is the step that defines the experimenting of the model and the
simulation. As the simulation is parametit is important to iterate various
constraints of the simulation to achieve a necessary output. The fine tuning

of the model is done intended to best represent the actual nature of the ship.

3.2.8 Comparison of Results with Processed Data

As explained in pmt 3.2.4, the results of processed data are used as a
benchmark to form the model, and to create decisions in improving the
model. Points of references from the processed data is used fasabe

results which the model should aim to provide. In thepstt is decided

whet her the current simulation resul"
satisfying results. The criteria for results may be the error margin, how

accurate the trends are, or how explicable the results are.

3.2.9 Conclusions

The final stepn the thesis research begins with the summarization of the
research results. The results of the madebiven the best explanation of

its nature, its limitations and the overall interesting occurrences of the
simulation. Conclusions are made and a fairly logical explanation shall be

provided for each drawn conclusion.



4. ANALYSIS

4.1 Data Processing
4.1.1 Ship Data

As explained in Chapter 3, one of the focuses of this thesis is to benchmark
the model created with the actual data procesBeé.actual ships which

will be discussed in this thesis are two sister ships which at the time of the
recorded data were undeethames MV IMPALA and MV LIBERTA.

These two vessels are products of thé Z500 container ship modehs

the name of the model is s@kplanatory the vessel is designed to carry
container up to a load of approximately 2500 TEUs. The container capacity
starts from 2468 TEUS, up to 2524 TEYSikipedia, 2019)It is equipped

with a 19.810 kW twestroke diesel engine (DMR7L70 MC-C), and fitted

with a five-blade propellefWikipedia, 2019)

Thedimensions and other general details of the vessels may be seen in table
4.1 Some assumptions for the values are done within reasonable logic to

provide necessary values to complete analysis.

Table 4.1. General Details of C\2500

Container Vessel Type WARNOW CV 2500
LOA m 208,11
LPP m 197,19
LWL m 199,2
Tmax m 11,4

31
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H m 16,4
B m 29,8
CB - 0,65
DWT at Tmax t 34000
Weight / Light Displacement t 11078
Loaded Displacement t 45078
Loaded Displacement m® | 43978,54
C DT 2099,47
Wake fraction - 0,26
Hull efficiency - 1,08
Thrust deduction factor 0,2

When diving into the subject of ship efficiency, one of the most discussed
topics are the problem of fuel efficiendyooking from the perspective of
ship operations, higher fuel consumption is directly related to a higher usage
of engine power. This howev is also compensated by how much load it
carries, and how fast the ship is traveling. The best plot for an efficient ship
operation is indicated by an efficient voyage plan, where typically rough
weather is avoided, hence higher engine power settinggnaecessary.

This is also the reason why most ship operators will have in either

conventionally or advanced technologically record its voyages.

In this thesisthe voyage data (apparently, results of noon reports) which
will be discussed aref voyagesof MV Liberta from 06/10/1997 to
25/12/2000, aniV Impalafrom 02/02/2000 to 29/06/2000. The data can

be seen in tabled,1and4.2.

Table 4.2. Ship Voyage data of MV Liberta

[ No [ Date [ Time [N [ Pb [ Bh [ vs




[rpm] [kw] [ka/h] [kn]

1 06/10/1997 14:56:01 103,149 13848 2776 20,742

2 08/10/1997 15:02:44 76,159 5455 876 16,284

3 08/10/1997 16:45:43 89,533 8723 1414 19,230

4 08/10/1997 17:16:15 94,035 9838 1595 19,790

5 08/10/1997 18:29:59 108,138 15230 2377 22,719

6 08/10/1997 20:16:00 108,189 15650 2435 21,357

7 08/10/1997 22:48:23 108,110 15333 2454 22,490

8 09/10/1997 16:44:03 108,186 15496 2813 21,188

9 09/10/1997 17:50:42 90,104 8688 1684 19,208
10 09/10/1997 18:34:22 65,461 3691 754 12,790
11 09/10/1997 20:22:11 76,426 6115 1143 15,073
12 31/10/1997 03:11:20 102,148 13344 2813 21,399
13 06/11/1997 00:42:57 103,303 15877 3181 19,025
14 06/11/1997 08:08:29 104,140 16186 3226 20,171
15 06/11/1997 12:42:21 104,113 15813 3168 20,513
16 06/11/1997 15:10:00 104,142 15768 3162 19,468
17 06/11/1997 17:17:47 106,267 16856 3357 19,900
18 07/11/1997 01:43:50 107,192 15858 3303 21,507
19 07/11/1997 02:45:19 107,223 15915 3318 21,433
20 07/11/1997 03:38:26 107,193 15842 3302 21,690
21 07/11/1997 05:51:16 107,191 15951 3257 21,593
22 07/11/1997 07:31:59 107,208 16066 3286 21,507
23 07/11/1997 09:59:24 107,153 16047 3283 21,136
24 07/11/1997 13:58:10 107,168 15949 3260 21,308
25 07/11/1997 17:49:57 108,209 16495 3366 21,205
26 07/11/1997 21:25:21 108,197 16335 3312 21,442
27 28/02/1998 17:35:53 106,118 15565 2958 20,718
28 01/03/1998 08:46:22 107,106 15043 2868 21,460
29 02/03/1998 00:52:11 106,986 14947 2860 21,598
30 02/03/1998 23:09:31 107,232 14915 2857 21,741
31 03/03/1998 07:27:53 98,772 11716 2304 19,852
32 04/03/1998 16:23:12 93,082 14213 2741 13,795
33 05/03/1998 20:01:56 98,758 11848 2355 18,981
34 06/03/1998 23:29:11 95,190 10358 2088 19,242
35 12/03/1998 11:58:58 104,247 13789 2677 20,993
36 16/03/1998 02:42:31 104,230 13685 2688 21,476
37 16/03/1998 22:04:13 104,159 13998 2745 21,426
38 17/03/1998 16:16:11 104,160 14194 2778 19,804
39 20/03/1998 01:18:00 104,253 13906 2738 20,931
40 21/03/1998 14:43:29 104,146 13583 2689 21,109
41 22/03/1998 18:23:30 106,697 14890 2935 21,166
42 23/03/1998 11:30:34 107,823 16319 3217 20,763
43 24/03/1998 05:12:07 108,175 15643 3089 21,579
44 26/03/1998 09:27:32 102,120 13283 2627 20,456
45 27/03/1998 14:30:00 102,544 13084 2600 20,804
46 30/04/1999 05:07:46 105,963 15115 2960 21,042
47 01/05/1999 14:32:15 102,110 12881 2604 21,256
48 09/05/1999 08:52:25 106,003 14621 2935 21,711
49 12/05/1999 10:37:54 106,003 14855 2978 21,300
50 13/05/1999 00:33:04 105,993 14357 2904 21,679
51 15/05/1999 08:42:06 100,138 12236 2559 20,030
52 15/05/1999 14:48:29 100,112 13315 2721 19,042
53 15/05/1999 20:43:57 100,018 14922 2988 17,086
54 16/05/1999 00:48:57 97,854 14820 2960 17,045
55 16/05/1999 17:37:16 98,199 12860 2613 18,899
56 24/05/1999 21:15:10 106,106 14067 2650 21,774
57 25/05/1999 02:04:29 106,063 15128 2826 20,423
58 28/05/1999 04:57:50 105,056 14407 2710 20,360
59 30/05/1999 02:12:53 105,112 13993 2647 20,901
60 31/05/1999 09:05:18 105,053 14057 2660 21,157
61 01/06/1999 08:27:12 105,928 14661 2748 21,021
62 01/06/1999 15:10:25 106,017 14300 2695 21,900
63 02/06/1999 02:29:06 106,007 15411 2874 20,604
64 02/06/1999 13:40:15 106,054 14799 2775 21,194

33



34

65 03/06/1999 02:28:41 107,013 14927 2789 21,753
66 17/06/1999 06:39:09 107,060 15085 2882 21,787
67 19/06/1999 06:43:04 107,102 14803 2836 21,913
68 20/06/1999 01:12:25 106,986 14914 2865 22,208
69 20/06/1999 21:30:38 107,050 14913 2864 22,895
70 21/06/1999 04:16:31 107,122 15092 2890 22,917
71 23/06/1999 19:24:20 106,061 14755 2840 21,566
72 27/06/1999 18:31:44 101,122 12343 2455 20,634
73 01/07/1999 02:04:45 106,050 15660 2970 19,505
74 09/07/1999 08:33:37 106,046 14415 2657 21,744
75 10/07/1999 15:06:30 103,072 13514 2523 20,930
76 11/07/1999 03:12:23 103,083 13648 2563 20,130
77 14/07/1999 7:05:59 103,068 14403 2703 19,415
78 15/07/1999 7:27:50 104,188 13544 2568 20,892
79 15/07/1999 11:40:26 97,285 11246 2216 18,392
80 31/07/1999 23:55:43 107,127 15183 2887 20,553
81 01/08/1999 7:54:03 107,078 15362 2922 21,988
82 02/08/1999 3:51:59 107,023 14852 2851 21,945
83 05/08/1999 13:25:06 107,068 14745 2835 22,121
84 06/08/1999 5:56:30 107,090 14888 2862 21,697
85 07/08/1999 12:13:59 100,133 12069 2406 20,854
86 08/08/1999 4:24:02 100,099 12010 2391 20,005
87 08/08/1999 12:48:05 103,049 13300 2590 21,448
88 11/08/1999 20:02:52 102,121 13374 2592 19,845
89 16/08/1999 9:15:54 107,029 15229 2899 21,046
90 16/08/1999 21:25:50 107,012 14673 2812 22,024
91 17/08/1999 10:43:27 107,023 15449 2939 20,650
92 18/08/1999 2:23:05 107,066 15125 2882 20,324
93 20/08/1999 11:58:32 107,056 14840 2849 22,900
94 21/08/1999 6:04:54 107,013 15134 2903 19,951
95 21/08/1999 19:32:19 107,070 14897 2876 21,460
96 23/08/1999 2:08:57 106,092 15589 2998 20,289
97 24/08/1999 6:12:56 107,118 16207 3107 19,861
98 26/08/1999 9:02:55 106,048 14509 2813 21,465
99 29/08/1999 12:53:42 106,048 14721 2842 21,603
100 05/09/1999 21:28:18 106,038 15149 2890 20,879
101 08/09/1999 11:48:38 105,993 15363 2935 20,790
102 09/09/1999 12:35:57 106,075 15819 3014 20,407
103 10/09/1999 12:44:50 107,094 15157 2924 21,523
104 11/09/1999 9:02:48 107,107 15207 2945 22,148
105 11/09/1999 20:54:31 106,065 14531 2839 21,556
106 12/09/1999 1:17:27 106,155 14881 2885 23,080
107 12/09/1999 12:26:37 106,077 14512 2831 20,821
108 12/09/1999 22:04:12 106,078 14446 2819 21,894
109 15/09/1999 19:48:04 107,084 15084 2938 22,004
110 16/09/1999 15:01:04 106,007 14382 2823 21,956
111 19/09/1999 23:13:36 104,083 14374 2798 20,843
112 20/09/1999 11:28:16 105,057 14748 2865 21,016
113 20/09/1999 18:29:23 105,078 14609 2844 21,009
114 | 24/09/1999 4:35.57 101,060 12546 2524 20,303
115 24/09/1999 18:14:57 101,147 12699 2575 19,871
116 30/09/1999 19:10:21 106,046 14615 2883 21,731
117 01/10/1999 3:32:39 106,127 15137 2959 20,518
118 04/10/1999 5:33:41 102,040 13309 2657 19,840
119 08/10/1999 10:06:35 106,031 14485 2902 21,502
120 11/10/1999 15:22:42 101,131 12614 2588 20,975
121 12/10/1999 22:28:12 107,102 15274 3003 20,531
122 15/10/1999 8:45:13 100,085 12626 2617 19,474
123 15/10/1999 17:45:34 100,188 12709 2613 20,360
124 15/10/1999 23:58:18 100,119 12747 2624 19,723
125 16/10/1999 7:30:57 101,182 13406 2720 18,716
126 17/10/1999 20:13:32 104,060 14559 2898 20,438
127 18/10/1999 8:25:59 104,044 14772 2942 20,490
128 19/10/1999 6:53:04 103,977 14755 2947 20,558
129 19/10/1999 13:21:26 104,082 15051 3004 20,219




130 22/10/1999 20:02:13 105,609 15003 3004 21,053
131 24/10/1999 1:30:17 104,939 14039 2878 21,778
132 26/10/1999 5:20:46 104,992 13928 2864 20,888
133 29/10/1999 9:35:37 101,148 12177 2623 21,342
134 | 29/03/2000 16:49:48 105,959 14873 2746 21,554
135 30/03/2000 0:23:48 107,048 15619 2873 20,567
136 30/03/2000 4:33:37 107,044 15958 2933 19,959
137 01/04/2000 9:25:29 106,079 14846 2744 21,263
138 02/04/2000 6:10:02 106,050 15140 2773 21,028
139 06/04/2000 20:31:24 106,964 14881 2750 21,732
140 09/04/2000 1:14:39 103,052 13434 2504 19,982
141 09/04/2000 9:10:24 103,101 13263 2491 20,574
142 22/04/2000 23:13:24 101,997 13487 2523 18,554
143 02/05/2000 13:44:47 107,015 15211 2869 21,248
144 | 02/05/2000 17:40:41 107,062 15336 2891 21,045
145 03/05/2000 1:49:04 105,064 14221 2704 21,126
146 04/05/2000 2:21:29 102,135 13211 2460 20,866
147 04/05/2000 6:25:19 102,066 13214 2450 20,861
148 10/05/2000 8:39:15 106,051 15200 2815 20,629
149 10/05/2000 21:35:19 103,037 13892 2592 19,998
150 10/05/2000 23:29:20 100,115 12965 2436 18,259
151 11/05/2000 6:11:11 102,120 13470 2518 20,021
152 12/05/2000 9:14:09 106,069 15086 2784 20,708
153 14/05/2000 7:45:04 106,085 14913 2769 21,314
154 14/05/2000 18:49:28 107,036 15125 2806 21,493
155 15/05/2000 1:35:41 106,013 14993 2787 21,183
156 15/05/2000 20:57:08 106,042 15246 2812 21,200
157 15/05/2000 22:59:36 67,003 4309 903 11,542
158 18/05/2000 7:19:26 105,884 14703 2733 21,770
159 25/05/2000 5:13:56 100,181 11973 2325 21,296
160 30/05/2000 23:50:02 102,101 13874 2633 20,425
161 08/06/2000 21:14:46 100,220 12296 2385 20,347
162 12/06/2000 13:18:38 106,976 16210 3087 20,340
163 17/06/2000 7:36:13 106,057 14729 2861 21,322
164 | 20/06/2000 18:12:04 101,137 13652 2673 19,230
165 21/06/2000 15:08:53 104,084 14433 2814 20,410
166 23/06/2000 22:06:25 99,115 11886 2390 20,128
167 24/06/2000 9:06:32 100,183 12898 2545 19,721
168 29/06/2000 4:07:57 105,754 14953 2896 21,197
169 30/06/2000 5:46:15 106,707 15244 2940 21,670
170 04/07/2000 3:07:39 100,194 12041 2452 19,916
171 11/07/2000 21:43:34 102,109 14388 2850 19,932
172 12/07/2000 4:09:23 102,203 14039 2790 20,237
173 12/07/2000 10:44:02 102,125 13150 2650 20,448
174 14/07/2000 17:35:27 100,147 12480 2552 19,571
175 14/07/2000 20:26:49 101,115 13050 2641 20,222
176 15/07/2000 5:00:00 100,164 12342 2526 20,410
177 24/07/2000 5:24:04 105,021 14504 2885 20,728
178 25/07/2000 16:55:33 107,968 15866 3120 20,685
179 02/08/2000 22:01:57 104,077 14307 2853 20,320
180 06/08/2000 8:52:47 103,113 13841 2760 20,655
181 07/08/2000 0:02:20 103,167 14253 2838 20,117
182 07/08/2000 6:15:47 103,091 15067 2980 19,242
183 11/08/2000 19:07:06 105,982 14578 2933 21,823
184 12/08/2000 1:01:06 102,044 12954 2639 21,221
185 14/08/2000 0:54:32 106,015 14581 2918 21,115
186 23/08/2000 9:23:24 106,004 15078 3047 21,463
187 04/09/2000 0:46:34 104,084 14109 2907 20,645
188 04/09/2000 10:21:12 104,059 13740 2837 21,209
189 05/09/2000 3:38:17 106,069 14643 2999 21,414
190 06/09/2000 19:42:41 104,046 13564 2819 21,679
191 09/09/2000 13:16:42 108,099 16438 3313 20,987
192 11/09/2000 2:54:01 108,074 16006 3218 21,309
193 12/09/2000 15:59:08 104,035 14609 2973 19,997
194 14/09/2000 13:24:59 104,100 14381 2924 19,846
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195 [ 14/09/2000]  14:28:13 102,074 13496 2786 19,463
196 | 14/09/2000]  16:35:24 101,269 13402 2763 18,692
197 | 14/09/2000]  19:30:56 98,185 12519 2602 18,695
198 | 15/09/2000 7:40:16 98,152 12342 2579 19,074
199 | 15/09/2000]  10:28:21 98,102 11994 2523 19,684
200 | 20/09/2000 8:30:48 103,122 14911 3024 19,804
201 | 21/09/2000 1:39:46 104,988 14267 2931 21,874
202 | 22/09/2000 4:23:59 104,911 14437 2958 21,464
203 | 24/09/2000 4:51:41 103,063 13335 2788 21,247
204 | 24/09/2000| 15:56:14 103,222 13332 2795 21,664
205 | 30/09/2000 8:19:54 103,020 13267 2808 20,362
206 | 02/10/2000|  13:28:30 104,084 14145 2972 20,868
207 | 04/10/2000 1:22:06 106,086 15224 3165 21,348
208 | 05/10/2000|  13:18:09 106,034 14707 3093 21,768
209 | 15/10/2000| 22:58:40 103,124 13276 2453 20,893
210 | 17/10/2000 4:59:59 103,110 13481 2498 20,603
211 | 21/10/2000 9:18:06 107,075 15277 2802 21,413
212 | 25/10/2000|  17:48:05 107,083 15986 2933 20,433
213 | 02/11/2000 4:41:20 105,089 14205 2617 21,742
214 | 03/11/2000| 11:29:59 105,050 14242 2633 21,495
215 | 09/11/2000| 11:19:36 106,052 14491 2744 21,969
216 | 11/11/2000| 18:19:33 106,033 14953 2835 20,883
217 | 14/11/2000| 12:14:21 103,024 14540 2754 20,744
218 | 14/11/2000|  19:26:00 107,062 15970 3011 21,631
219 | 17/11/2000 4:22:21 106,040 14777 2796 21,529
220 | 24/11/2000| 16:46:15 104,095 14654 2722 17,998
221 | 25/11/2000| 20:37:02 107,050 15312 2870 21,509
222 | 27/11/2000 0:30:15 107,134 15359 2894 21,186
223 | 07/12/2000| 12:37:31 105,057 14729 2785 20,321
224 | 08/12/2000 7:21:37 105,072 14730 2803 20,869
225 | 09/12/2000 2:03:16 105,058 15388 2914 20,113
226 | 09/12/2000| 12:51:24 105,014 15162 2879 20,985
227 | 10/12/2000| 22:44:41 102,109 14160 2675 19,667
228 | 16/12/2000|  22:26:40 104,884 14113 2706 21,084
229 | 22/12/2000| 14:06:01 102,093 13507 2669 20,728
230 | 24/12/2000| 10:00:42 105,136 14729 2880 20,810
231 | 25/12/2000| 13:29:06 102,021 15167 2946 19,005
Table 4.3. Ship Voyage Data of MV Impala
No Date Time N Pb Bh Vs
[rpm] [kw] [ka/h] [kn]
1 02/02/2000| 05:31:15| 103,138 13413 2671 | 21,438
2 03/02/2000| 10:23:26 | 100,117 | 12455 2522 | 20,573
3 06/02/2000| 17:33:01| 102,111 13494 2732 | 21,324
4 13/02/2000| 22:37:23 | 100,106 | 13453 2699 | 19,526
5 15/02/2000| 06:47:58 | 104,117 | 13846 2765 | 20,788
6 16/02/2000| 10:33:59 | 102,059 | 13429 2696 | 20,652
7 16/02/2000| 23:17:43| 100,119 12525 2544 | 20,556
8 18/02/2000| 12:26:19 | 100,100 | 12138 2497 | 21,066
9 20/02/2000| 04:03:13 | 100,146 | 12371 2523 | 20,285
10 20/02/2000 | 13:29:47 97,318 11403 2382 | 20,182
11 20/02/2000 | 21:33:46 97,358 | 11663 2416 | 21,214
12 21/02/2000| 02:05:05 | 100,078 | 12534 2551 | 21,716
13 21/02/2000| 18:33:46 | 100,110 | 12525 2551 | 21,016
14 22/02/2000| 07:59:40 | 100,026 | 12373 2529 | 21,342
15 23/02/2000| 01:47:27 | 105,148 | 14175 2836 | 21,944
16 24/02/2000| 17:30:14 | 102,113 | 13510 2724 | 21,255




17 25/02/2000| 16:44:35| 100,100 13151 2669 20,443
18 26/02/2000| 09:13:09 | 100,136 13594 2743 19,995
19 28/02/2000| 01:51:13| 100,061 12709 2594 20,953
20 02/03/2000| 14:43:20 | 104,166 14251 2792 21,247
21 07/03/2000| 09:41:37 | 106,128 14677 2824 22,006
22 07/03/2000| 23:25:11| 106,061 15054 2890 21,375
23 11/03/2000| 07:19:19 | 106,094 15247 2949 20,764
24 12/03/2000| 06:03:38 | 107,890 16461 3164 20,999
25 14/03/2000| 07:42:33 | 108,002 16042 3101 21,615
26 15/03/2000| 06:39:56 | 107,014 15663 3040 21,836
27 17/03/2000 | 12:29:44 | 106,151 14723 2886 22,000
28 18/03/2000| 20:18:49 | 106,069 14331 2814 22,419
29 25/03/2000| 22:48:42 | 107,991 16172 3190 21,742
30 31/03/2000| 00:25:05| 106,063 15254 3027 21,304
31 01/04/2000| 08:12:59 | 104,139 14297 2871 21,034
32 03/04/2000| 06:30:09 | 106,066 15050 3007 21,214
33 04/04/2000 | 09:09:22 | 106,082 15325 3058 20,855
34 04/04/2000 | 16:38:38 | 102,121 13421 2728 20,738
35 05/04/2000 | 21:44:44| 102,041 13456 2745 20,873
36 09/04/2000| 00:08:39 | 106,134 15629 3111 21,391
37 10/04/2000| 05:28:34 | 106,110 16054 3183 20,853
38 11/04/2000| 03:29:19 | 106,097 15086 3008 21,462
39 14/04/2000| 05:45:01 | 106,132 16632 3281 21,312
40 15/04/2000 | 09:16:42 | 104,119 16074 3204 20,295
41 15/04/2000 | 21:38:38 | 103,664 16204 3240 18,977
42 19/04/2000 | 07:22:04 | 106,049 16480 3287 22,445
43 20/04/2000| 23:08:29 | 105,993 17087 3436 21,038
44 23/04/2000| 13:57:37 | 106,107 17381 3547 20,827
45 24/04/2000| 09:51:44 | 106,205 17314 3534 19,225
46 25/04/2000| 02:33:05| 106,125 17064 3496 21,160
a7 27/04/2000| 02:10:41| 105,633 16896 3484 21,262
48 29/04/2000| 06:23:28 | 106,617 16894 3497 21,703
49 29/04/2000 | 23:46:13 | 101,221 14243 2997 20,790
50 05/05/2000| 04:35:08 | 105,898 16599 3408 21,031
51 09/05/2000| 07:22:30 | 104,096 15230 3168 22,271
52 09/05/2000 | 15:04:32 | 104,130 15233 3172 22,235
53 10/05/2000| 00:26:44 | 102,123 14364 3022 21,635
54 12/05/2000| 11:32:10 | 104,120 16428 3431 20,436
55 13/05/2000 | 11:39:32 | 105,145 16386 3400 21,461
56 14/05/2000| 02:11:00 | 105,047 16305 3406 21,463
57 15/05/2000 | 08:08:46 | 105,199 16014 3327 22,121
58 17/05/2000| 01:40:07 | 104,805 16640 3469 23,536
59 17/05/2000 | 19:49:00 | 105,974 16729 3473 22,027
60 20/05/2000| 22:15:36 | 105,923 16952 3533 21,367
61 22/05/2000| 02:32:05| 106,078 16358 3404 21,932
62 25/05/2000 | 15:05:03 | 104,095 16167 3356 20,347
63 31/05/2000 | 02:04:53 | 105,976 16929 3580 21,658
64 01/06/2000| 07:58:22 | 103,713 16750 3535 19,749
65 04/06/2000| 20:13:09 | 105,588 16808 3577 19,510
66 06/06/2000| 18:49:15| 105,572 16655 3581 20,936
67 07/06/2000 | 13:19:34 | 105,454 16711 3600 20,941
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68 09/06/2000| 22:50:29 | 105,878 16328 3527 21,582
69 15/06/2000 | 05:18:38 | 106,085 16115 3500 22,492
70 19/06/2000 | 19:41:41 98,108 12884 3008 20,712
71 21/06/2000| 20:35:54 | 104,481 16539 3710 20,556
72 23/06/2000| 10:48:09 | 105,191 16608 3749 21,292
73 25/06/2000 | 00:38:04 | 106,064 16675 3790 21,622
74 26/06/2000 | 00:24:11 | 104,083 15748 3592 21,732
75 27/06/2000 | 13:32:33 | 104,032 15895 3620 21,538
76 29/06/2000| 18:43:52 | 105,678 16984 3810 21,638

From the ship voyage data, it is seen that data for engine power, engine
speed, and vessel travel speed is available. From the general principle of

power and speed correlation,

0 Eq.49
it is possible to sort the voyage recorded datia bins based on the Power
by Speed ratio coefficienf§y . With the assumption that the engine and
other machinery are in prime condition, a lower may indicatea higher
efficiency, which is bound to happen when a vessel travels in relatively ca
sea conditionsVith a value o€ o, having thed divided into bins per
its value will give a general sense of direction for analy$ide that data
No. 26 is disregarded during analysis for its extreme value. Data No. 123
and Data No. 126 is asconsidered extra attention because the recording

shows a very low setting of power and speed compared to the average.
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Figure 4.1. MV Impalad; ;count

As seen in figure 4.1., for MV Impala, the voyage recordings show that
during most of its operations the is between 1@ to 1,65. This
information can be used to narrow down the analysis, by constraining the
arefor simulation to this range of resultamt .
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Figure 4.2. MV Libertad, gount

Figure 4.2. shows that the data count for MV Liberta has most frequent

recordings in thed range of 1,50 to 1,65. However, it mudsabe
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considered that MV Liberta has a significantly larger amount of recorded

data points available.

4.1.2 Ship Hull Form

In the estimation of ship resistance, the form of the hull is very detrimental
to the result total resistance. To assist in the cdlonks a representative
hull form is necessary to have. In the analysis of this thesis, a typical
bulbousbow container vessel forms generated using Maxsurf software
The model is adjusted to be within the dimensions of the ship dat#& and
converted to a CAD model, providing sufficignill informationfor further

steps.

Figure 4.3. CAD Model of Hull Form
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4.2 Estimation for Ship Resistance
4.2.1 Estimation for Calm Water Ship Resistancd Method A

Guldhammer Method

When considering the influence of weather on a vessel, it is intuitive to first

obtain the ship resistance in calm walidre methods applied in this thesis

are the Guldhammetarvald and Holtrop resistance estimation methods,

along with some modifications from recent studies on those classic
methods.The anal ysi s is done within thi

operating range.

Essentially, the Guldhammer method results in a total resistance coefficient,

0 which will be used to find #ntotal resistancy’ :

Y 0 m " o 7Y Eq.50

In this thesis, the method is begwith the estimation of frictional

resistance.

The Reynolds Numbéy , is obtained from:

Yo — Eq.51
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Table 4.4. Reynold's Number at various speeds

For sea temp at 17 deg For sea temp at 6 deg
V (knots) Reynold's No V (knots) Reynold's No

23 2,085E+09 23 1,541E+09

22 1,994E+09 22 1,474E+09

21 1,903E+09 21 1,407E+09

20 1,813E+09 20 1,340E+09

19 1,722E+09 19 1,273E+09

18 1,631E+09 18 1,206E+09

17 1,541E+09 17 1,139E+09

16 1,450E+09 16 1,072E+09

13 1,178E+09 13 8,712E+08

10 9,064E+08 10 6,702E+08

7 6,345E+08 7 4,691E+08

4 3,626E+08 4 2,681E+08

1 9,064E+07 1 6,702E+07

0 0,000E+00 0 0,000E+00

Table 4.5. Frictional Resistance Coefficient at various speeds

For sea temp at 17 deg For sea temp at 6 deg
V (knots) Frict Resist (Cf) V (knots) Frict Resist (Cf)
23 1,400E03 23 1,452E03
22 1,407E03 22 1,459E03
21 1,415E03 21 1,468E03
20 1,424E03 20 1,476E03
19 1,432E03 19 1,486E03
18 1,442E03 18 1,496E03
17 1,452E03 17 1,506E03
16 1,462E03 16 1,517E03
13 1,500E03 13 1,557E03
10 1,549E03 10 1,610E03
7 1,621E03 7 1,685E03
4 1,743E03 4 1,815E03
1 2,113E03 1 2,209E03
0 0,000E+00 0 0,000E+00

0 , the residual resistance, is obtained by frormd diagrams in the

GuldhammeiHarvald method. These diagrams vary, depending on the
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—, Where0 in this calculation is taken as the length on the

value of —
waterline,0 ,andni s t he shipbés displacement
s

the vessel i's at i11to design | oaded

e
]

= e
ay

T UF‘D T
Thed graphs does not present one for a specific number such as the result
shown, so an intpplation between graphks- uf, such as seen in figure

4.3.,and — @it is applied for precision of results. The results can be

seen in table 4.6Since the Ship dimensionalT"Yis not equal to the

di agrambs standards di mensi on:
6FY ch
Thus thep 0 result valuesare modified according to the correcting

formula:

P  pm y i TID @TY ch
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Figure 4.4. Residual Resistance Coefficient Grdptarvald, 1983)
Source: Harvald (1983)

Table 4.6. Calculation of Residual Resistance

Cr*107"3 (B/T
V (knots) Cr*10"3 (5,5) Cr*10"3 (6,0) Cr*10"3 (Final) Correction)

23 2,35 1,96 2,239 2,257
22 1,78 1,59 1,726 1,744
21 15 1,36 1,460 1,478
20 1,2 1,07 1,163 1,181
19 1 0,9 0,972 0,990
18 0,83 0,77 0,813 0,831
17 0,78 0,69 0,754 0,773
16 0,68 0,6 0,657 0,675
13 0,5 0,5 0,500 0,518
10 0,5 0,5 0,500 0,518
7 0,5 0,5 0,500 0,518

0,5 0,5 0,500 0,518































































































































