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SUMMARY

In this study, resistance and power characteristics of three different fishing vessels are

presented.

First chapter includes some definitions and basic expressions that are used throughout

this research.

In second chapter the theoretical background and the mathematical formulations for the

resistance and power calculation are given. In this chapter model testing procedure and

experimental results for three fishing vessel are presented. Experimental results are

compared for three different fishingvessels for two loading conditions.

In third chapter the resistance and power calculations by using 2-D methods are

presented. The results are compared for three different fishing vessels for two loading

conditions and presented in Tables and Figures.

In fourth chapter the resistance and power calculations by using 3-D methods are

presented. The results are compared for three different fishing vessels for two loading

conditions and presented in Tables and Figures.
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CHAPTERl
INTRODUCTION

This chapter includes basic equation for resistance and power calcuJation. The first

section of this chapter explains the basic power definitions. Whereas, the second section

is the definition of resistance on hull surface of vessel, and explain about the

fundamental components of hull resistance. And major methods to predict hull

resistance definitions are introduced in the third section. The third section also contains

classifications of these methods and their general power overview determining methods

are including in this section. So that by assuming those sections, calculation of

resistance can be found on next chapters.

1.1 POWERING OVERVIEW

The power required to drive a ship through the water depends upon the resistance

offered by the water and air.

To design a ship it is necessary to estimate the power to propel the ship at a particular

speed. This allows estimating machinery masses/size and fuel consumption.

Power prediction problem can be split into the estimation of;

-Effective power, PE

-Propulsive efficiency, tto



2

Where;

EffectivePower (PE): Po'_Ver required low the ship at the desired speed.

Propulsive efficiency (rıo): A measure of hydrodynamics losses in entire ship propulsion

system.

Estimation of effective power requires the prediction of "Total hull resistance, RT"

effectivepower is calculated from;

Vs: Ship speed.

1.2 SHIP HULL RESISTANCE

The resistance of a ship at a given speed is the fluid force acting on the ship in such a

way as to oppose its motion. The resistance will be equal to the component of the fluid

forces acting parallel to the axis of motion of the ship.

The fore and aft components of the tangential shear forces (r) acting on each element of

the hull surface can be summed over the hull to produce the total shear force or

"FRICTIONAL RESISTANCE".

The fore and aft components of the pressure forces (P) acting on each element of the

hull surface can be swnmed over the hull to produce a ''PRESSURE RESISTANCE".



Total hull ıresistance

The pressure resistance is mainly caused by the hull's "wave making" effect. However

the presence of turbulent region around the hull also effect the pressure resistance and._

additional pressure resistance due to viscous effect " VISCOUS PRESSURE

RESISTANCE " or " FORM DRAG "

Alternatively, the hull resistance can be decomposed into two fundamental component

"WAVE RESISTANCE", which is associated with the energy dissipated in the wave

pattern and ''VISCOUS DRAG" which is associated with the energy dissipated in

''wake"

Depends of those resistance expressed as in Figure 1.1.

press,re Frictional

viscous pıressure

Total hull resistance

Figure I.I
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1.3 METHODS TO PREDICT HULL RESISTANCE

There are some methods for calculation the resistance on the hull surface of the ship.

The aim here, choosing the best efficiencymethod.

-Direct model tests using

Froude's 2-D approach or

From factor (or 30) approach

-Standard (Methodial) series methods

..•Regression based methods

-Computational fluiddynamics (CFD) methods

The most expensive but the most reliable method amongst the above is the direct model

test procedure. The reliability of the above methods generally decreases from top to

bottom.

1.3.1 DIRECT MODEL TEST METHOD

The total resistance can be find by testing the model firstly and then these results can

use on ship with depends its ratio. When model testing something is different like as

density of water and wave resistance but this method can be apply for finding total

resistance of ship.

4
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Towing tank tests with geometrically similar model of a full-scale ship allow us to

measure for the resistance of the full-scalevessel followingcertain similaritycriteria.

By using "Dimensional Analysis" procedure one cam show that complete similarity

between a model and full-scale ship (or between two ships) require to meet the

followingcriteria

Shape parameters (ili) must be the same (Geometric similarity)

Reynolds number (Rn) must be the same (Kinematics flow similarity)

Froude number (Fn) must be the same (Dynamic flow similarity)

for the model and ship (or two similarships).

Geometric similarity is achieved by linearly scaling down the underwater hull from of

the ship by a constant factor (i..) known as "scale factor" is given as follow;

Where, L, B, Tare underwater length, beam and draught of the ship or model, while S

and indicate wetted surface area and displacement volume respectively subscripts sand

m indicates "ship" and "model"

Reynolds number, Rn. is defined as;

R; = LV 
V 

Where L is the length of vessel at waterline, V is the vessel speed and u is the kinematic

viscosity.



Froude number, Fn is described as;

V r; = Cl 'Vg.ı.,

where g is the gravitational acceleration.

Although the flow similarity condition (both kinematics & Dynamics) requires.

(R,.)m =(~ls

(Fn)m=(Fnl 

(Kinematics)

(Dynamics)

Fluid viscosity ratio is defined as;

Velocity of model can be calculated by using above similarity, as follows;

Vm=~ f.Ç~ı:

and by using scaling ratio of length factor;

Of course the violation of the kinematics condition brings about the problem of

6
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Since Rn is the measure of viscous fluid forces, the flow regime around the hull,

particularly in the boundary layer (friction belt) for the model will be in the laminar~ ,,

regime while for the ship it will be in turbulence. This problem can be overcome using

"turbulence stimulators" in the form of studs, wires or roughness elements-placed at the

bow sections of models to trip the flow.

FuB-scale Power Prediction

The estimationof ship resistanceand effectivepower fur full-scale were carriedout by two-

dimensionaland three-dimensionalextrapolationprocedure. The detailsof these calculations

are givenin followingsections.

1.3.2 STANDARD SERIES METHOD

In the design process of a merchant ship, it is often the case that the prospective ship

owner specifies the deadweight (ie. payload + fuel) at a particular displacement naval

architect works out the probable displacement and dimensions. While the latter is

usually subjected to restrictions, not associated with powering, the designer has to

specific the proportions and shape of the hull for the particular speed to attain minimum

resistance for lower power and fuel costs.



Therefore, C P =(~: ) ,

together hull form parameters length to beam ratio, ( ~)

length to displacement ratio, ( ::13 ) 

beam to drought ratio, (;)

EZ ılıipsection coefficient, cM == mid - ship.area (BxT)

Froude, naval architects have been studying effects of the above parameters upon

- Fau of a number of hull forms and proportions mainly performed resistance tests.

7 C ıııarion of this kind is obtained by running a series of models in which some of the

parameters are changed in a systematic manner. The results of such "methodical"

-.ıandard" series can be used to plot design charts which are of inestimablevalue to

a series may be based upon a single parent from or upon a number of parents

F 7 rl to one another in some graphicalor mathematicalpattern.

use of standard series data basicallyenables.

- •O estimate rapid and cheaper power estimations at early design stage.

8



There are so many standard series available in open literature.

- Selections of suitable hull form parameters through merit comparisons.

- A standard for judging quality of hull form.

1.3.3 REGRESSION BASED METHOD

In additions to the published results for standard series, there exists a vast store of

resistance data for the many models tested for specific designs. These are generally

unrelated except in a generic way, but they contain the results of many changes made to

hull forms to improve their performance. Such data might therefore be expects to yield

valuableresults if analyses statisticallygoing powerful regression methods.

Within the above framework when sufficient data for a large number of independent

designs exists in a standard form (e.g, from tests on models of similarsize in one towing

tank then statistical (regression) analysis gives an alternative to standard series. In

addition, representative regression equations allow investigating the optimum choice of

design parameters free from constraints.

Regression methods can only be applied in the long term to ship of closely similar types

since more than 150 models may be required to provide an adequate analysis of non

linear combinationsof parameters.

9



For example Doust et al (1959) fist applied regression analysis technique to the

resistance data collected at the National Physical Laboratory with 150 models represents
~

fishingtrawlers.

Daust's regression equation for total resistance coefficient at particular values of Fn

appears as;

CT =0.00505x[a0 +a1 x(;)+a2 x(;)' + +a,. x(;)cP +a,. x(;JCp]
For four values of Fn, the values of regression equations coefficients ao~a29 were

evaluated on the computer :from 150 trawler models.

Although the regression based methods are attractive and easy to use one should be

careful with their limitation. Firstly analysis data should be for the correct ship type.

Secondly one should check the statistical quality (e.g. stand error) of the data to be used.

Finally great care must be taken that the prediction is confined to the limits of the data

base.

10



1.3.4 COMPUTATIONAL FLUID DYNAMICS METHODS

Computational fluid dynamics (CFO) method is using from analysis of ship forms to

predict the total resistance. This method is still in its infancy stage although

considerable research effort is being devoted to the topic. CFO methods promise a

significant predictive capability for the future when further development has taken place

side by side with model testing techniques.
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CHAPTER2

C.t\LM,WATERRESISTANCE TESTS

Three different fishing vessel models was tested Test were carried out for a range of

model speeds from 0.3 to 1.5 meters per second in the Froude number range of 0.07 to

0.4, which corresponds to full-scale speeds of between 3 and 16 knots. For each

combination of the models tested value was taken. All those value given next parts.

2.1 TOWING TANK

A towing tank facility is essentially a long tank, of approximately rectangular cross-

section, spanned with a carriage which towes the model along the tank. Improvements

have been made over the years in terms of the carriage and its functioning,

instrumentation and analysis of data. Digital recording and computers on carriages have

reduced data acquisition time significantly.

Larger tanks in general amploy mechanically or electrically-driven towing carriages

using models 4 to 1 O or meters and conduct resistance as well as self-propulsion tests.

Typical dimensions of these larger tanks are 250 m long, I O m wide and 5 m deep.

Depends upon the speed range, the model carriages may reach to I O mis and above.

In a typical run, the carriage is accelerated upto the required speed, resistance records is

taken during a period of constant speed and then the carriage is decelerated.

12



The models must be made to true to scale all points, at which they are in contact with

water, for geometric similarity. Different type of material for construction of models

can be used (e.g. wood, polystyrene foam, paraffin wax etc.). 2-lFlA-3 type models

which using this project shown in Appendix-A

2.2 PREPERATION OF MODELS;

Three different fishingvessels named as follows;

2-IFlA-3 type fishingvessel.

2-lFlA-4 type fishingvessel.

5-lFlA-4 type fishingvessel.

1J



2.3 TEST RESULTS

In this case, prepared models enter the test from similarity condition of towing tank with

particular speed. By this testing, the values can know on recorder of towing tank. These

geometric properties give on (Table.2.l and Table.2.2).

Table 2.1 Geoımric Properties ofFishing Vessels
Lightship Draft

Vessel L LwL B T UB B/f CB CP CM LCB LCF Sw

(m) (m) (m) (m)
(m) (m) (m2)

2-lFlA-3 41,40 43,20 11,50 5,735 3,600 2;005 0,736 0,793 0,928 -1,539 -3,593 943,100

2-lFlA-4 41,40 44,40 11,50 5,735 3,600 2,005 0,738 0,774 0,954 -1,435 -3,885 868,250

5-lFlA-4 41,40 46,80 11,50 5,735 3,600 2.005 0,742 0,778 0,954 -1,324 -3,567 . 875,190

Loaded Draft

Vessel L LwL B T UB B/f CB CP CM . LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 41,40 43,80 11,50 6,785 3,600 1,695 0,771 0,821 0,940 -1,907 -3,277 1041,080

2-lFlA-4 41,40 45,00 11,50 6,785 3,600 1,695 0,776 0,807 0,962 -1,913 -3,805 970,720

5-lFlA-4 41,40 45,90 l 1,50 6,785 3,600 1,695 0,781 0,812 0,962 - 1,785 -3,677 977,680

Tab~ 2.2 Geometric Properties ofModels
Lightship Draft

Model L LwL B T UB B/f CB CP CM LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 1,38 1,44 0,38 0,191 3,600 2,005 0,736 0,793 0,928 -0,051 -0,120 . 1,048

2-lFlA-4 1,38 1,48 0,38 0,191 3,600 2,005 0,738 0,774 0,954 -0,048 -0,130 0,965

5-lFlA-4 1,38 1,56 0,38 0,191 3,600 2,005 0,742 0,778 0,954 -0,044 -0,119 0,972

Loaded Draft

Model L LwL B T UB Bff CB CP CM LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 1,38 1,46 0,38 0,226 3,600 1,695 0,771 0,821 0,940 -0,064 -0,109 1,157

2-lFlA-4 1,38 1,50 0,38 0,226 3,600 1,695 0,776 0,807 0,962 -0,064 -0,127 1,079

5-lFlA-4 1,38 1,53 0,38 0,226 3,600 1,695 0,781 0,812 0,962 -0,060 -0,123 1,086

Experiments results ofresistance ofmodels are given from Table 2.3, 2.4 and 2.5.
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Table 2.3 Calm Wattt Res~ Data for 2- lFlA-3

Temperaure 17~8 °C Lightship Draft

Model speed (mis) Resstarce (N) Ship speed (knots) Fn

0,2894 0,3148 3,0812 0,0770

0,3957 0,5737 4,2129 0,1053

0,4482 0,8138 4,7726 0,1193

0,5018 0,9540 5,3426 0,1335

0,5641 1,2031 6,0065 0,1501

0,.6041 1,3262 6,4320 0,1607

0,7057 1,8422 7,5143 0,1878

0,8093 2,4984 8,6170 0,2153

0,9093 3,3910 9,6825 0,2419

1,0076 4,7834 10,7288 0,2681

1,1080 6,4801 11,7974 0,2948

1,2059 10,5240 12,8402 0,3208

1,3133 16,8036 13,9842 0,3494

1,4155 20,2439 15,0721 0,3766

1,5113 23,2813 16,0922 0,4021

Ten1)erattre 17.6 °C Loaded Draft

Model speed (mis) Resistance (N) Ship speed (knots) Fn

0,2952 0,5239 3,1427 0,0779

0,3481 0,6465 3,7067 0,0919

0,4011 0,9151 4,2706 0,1059

0,4535 1,1744 4,8292 0,1197

0,5042 1,4007 5,3691 0,1331

0,6036 1,9177 6,4270 0,1593

0,7061 2,7398 7,5186 0,1864

0,8048 3,6152 8,5697 0,2124

0,9045 5,1295 9,6314 0,2388

1,0077 6,9049 10,7293 0,2660

l,1042 8,1489 11,7571 0,2915

1,2068 13,2278 12,8497 0,3185

1,3071 21,6552 13,9178 0,3450

1,4111 27,5063 15,0249 0,3725

1,5129 29,4284 16,1093 0,3994
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Tab~ 2.4 Cahn Water Resstaree Data fur 2-lFlA-4

Temperatı.re 17 .6 °C Lightship Draft

Model speed (m's) Resistance (N) Ship speed (knots) Fn

0,5055 0,8747 5,3825 0,1327

0,6057 1,2640 6,4491 0,1590

0,7069 1,7513 7,5268 0,1855

0,8090 2,6526 8,6145 0,2123

0,9090 3,3126 9,6788 0,2386

1,0138 4,2142 10,7945 0,2661

1,1114 7,3827 11,8334 0,2917

1,2127 11,6537 12,9123 0,3183

1,3144 15,1490 13,9958 0,3450

1,4159 17,6368 15,0764 0,3716

1,5225 20,5235 16,2113 0,3996

Temperat\]re 17.7 °C Loaded Draft

Modelspeed(m's) Resistance (N) Ship speed (knots) Fn

0,5033 1,0770 5,3588 0,1312

0,6054 1,6009 6,4462 0,1578

0,7094 2,1802 7,5535 0,1849

0,8080 3,1235 8,6035 0,2106

0,9112 4,2951 I 9,7025 0,2375

1,0110 5,4750 10,7646 0,2635

1,1108 8,3617 11,8279 0,2896

1,2140 13,0815 12,9268 0,3165

1,3136 18,6243 13,9867 0,3424

1,4179 23,0785 15,0970 0,3696

1,5195 24,3324 16,1792 0,3%1
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Table 2.5 CahnWaterRes~ Data fur 5-IFIA-4

Teıroeraııre 17.3°C Ligh1ship Draft
Modelspeed (m's) Resistance (N) Ship speed (knots) Fn

0,2931 0,3372 3,1205 0,0749

0,3466 0,4094 3,6910 0,0886

0,4022 0,5356 4,2822 0,1028

0,4515 0,6501 4,8079 0,1154

0,5063 0,8248 5,3914 0,1294

0,5557 1,0309 5,9169 0,1420

0,6086 1,2634 6,4802 0,1556

0,6566 1,5274 6,9909 0,1678

0,7090 1,7538 7,5493 0,1812

0,8099 2,7990 8,6237 0,2070

0,9127 3,7681 9,7186 0,2333

1,0122 4,6041 10,7775 0,2587

1,0628 5,5114 11,3164 0,2717

1,1138 7,1972 11,8596 0,2847

1,1623 9,2063 12,3761 0,2971

1,2132 11,0071 12,9181 0,3101

1,3152 14,1466 14,0040 0,3362

1,4179 16,7941 15,0973 0,3624

1,5191 19,8735 16,1748 0,3883

Temıeratue 17.2°C Loaded Draft
Modelspeed (nvs) Resstaree (N) SbiJ speed (knots) Fn

0,2941 0,4052 3,1312 0,0762

0,3495 0,5336 3,7216 0,0905

0,4000 0,6581 4,2594 0,1()36

0,4535 0,8774 4,8288 0,1174

0,5045 1,1450 5,3715 0,1306

0,5571 1,3964 5,9324 0,1443

0,6057 1,6394 6,4499 0,1569

0,6592 1,9534 7,0193 0,1707

0,7092 2,2675 7,5516 0,1837

0,8081 3,1214 8,6049 0,2093

0,9107 4,2776 9,6968 0,2358

1,0076 5,2771 10,7290 0,2609

1,0620 6,1277 11,3076 0,2750

1,1090 7,6657 11,8086 0,2872

1,1619 9,9719 12,3716 0,3009

1,2138 12,8857 12,9244 0,3143

1,3119 17,6516 13,9683 0,3397

1,4140 22,9810 15,0555 0,3662

1,5183 23,7475 16,1670 0,3932
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2.4 DISCUSSION OF MODELS GRAFT

All these value putting on recorder. In here tables shown to us when velocity increasing,

resistance on model also increases.

The difference between the lightship and loaded condition shown on Figure 2.2, 2.3,

and 2.4

Major aim of these tests is finding the best efficiency type of ship. Resistance must be

lower on same velocity and same weight of models. This different shown in Figure 2.5

and2.6.
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SUMMARY

In this study, resistance and power characteristics of three different fishing vessels are

presented.

First chapter includes some definitions and basic expressions that are used throughout

this research.

In second chapter the theoretical background and the mathematical formulations for the

resistance and power calculation are given. In this chapter model testing procedure and

experimental results for three fishing vessel are presented. Experimental results are

compared for three different fishingvessels for two loading conditions.

In third chapter the resistance and power calculations by using 2-D methods are

presented. The results are compared for three different fishing vessels for two loading

conditions and presented in Tables and Figures.

In fourth chapter the resistance and power calculations by using 3-D methods are

presented. The results are compared for three different fishing vessels for two loading

conditions and presented in Tables and Figures.
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CHAPTERl
INTRODUCTION

This chapter includes basic equation for resistance and power calcuJation. The first

section of this chapter explains the basic power definitions. Whereas, the second section

is the definition of resistance on hull surface of vessel, and explain about the

fundamental components of hull resistance. And major methods to predict hull

resistance definitions are introduced in the third section. The third section also contains

classifications of these methods and their general power overview determining methods

are including in this section. So that by assuming those sections, calculation of

resistance can be found on next chapters.

1.1 POWERING OVERVIEW

The power required to drive a ship through the water depends upon the resistance

offered by the water and air.

To design a ship it is necessary to estimate the power to propel the ship at a particular

speed. This allows estimating machinery masses/size and fuel consumption.

Power prediction problem can be split into the estimation of;

-Effective power, PE

-Propulsive efficiency, tto
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Where;

EffectivePower (PE): Po'_Ver required low the ship at the desired speed.

Propulsive efficiency (rıo): A measure of hydrodynamics losses in entire ship propulsion

system.

Estimation of effective power requires the prediction of "Total hull resistance, RT"

effectivepower is calculated from;

Vs: Ship speed.

1.2 SHIP HULL RESISTANCE

The resistance of a ship at a given speed is the fluid force acting on the ship in such a

way as to oppose its motion. The resistance will be equal to the component of the fluid

forces acting parallel to the axis of motion of the ship.

The fore and aft components of the tangential shear forces (r) acting on each element of

the hull surface can be summed over the hull to produce the total shear force or

"FRICTIONAL RESISTANCE".

The fore and aft components of the pressure forces (P) acting on each element of the

hull surface can be swnmed over the hull to produce a ''PRESSURE RESISTANCE".



Total hull ıresistance

The pressure resistance is mainly caused by the hull's "wave making" effect. However

the presence of turbulent region around the hull also effect the pressure resistance and._

additional pressure resistance due to viscous effect " VISCOUS PRESSURE

RESISTANCE " or " FORM DRAG "

Alternatively, the hull resistance can be decomposed into two fundamental component

"WAVE RESISTANCE", which is associated with the energy dissipated in the wave

pattern and ''VISCOUS DRAG" which is associated with the energy dissipated in

''wake"

Depends of those resistance expressed as in Figure 1.1.

press,re Frictional

viscous pıressure

Total hull resistance

Figure I.I
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1.3 METHODS TO PREDICT HULL RESISTANCE

There are some methods for calculation the resistance on the hull surface of the ship.

The aim here, choosing the best efficiencymethod.

-Direct model tests using

Froude's 2-D approach or

From factor (or 30) approach

-Standard (Methodial) series methods

..•Regression based methods

-Computational fluiddynamics (CFD) methods

The most expensive but the most reliable method amongst the above is the direct model

test procedure. The reliability of the above methods generally decreases from top to

bottom.

1.3.1 DIRECT MODEL TEST METHOD

The total resistance can be find by testing the model firstly and then these results can

use on ship with depends its ratio. When model testing something is different like as

density of water and wave resistance but this method can be apply for finding total

resistance of ship.

4
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Towing tank tests with geometrically similar model of a full-scale ship allow us to

measure for the resistance of the full-scalevessel followingcertain similaritycriteria.

By using "Dimensional Analysis" procedure one cam show that complete similarity

between a model and full-scale ship (or between two ships) require to meet the

followingcriteria

Shape parameters (ili) must be the same (Geometric similarity)

Reynolds number (Rn) must be the same (Kinematics flow similarity)

Froude number (Fn) must be the same (Dynamic flow similarity)

for the model and ship (or two similarships).

Geometric similarity is achieved by linearly scaling down the underwater hull from of

the ship by a constant factor (i..) known as "scale factor" is given as follow;

Where, L, B, Tare underwater length, beam and draught of the ship or model, while S

and indicate wetted surface area and displacement volume respectively subscripts sand

m indicates "ship" and "model"

Reynolds number, Rn. is defined as;

R; = LV
V

Where L is the length of vessel at waterline, V is the vessel speed and u is the kinematic

viscosity.



Froude number, Fn is described as;

V r; = Cl'Vg.ı.,

where g is the gravitational acceleration.

Although the flow similarity condition (both kinematics & Dynamics) requires.

(R,.)m =(~ls

(Fn)m=(Fnl

(Kinematics)

(Dynamics)

Fluid viscosity ratio is defined as;

Velocity of model can be calculated by using above similarity, as follows;

Vm=~ f.Ç~ı:

and by using scaling ratio of length factor;

Of course the violation of the kinematics condition brings about the problem of

6
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Since Rn is the measure of viscous fluid forces, the flow regime around the hull,

particularly in the boundary layer (friction belt) for the model will be in the laminar~ ,,

regime while for the ship it will be in turbulence. This problem can be overcome using

"turbulence stimulators" in the form of studs, wires or roughness elements-placed at the

bow sections of models to trip the flow.

FuB-scale Power Prediction

The estimationof ship resistanceand effectivepower fur full-scale were carriedout by two-

dimensionaland three-dimensionalextrapolationprocedure. The detailsof these calculations

are givenin followingsections.

1.3.2 STANDARD SERIES METHOD

In the design process of a merchant ship, it is often the case that the prospective ship

owner specifies the deadweight (ie. payload + fuel) at a particular displacement naval

architect works out the probable displacement and dimensions. While the latter is

usually subjected to restrictions, not associated with powering, the designer has to

specific the proportions and shape of the hull for the particular speed to attain minimum

resistance for lower power and fuel costs.



Therefore, C P =(~: ) ,

together hull form parameters length to beam ratio, ( ~)

length to displacement ratio, ( ::13 )

beam to drought ratio, (;)

EZ ılıipsection coefficient, cM == mid - ship.area(BxT)

Froude, naval architects have been studying effects of the above parameters upon

- Fau of a number of hull forms and proportions mainly performed resistance tests.

7 C ıııarion of this kind is obtained by running a series of models in which some of the

parameters are changed in a systematic manner. The results of such "methodical"

-.ıandard" series can be used to plot design charts which are of inestimablevalue to

a series may be based upon a single parent from or upon a number of parents

F 7 rl to one another in some graphicalor mathematicalpattern.

use of standard series data basicallyenables.

- •O estimate rapid and cheaper power estimations at early design stage.

8



There are so many standard series available in open literature.

- Selections of suitable hull form parameters through merit comparisons.

- A standard for judging quality of hull form.

1.3.3 REGRESSION BASED METHOD

In additions to the published results for standard series, there exists a vast store of

resistance data for the many models tested for specific designs. These are generally

unrelated except in a generic way, but they contain the results of many changes made to

hull forms to improve their performance. Such data might therefore be expects to yield

valuableresults if analyses statisticallygoing powerful regression methods.

Within the above framework when sufficient data for a large number of independent

designs exists in a standard form (e.g, from tests on models of similarsize in one towing

tank then statistical (regression) analysis gives an alternative to standard series. In

addition, representative regression equations allow investigating the optimum choice of

design parameters free from constraints.

Regression methods can only be applied in the long term to ship of closely similar types

since more than 150 models may be required to provide an adequate analysis of non

linear combinationsof parameters.

9



For example Doust et al (1959) fist applied regression analysis technique to the

resistance data collected at the National Physical Laboratory with 150 models represents
~

fishingtrawlers.

Daust's regression equation for total resistance coefficient at particular values of Fn

appears as;

CT =0.00505x[a0 +a1 x(;)+a2 x(;)' + +a,. x(;)cP +a,. x(;JCp]
For four values of Fn, the values of regression equations coefficients ao~a29 were

evaluated on the computer :from 150 trawler models.

Although the regression based methods are attractive and easy to use one should be

careful with their limitation. Firstly analysis data should be for the correct ship type.

Secondly one should check the statistical quality (e.g. stand error) of the data to be used.

Finally great care must be taken that the prediction is confined to the limits of the data

base.

10



1.3.4 COMPUTATIONAL FLUID DYNAMICS METHODS

Computational fluid dynamics (CFO) method is using from analysis of ship forms to

predict the total resistance. This method is still in its infancy stage although

considerable research effort is being devoted to the topic. CFO methods promise a

significant predictive capability for the future when further development has taken place

side by side with model testing techniques.

11



CHAPTER2

C.t\LM,WATERRESISTANCE TESTS

Three different fishing vessel models was tested Test were carried out for a range of

model speeds from 0.3 to 1.5 meters per second in the Froude number range of 0.07 to

0.4, which corresponds to full-scale speeds of between 3 and 16 knots. For each

combination of the models tested value was taken. All those value given next parts.

2.1 TOWING TANK

A towing tank facility is essentially a long tank, of approximately rectangular cross-

section, spanned with a carriage which towes the model along the tank. Improvements

have been made over the years in terms of the carriage and its functioning,

instrumentation and analysis of data. Digital recording and computers on carriages have

reduced data acquisition time significantly.

Larger tanks in general amploy mechanically or electrically-driven towing carriages

using models 4 to 1 O or meters and conduct resistance as well as self-propulsion tests.

Typical dimensions of these larger tanks are 250 m long, I O m wide and 5 m deep.

Depends upon the speed range, the model carriages may reach to I O mis and above.

In a typical run, the carriage is accelerated upto the required speed, resistance records is

taken during a period of constant speed and then the carriage is decelerated.

12



The models must be made to true to scale all points, at which they are in contact with

water, for geometric similarity. Different type of material for construction of models

can be used (e.g. wood, polystyrene foam, paraffin wax etc.). 2-lFlA-3 type models

which using this project shown in Appendix-A

2.2 PREPERATION OF MODELS;

Three different fishingvessels named as follows;

2-IFlA-3 type fishingvessel.

2-lFlA-4 type fishingvessel.

5-lFlA-4 type fishingvessel.

1J



2.3 TEST RESULTS

In this case, prepared models enter the test from similarity condition of towing tank with

particular speed. By this testing, the values can know on recorder of towing tank. These

geometric properties give on (Table.2.l and Table.2.2).

Table 2.1 Geoımric Properties ofFishing Vessels
Lightship Draft

Vessel L LwL B T UB B/f CB CP CM LCB LCF Sw

(m) (m) (m) (m)
(m) (m) (m2)

2-lFlA-3 41,40 43,20 11,50 5,735 3,600 2;005 0,736 0,793 0,928 -1,539 -3,593 943,100

2-lFlA-4 41,40 44,40 11,50 5,735 3,600 2,005 0,738 0,774 0,954 -1,435 -3,885 868,250

5-lFlA-4 41,40 46,80 11,50 5,735 3,600 2.005 0,742 0,778 0,954 -1,324 -3,567 . 875,190

Loaded Draft

Vessel L LwL B T UB B/f CB CP CM . LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 41,40 43,80 11,50 6,785 3,600 1,695 0,771 0,821 0,940 -1,907 -3,277 1041,080

2-lFlA-4 41,40 45,00 11,50 6,785 3,600 1,695 0,776 0,807 0,962 -1,913 -3,805 970,720

5-lFlA-4 41,40 45,90 l 1,50 6,785 3,600 1,695 0,781 0,812 0,962 - 1,785 -3,677 977,680

Tab~ 2.2 Geometric Properties ofModels
Lightship Draft

Model L LwL B T UB B/f CB CP CM LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 1,38 1,44 0,38 0,191 3,600 2,005 0,736 0,793 0,928 -0,051 -0,120 . 1,048

2-lFlA-4 1,38 1,48 0,38 0,191 3,600 2,005 0,738 0,774 0,954 -0,048 -0,130 0,965

5-lFlA-4 1,38 1,56 0,38 0,191 3,600 2,005 0,742 0,778 0,954 -0,044 -0,119 0,972

Loaded Draft

Model L LwL B T UB Bff CB CP CM LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 1,38 1,46 0,38 0,226 3,600 1,695 0,771 0,821 0,940 -0,064 -0,109 1,157

2-lFlA-4 1,38 1,50 0,38 0,226 3,600 1,695 0,776 0,807 0,962 -0,064 -0,127 1,079

5-lFlA-4 1,38 1,53 0,38 0,226 3,600 1,695 0,781 0,812 0,962 -0,060 -0,123 1,086

Experiments results ofresistance ofmodels are given from Table 2.3, 2.4 and 2.5.
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Table 2.3 Calm Wattt Res~ Data for 2- lFlA-3

Temperaure 17~8 °C Lightship Draft

Model speed (mis) Resstarce (N) Ship speed (knots) Fn

0,2894 0,3148 3,0812 0,0770

0,3957 0,5737 4,2129 0,1053

0,4482 0,8138 4,7726 0,1193

0,5018 0,9540 5,3426 0,1335

0,5641 1,2031 6,0065 0,1501

0,.6041 1,3262 6,4320 0,1607

0,7057 1,8422 7,5143 0,1878

0,8093 2,4984 8,6170 0,2153

0,9093 3,3910 9,6825 0,2419

1,0076 4,7834 10,7288 0,2681

1,1080 6,4801 11,7974 0,2948

1,2059 10,5240 12,8402 0,3208

1,3133 16,8036 13,9842 0,3494

1,4155 20,2439 15,0721 0,3766

1,5113 23,2813 16,0922 0,4021

Ten1)erattre 17.6 °C Loaded Draft

Model speed (mis) Resistance (N) Ship speed (knots) Fn

0,2952 0,5239 3,1427 0,0779

0,3481 0,6465 3,7067 0,0919

0,4011 0,9151 4,2706 0,1059

0,4535 1,1744 4,8292 0,1197

0,5042 1,4007 5,3691 0,1331

0,6036 1,9177 6,4270 0,1593

0,7061 2,7398 7,5186 0,1864

0,8048 3,6152 8,5697 0,2124

0,9045 5,1295 9,6314 0,2388

1,0077 6,9049 10,7293 0,2660

l,1042 8,1489 11,7571 0,2915

1,2068 13,2278 12,8497 0,3185

1,3071 21,6552 13,9178 0,3450

1,4111 27,5063 15,0249 0,3725

1,5129 29,4284 16,1093 0,3994
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Tab~ 2.4 Cahn Water Resstaree Data fur 2-lFlA-4

Temperatı.re 17 .6 °C Lightship Draft

Model speed (m's) Resistance (N) Ship speed (knots) Fn

0,5055 0,8747 5,3825 0,1327

0,6057 1,2640 6,4491 0,1590

0,7069 1,7513 7,5268 0,1855

0,8090 2,6526 8,6145 0,2123

0,9090 3,3126 9,6788 0,2386

1,0138 4,2142 10,7945 0,2661

1,1114 7,3827 11,8334 0,2917

1,2127 11,6537 12,9123 0,3183

1,3144 15,1490 13,9958 0,3450

1,4159 17,6368 15,0764 0,3716

1,5225 20,5235 16,2113 0,3996

Temperat\]re 17.7 °C Loaded Draft

Modelspeed(m's) Resistance (N) Ship speed (knots) Fn

0,5033 1,0770 5,3588 0,1312

0,6054 1,6009 6,4462 0,1578

0,7094 2,1802 7,5535 0,1849

0,8080 3,1235 8,6035 0,2106

0,9112 4,2951 I 9,7025 0,2375

1,0110 5,4750 10,7646 0,2635

1,1108 8,3617 11,8279 0,2896

1,2140 13,0815 12,9268 0,3165

1,3136 18,6243 13,9867 0,3424

1,4179 23,0785 15,0970 0,3696

1,5195 24,3324 16,1792 0,3%1
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Table 2.5 CahnWaterRes~ Data fur 5-IFIA-4

Teıroeraııre 17.3°C Ligh1ship Draft
Modelspeed (m's) Resistance (N) Ship speed (knots) Fn

0,2931 0,3372 3,1205 0,0749

0,3466 0,4094 3,6910 0,0886

0,4022 0,5356 4,2822 0,1028

0,4515 0,6501 4,8079 0,1154

0,5063 0,8248 5,3914 0,1294

0,5557 1,0309 5,9169 0,1420

0,6086 1,2634 6,4802 0,1556

0,6566 1,5274 6,9909 0,1678

0,7090 1,7538 7,5493 0,1812

0,8099 2,7990 8,6237 0,2070

0,9127 3,7681 9,7186 0,2333

1,0122 4,6041 10,7775 0,2587

1,0628 5,5114 11,3164 0,2717

1,1138 7,1972 11,8596 0,2847

1,1623 9,2063 12,3761 0,2971

1,2132 11,0071 12,9181 0,3101

1,3152 14,1466 14,0040 0,3362

1,4179 16,7941 15,0973 0,3624

1,5191 19,8735 16,1748 0,3883

Temıeratue 17.2°C Loaded Draft
Modelspeed (nvs) Resstaree (N) SbiJ speed (knots) Fn

0,2941 0,4052 3,1312 0,0762

0,3495 0,5336 3,7216 0,0905

0,4000 0,6581 4,2594 0,1()36

0,4535 0,8774 4,8288 0,1174

0,5045 1,1450 5,3715 0,1306

0,5571 1,3964 5,9324 0,1443

0,6057 1,6394 6,4499 0,1569

0,6592 1,9534 7,0193 0,1707

0,7092 2,2675 7,5516 0,1837

0,8081 3,1214 8,6049 0,2093

0,9107 4,2776 9,6968 0,2358

1,0076 5,2771 10,7290 0,2609

1,0620 6,1277 11,3076 0,2750

1,1090 7,6657 11,8086 0,2872

1,1619 9,9719 12,3716 0,3009

1,2138 12,8857 12,9244 0,3143

1,3119 17,6516 13,9683 0,3397

1,4140 22,9810 15,0555 0,3662

1,5183 23,7475 16,1670 0,3932
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2.4 DISCUSSION OF MODELS GRAFT

All these value putting on recorder. In here tables shown to us when velocity increasing,

resistance on model also increases.

The difference between the lightship and loaded condition shown on Figure 2.2, 2.3,

and 2.4

Major aim of these tests is finding the best efficiency type of ship. Resistance must be

lower on same velocity and same weight of models. This different shown in Figure 2.5

and2.6.
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2.S REMARKS ON FINDINGS

• Difference between loaded and lightship draft of three type models are same

until the 1.0 mis. Then the third type of ship (5-IFIA-4) is start be different to

another from 1,4 m/s suddenly stay the constant resistance. But between 1,0-1,4

mis resistance increase more than another.

• Between the loaded and lightship draft resistance difference at 1,4 mis for all

kind of model around 5 N.

• When looking.the all lightship draft, 2-lFlA-3 is a more resistance at 1.5 ın/s.

And

5-lFlA-4 is lower resistance at same speed. Lightship draft for all type shown

to us

5- lFlA-4 is best model.

• Loaded drafts for all kind of model also shown to us 2-lFlA-3 have more

resistance at 1.5 mis. But here another type of model is some resistance at all

points.

• The first one (2-lFIA-3) is made suddenly changing the resistance value. This

is not acceptable.
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CHAPTER3

Resistance and Power Calculation by using 2-D Method

Three different fishing vessel models were tested and by using this value, ship

resistance and power is finding in this chapter.

3.1 Froude's 2-D Approach

Froude assumed the total ship hull resistance as;

Total ship hull resistance= Skin frictiondrag+ the rest (i.e, residuary resistance)

In terms of coefficients expressed as;

where, Cr is the total resistance coefficient, CF is the frictional resistance coefficient

and

CR is, the residuary resistance coefficient.

22 



Froude found that;

(cR ls :::: (cR )m at corresponding speed or at the same Froude number, (Fn )s = (Fn )m

Hence;

where subscript 'm' and 's' indicates 'model' and 'ship'.

In this equation (Cr )m can be obtained from model test whereas (CF )m and (CF >scan

be calculated by using ITTC-57 model-ship correlation line as;

(c ) = 0.015 (c ) = 0.015
F Ill (logıo(Rn)m-ır F s (logıo(Rn)s -ır

'

The total resistance of the ship, (Rrt is given. by;

Following this, the effective power, (PE t calculate as follows;
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Full-scale power predictions by using 2-D approach were carried out for both lightship

and loaded draft for three different model....

In first section includes the calculationsof tests results Table 3.1, 3.2 and 3.3.

And those calculation result given Figure 3.1, 3.2 and 3.3.
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Table 3.1 Tabulııted.Data rorPowerPıııdic:tion by 2-D>qıproacb, 2-IFJA-3
Liglıtılıipl)nıft

(V)..(m's) (RT).. (N) (Rn\,,,ıo' (CT}n (CF),, (CR),, (V),(m's) (Fn), IRn),ıo' (CF), (CR), (Cf), (RT), (N) PE(kW)

0,2894 0,3148 0,3894 0,0072 0,0058 0,0014 1,5849 0,<1770 57,6198 0,0023 0,0014 0,0036 4,4076 6,9857

0,3957 0,5737 ~ 0,5325 0,0070 0,0054 0,0016 2,1671 0,1053 711,71148 0,0022 0,0016 0,0038 8,5437 l&,5154

0,4482 0,8138 0,6032 0,0077 0,0052 0,0025 2,4550 0,1193 89,2517 0,0021 0,0025 0,0046 13,4490 33,0177

0,5018 0,9540 0,6753 0,0072 0,0051 0,0021 2,7482 0,1335 99,9096 0,0021 0,0021 0,0042 15,3900 42,2950

O,S641 1,2031 0,7592 0,0072 0,0050 0,0022 3,~7 0,1501 112,3257 0,0020 0,0022 0,0043 19,8285 61,2647

0,6041 1,3262 0,8129 0,0069 0;0049 0,0020 3,3086 0,1607 120,:ım 0,0020 0,0020 0,0041 21,5517 71,3063

0,7057 1,8422 0,9497 0,0071 0,0047 0,0023 3,8654 0,1878 140,5232 0,0020 0,0023 0,0043 31,1790 120,5183

0,8093 2,4984 1.~ı 0,0073 0,0046 0,0027 4,4326 0,2153 161,1443 0,0019 0,0027 0,0046 44,0639 195,3173

0,9093 3,3910 1.2238 0,0078 0,0045 0,0033 4,9807 0,2419 181,0698 0,0019 0,0033 0,0053 63,1781 314,6696

1,0076 4,7834 1,3560 0,0090 0,0044 0,0046 5,5189 0,2681 200,6357 0,0019 0,0046 o.coss 95,7858 528,6299

1,1080 6,4801 1,4911 0,0101 0,0043 0,0058 6,0686 0,2948 220,6203 0,0019 0,0058 0,0<176 136,2351 826,7550

1,2059 10,5240 1,6229 0,0138 0,0042 0,0096 6,6050 0,3208 240,1211 0,0018 0,0096 0,0114 241,SOJJ 1595,1284

1,3133 16,8036 1,7675 0,0186 0,0042 0,0145 7,1935 0,3494 261,5152 0,0018 0,0145 0,0163 4<17,6134 2932,1602

1,4155 20,2439 1,9050 0,0193 0,0041 0,0152 7,7531 0,3766 281,8587 0,0018 0,0152 0,0170 494,8845 3836,8748

1,5113 23,2813 2,(839 0,0195 0,0040 0,0154 i,2778 0,4021 300,9360 0,0018 0,0154 0,0172 571,0710 4727,2287

l-*dDraft

(V)..(m's) (RT)-(N) fRn)mıo' (CT)- (CF},o (CR),, (V),(m's) (Fıı), fRn\.ıo' (CF), (CR), (CT), (RT), (N) PE(kW)

0,2952 0,5239 0,4027 0,0104 0,0058 0,0046 1,6166 0,<1780 59,5874 0,0022 0,0046 0,0069 9,6133 15,5411

0,3481 0,6465 0,4750 0,0092 0,0055 0,0037 1,9067 0,0920 70,2816 0,0022 0,0037 0,0059 11,4188 21,7728

0,4011 0,9151 0,5473 0,0098 0,0054 0,0045 2,1968 0,1060 &0,9725 0,0021 0,0045 0,0066 17,0843 37,5:ıtıl

0,4535 1,1744 0,6188 0,0099 0,0052 0,0047 2,4841 0,1198 91,5633 0,0021 0,0047 0,0068 22,3343 55,4812

0,5042 1,4007 0,6880 0,0095 0,0051 0,0044 2,7619 0,1332 101,8008 0,0021 0,0044 0,0065 26,5688 73,3796

0,6036 1,9177 O,SZ36 0,0091 0,0049 0,0042 3,3060 0,1595 121,8589 0,0020 0,0042 O,OOS2 36,4553 120,5231

0,7061 2,7398 0,9635 0,0095 0,0047 0,0048 3,8675 0,1866 142,5553 0,0020 0,0048 0,0068 54,0601 209,0797

0,8048 3,6152 l,0982 0,0097 0,0046 0,0051 4,4083 0,2127 162,4858 0,0019 0,0051 0,0070 72,7757 320,8144

0,9045 5,1295 1,2342 0,0109 0,0045 O,OOS4 4,9544 0,2390 182,6166 0,0019 O,OOS4 0,0083 lal,6116 538,1068

1,0077 6,9049 1,3749 0,0118 0,0044 0,0074 5,5192 0,2663 203,4332 0,0019 0,0074 0,0093 150,9242 832,9764

1,1042 8,1489 1,5066 0,0116 0,0043 0,0<173 6,0479 0,2918 222,9203 0,0019 0,0073 0,0091 178,4390 1<179,1737

1,2068 13,2278 1,6466 0,0157 0,0042 0,0115 6,6099 0,3189 243,6356 0,0018 O,OIIS 0,0133 311,3527 2058,0001

1,3071 21,6552 1,7835 0,0219 0,0041 0,01'78 7,1$93 0,3454 263,8879 0,0018 0,0178 0,0196 536,8084 3843,1799

1,4111 27,5063 1,9254 0,0239 0,0041 0,0198 7,7288 0,3729 284,8792 0,0018 0,0198 0,0216 689,9835 5332,7531

1,5129 29,4284 2,0644 0,0223 0,0040 0,0182 8,2866 0,3998 305,4391! 0,0018 0,0182 0,0200 733,8(jl)2 6()11,2973
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Table 3,2 Tabuwkd Data for Power Prediction by 2-0 Approach, 2-lFIA-4.. ~ liırMıl!ıtDnıft
Nlmimlsl (RT),, <Nl ,.,_, "' ,crı.. ((Fl.. .{(ll~ (V).(ıt>'ı) /Frtl. rr,.-:..• (IV,. (CRı. ıcrı. rRnoo PE/kW)

0,5055 0,8747 0,6992 0,0071 0,0051 0,0020 2,7687 0,1327 103,4519 0,0021 0,0020 0,0041 14,0121 3&,7959

0,8}57 1,2640 0,8378 0,0072 0,0049 0,0023 3,3174 0,1590 123,9526 0,0020 0,0023 0,0043 21,0716 69,9031

0,7069 l,7513 0,9777 0,0073 0,0047 0,0026 3,8718 0,1855 144,6659 0,0020 0,0026 0,0045 30,3146 117,3709

O,B090 2,6526 1,1190 0,0084 0,0046 0,0038 4,4313 0,2123 165,5722 0,0019 0,0038 0,0058 50,5122 223,8344

0,0090 3,3126 1,2.573 0,0083 0,0045 0,0039 4,9788 0,2386 186,0289 0,0019 0,0039 0,0058 63,6628 316,9633

1,0138 4,2142 1,4022 0,0085 0,0044 0,0041 5,5521 0,2661 201,4no 0,0019 0,0041 0,0050 82,7910 459,7141

l,lH4 7,3827 1,5372 0,0124 0,0043 0,001!1 6,0871 0,2917 227,4412 0,0019 0,0081 0,0100 164,7642 1002,9404

1,2127 11,6537 1,6773 0,0164 0,0042 0,0122 6,6421 0,3183 248,1776 0,0018 0,0122 0,0141 276,6597 1837,6027

1)144 15,1.490 1,8181 0,0182 0,0041 0;0141 7,1994 0,3450 269,0019 0,0018 0,0141 0,0159 366,5857 2639,2091!

1,4159 17,63611 l,9585 0,0183 0,0041 0,0142 7,7SS3 0,3716 2B<J,m1 0,0018 0,0142 0,0160 428,1667 3320,5647

l,S225 20.5235 210S9 0,0184 0,0040 0,0144 8,3391 03996 311,5851 0,0018 0,0144 0,0161 499,9952 4169,5166

LNdoılDnıft
IV\.(mls) IIIT'- (N) (lln\..m6 ıcrı., ıaı.. ((ll\. (V\.(m's) tFnı. =-' ~:· icri.. ((ll). ·,crı. IR'l'\. <Nl PElk.W\

0,5033 1,0770 0,1055 0,0079 0,0051 0,0028 2,7566 0,1312 104)886 0,0021 0,0028 0,0049 18,5396 51,1053

0,(,()54 1,6009 0,8487 0,0081 0,0049 0,0032 3,3159 0,1578 125,5710 0,0020 0,0032 0,0053 28,8294 95,5956

0,7094 2,1802 0,9945 0,0080 0,0047 0,0033 3,8855 0,1849 147,1417 0,0020 0,0033 0,0053 39,9969 155,4(1!9

O,QO 3,1235 1,1327 0,0089 0,0046 0,0043 4,4256 0,2106 !67,5956 0,0019 0,0043 0,0063 6Q,9900 WJ,9'238

0,9112 4,2951 1,2774 0,0096 0,0044 0,0052 4,9910 0,2375 189,0041 0,0019 0,0052 0,0071 87,5491 436,9549

1,0110 S,4750 1,4172 0,0099 0,0044 0,0056 5,5373 0,2635 2~.6935 0,0019 0,0056 0,0075 114,0343 631,4426

1,1108 8,3617 1,5572 0,0126 0,0043 0,0083 6,<*3 0,2896 230,4075 0,0019 0,0083 0,0102 187)653 ll39,98S8

1,2140 13,0815 l,'l019 0,0165 0,0042 0,0123 6,6495 0,3165 251,8132 0,0018 0,0123 0,0141 310,8076 2066,72911

1,3136 18,6243 1,8415 0,0200 0,0041 0,0159 7,1948 0,3424 272,4601 0,0018 0,0159 0,0177 456,8667 3287,0473

1,4179 23,0785 1,9876 0,0213 0,0041 0,0173 7,7659 0,3696 294,0884 0,0018 0,0173 0,0190 571,8928 4441,2582

15195 24,3324 2,1301 0,0196 00040 0,0156 8,3226 03961 315,l'lOO 0,0018 00156 0,0173 5'179230 4976,2678
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l lDIC ..t.J ı aDuwea .uaıa loı-r-ewer ~ııaKJn dVq,,ı..,n.pyn•~u., ~~ u:uıı.-.

1 io,lıtılıiaDnft
/Vl..lm's) (RTı.,INl (l>•L.o• (Cfl.. (Cf),,, (CR\o rvı.rın's) '""'- /Rn).,.• /(TI. ICRJ. /CT). ıırrı.oo PE(kW)

0,29'.ll 0,3372 0,4273 0,0081 0,0057 0,0024 1,6052 0,0749 63,2\n 0,0022 0,0024 0,0046 5,3549 8,5956

0,3466 0,4094 0,5054 0,0070 0,0055 0,0016 l,1!986 O,<m6 74,7755 0,0022 0,0016 0,0037 6,0309 ll,4S01

0,4022 0,5356 ~o,Sll63 0;0068 0,0053 0,0015 2,2028 0,1028 86,7545 0,0021 0,0015 0,0037 7,'RlJ 17,6054

0,4515 0,6501 0,6583 0,0066 0,0051 0,0014 2,4732 0,1154 97,4046 0,0021 0,0014 0,0035 9,6598 23,8906

0,5063 0,8248 0,7382 0,0066 0,0050 0,0016 2,ID3 0,1294 109,2247 0,0021 0,0016 0,0037 12,6861 35,1827

0,5557 1,0309 0,8102 0,0069 0,0049 0,0020 3,0436 0,1.420 119,8707 0,0020 0,0020 0,0040 16,6344 50,6291)

0,6086 l,2634 0,8873 0,0070 0,0048 0,0022 3,3334 0,1556 131,2827 0,0020 0,0022 0,0042 21,0556 70,1868

0,6566 1,5274 0,9572 0,0073 0,0047 0,0026 3,5961 0,1678 141,6305 0,0020 0,0026 0,0046 26,4253 95,0291

0,7090 1,7538 1,0337 0,0072 0,0047 0,0025 3,8834 0,1812 152,9426 0,0020 0,0025 0,0045 30,4408 118,2129

0,*199 2,7990 l,1808 0,0088 0,0045 0,0043 4,4360 0,2070 174,7<117 0,0019 0,0043 0,0062 54,7294 242,7814

0,9127 3,7681 1,3307 0,0093 0,0044 0,0049 4,9993 0,2333 196,8909 0;0019 0,0049 0,0068 76,3419 381,6Sl2

1,0122 4,6041 ıı,4757 0,0093 0,0043 0,0049 5,5439 0,2587 218,3426 0,0019 0,0049 0,0068 93,9912 521,0820

1,0628 5,5114 1,5495 0,0101 0,0043 0,0058 5,8212 O,z717 Zl9,2606 0,0019 0,0058 0,0076 116,1809 676,3079

1,1138 7,1972 1,6239 0,0120 0,0042 0,0077 6,1006 0,2847 240,2647 0,0018 0,0077 0,0096 159,8423 975,1287

1,1623 9,2063 1,6946 0,0140 0,0042 0,0098 6,3663 0,2971 250,7286 0,0018 0,0098 0,0117 212,5308 1353,0Z51

1,2132 11,0071 1,7688 0,0154 0,0042 0,0113 6,6451 0,3101 261,7102 0,0018 0,0113 0,0131 259,1173 1722,2564

1,3152 14,1466 1,9175 0,0169 0,0041 0,0128 7,'}JJJ7 0,3362 283,7<XIB 0,0018 0,0128 0,0146 339,3174 2444,3262

1,4179 16,7941 2,0672 0,0172 0,0040 0,0132 7,7660 0,3624 305,8574 0,0018 0,0132 0,0150 40S,3266 3147,1790

1,5191 19,8735 2,2147 0,0177 00040 0,0138 83203 03883 3Z7,6881 0,0018 00138 0,0155 483,0171 4018,8649

ı.-ıı.tllraft
Nlm/m's) <Rnn (N) tR••••• • (CT\n (Cf\n ıaı.ı.. IV\./m's\ (Fol. m-, ,.• /CFl. /CR), /CT). iRTl. iNı PE(kW)

0,2941. 0,4052 0,41.77 0,0086 0,0057 0,0029 1,6107 0,0762 61,8092 0,0022 0,0029 0,0052 6,7102 10,8081

0,3495 0,5336 0,41165 0,0081 0,0055 0,0026 1,9144 0,0905 73,4622 0,0022 0,0026 0,0047 8,7225 16,69M

0,4000 0,6581 0,56&3 0,0076 0,0053 0,0023 2,1910 0,1036 84,0790 0,0021 0,0023 0,0044 10,5978 23,2201

0,4535 0,8774 0,6442 0,0079 0,0052 0,0027 2,4839 0,1174 95,3182 0,0021 0,0027 0,0048 14,8429 36,8685

0,5045 1,1450 0,7166 0,0083 0,0050 0,0033 2,7631 0,1306 106,0308 0,0021 0,0033 0,0053 20,3621 56,2620

0,5571 1,3964 0,7915 0,0083 0,0049 0,0034 3,0516 0,1443 117,1029 0,0020 0,0034 0,0054 25,2124 76,9383

0,6057 1,6394 0,8605 0,0082 0,0048 0,0034 3,3178 0,1569 IZ7,3185 0,0020 0,0034 0,0054 29,8582 99,0640

0,6592 1,9534 0,9365 0,0083 0,0048 0,0035 3,6107 0,1707 138,5580 0,0020 0,0035 0,0055 36,1142 130,3981

0,'1092 2,2675 1,0075 0;0083 0,0047 0,0036 3,8845 0,1837 14!1,0653 0,0020 0,0036 0,0056 42,3986 164,6985

0,8081 3,1214 1,1430 0,0088 0,0046 0,0043 4,4264 0,:1D93 169,8586 0,0019 0,0043 0,0062 60,8942 269,5409

0,9107 4,2176 1,2937 0,0095 0,0044 0,0051 4,9880 0,2358 191,411.3 0,0019 0,0051 0,0070 87,0613 434,2643

1,0076 5,2771 1,4314 0,0096 0,0043 0,0052 5,5190 0,2609 211,7861 0,0019 0,0052 0,0071 108,7261 600,0571

1,0620 6,1217 1,5086 0,0100 0,0043 0,0057 5,8166 O,Z7S0 223,2073 0,0019 0,0057 0,0076 128,7280 748,7600

1,1090 7/~57 1,5754 0,0115 0,0043 0,0072 6,0743 0,2872 233,0973 0,0018 0,0072 0,0091 168,1700 1021,5204

1,1619 9,9719 1,6505 0,0136 0,0042 0,0094 6,3640 0,3009 244,2114 0,0018 0,0094 0,0112 228,4067 145),5698

l,2J38 12,8857 1,7243 0,0161 0,0042 0,0120 6,6483 0,3143 255,1237 0,0018 0,0120 0,0138 305,4437 2030,6881

1,3119 17,6516 1,8636 0,0189 0,0041 0,0148 7,1853 0,3397 275,7301 0,0018 0,0148 0,0166 430,1405 3090,6927

1,4140 22,9810 2,0086 0,0212 0,0041 0,0171 7,7446 0,3662 297,1914 0,0018 0,0171 0,0189 5@,6925 4412,0244

15183 23 7475 2,1569 00190 0,0040 00150 8,3163 03932 319 1316 00018 00150 0,0168 581,9590 48397560
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Figure 3.1 Effective Power by 2-D Approach fur 2-lFIA-3
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Figure 3.2 Effective Power by 2-D Approach fur 2-lFlA-4
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Figure 3.3 Effective Power by 2-D Approach for 5--IFIA-4
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Figure 3.4 Effective Power for Short Hull Combinations at Lightship Draft
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Figure 3.5 Effective Power for Short Hull Combinations at Loaded Draft
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SUMMARY

In this study, resistance and power characteristics of three different fishing vessels are

presented.

First chapter includes some definitions and basic expressions that are used throughout

this research.

In second chapter the theoretical background and the mathematical formulations for the

resistance and power calculation are given. In this chapter model testing procedure and

experimental results for three fishing vessel are presented. Experimental results are

compared for three different fishingvessels for two loading conditions.

In third chapter the resistance and power calculations by using 2-D methods are

presented. The results are compared for three different fishing vessels for two loading

conditions and presented in Tables and Figures.

In fourth chapter the resistance and power calculations by using 3-D methods are

presented. The results are compared for three different fishing vessels for two loading

conditions and presented in Tables and Figures.
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1

CHAPTERl
INTRODUCTION

This chapter includes basic equation for resistance and power calcuJation. The first

section of this chapter explains the basic power definitions. Whereas, the second section

is the definition of resistance on hull surface of vessel, and explain about the

fundamental components of hull resistance. And major methods to predict hull

resistance definitions are introduced in the third section. The third section also contains

classifications of these methods and their general power overview determining methods

are including in this section. So that by assuming those sections, calculation of

resistance can be found on next chapters.

1.1 POWERING OVERVIEW

The power required to drive a ship through the water depends upon the resistance

offered by the water and air.

To design a ship it is necessary to estimate the power to propel the ship at a particular

speed. This allows estimating machinery masses/size and fuel consumption.

Power prediction problem can be split into the estimation of;

-Effective power, PE

-Propulsive efficiency, tto



2

Where;

EffectivePower (PE): Po'_Ver required low the ship at the desired speed.

Propulsive efficiency (rıo): A measure of hydrodynamics losses in entire ship propulsion

system.

Estimation of effective power requires the prediction of "Total hull resistance, RT"

effectivepower is calculated from;

Vs: Ship speed.

1.2 SHIP HULL RESISTANCE

The resistance of a ship at a given speed is the fluid force acting on the ship in such a

way as to oppose its motion. The resistance will be equal to the component of the fluid

forces acting parallel to the axis of motion of the ship.

The fore and aft components of the tangential shear forces (r) acting on each element of

the hull surface can be summed over the hull to produce the total shear force or

"FRICTIONAL RESISTANCE".

The fore and aft components of the pressure forces (P) acting on each element of the

hull surface can be swnmed over the hull to produce a ''PRESSURE RESISTANCE".



Total hull ıresistance

The pressure resistance is mainly caused by the hull's "wave making" effect. However

the presence of turbulent region around the hull also effect the pressure resistance and._

additional pressure resistance due to viscous effect " VISCOUS PRESSURE

RESISTANCE " or " FORM DRAG "

Alternatively, the hull resistance can be decomposed into two fundamental component

"WAVE RESISTANCE", which is associated with the energy dissipated in the wave

pattern and ''VISCOUS DRAG" which is associated with the energy dissipated in

''wake"

Depends of those resistance expressed as in Figure 1.1.

press,re Frictional

viscous pıressure

Total hull resistance

Figure I.I

3



1.3 METHODS TO PREDICT HULL RESISTANCE

There are some methods for calculation the resistance on the hull surface of the ship.

The aim here, choosing the best efficiencymethod.

-Direct model tests using

Froude's 2-D approach or

From factor (or 30) approach

-Standard (Methodial) series methods

..•Regression based methods

-Computational fluiddynamics (CFD) methods

The most expensive but the most reliable method amongst the above is the direct model

test procedure. The reliability of the above methods generally decreases from top to

bottom.

1.3.1 DIRECT MODEL TEST METHOD

The total resistance can be find by testing the model firstly and then these results can

use on ship with depends its ratio. When model testing something is different like as

density of water and wave resistance but this method can be apply for finding total

resistance of ship.

4



5

Towing tank tests with geometrically similar model of a full-scale ship allow us to

measure for the resistance of the full-scalevessel followingcertain similaritycriteria.

By using "Dimensional Analysis" procedure one cam show that complete similarity

between a model and full-scale ship (or between two ships) require to meet the

followingcriteria

Shape parameters (ili) must be the same (Geometric similarity)

Reynolds number (Rn) must be the same (Kinematics flow similarity)

Froude number (Fn) must be the same (Dynamic flow similarity)

for the model and ship (or two similarships).

Geometric similarity is achieved by linearly scaling down the underwater hull from of

the ship by a constant factor (i..) known as "scale factor" is given as follow;

Where, L, B, Tare underwater length, beam and draught of the ship or model, while S

and indicate wetted surface area and displacement volume respectively subscripts sand

m indicates "ship" and "model"

Reynolds number, Rn. is defined as;

R; = LV
V

Where L is the length of vessel at waterline, V is the vessel speed and u is the kinematic

viscosity.



Froude number, Fn is described as;

Vr; = Cl'Vg.ı.,

where g is the gravitational acceleration.

Although the flow similarity condition (both kinematics & Dynamics) requires.

(R,.)m =(~ls

(Fn)m=(Fnl

(Kinematics)

(Dynamics)

Fluid viscosity ratio is defined as;

Velocity of model can be calculated by using above similarity, as follows;

Vm=~ f.Ç~ı:

and by using scaling ratio of length factor;

Of course the violation of the kinematics condition brings about the problem of

6



7

Since Rn is the measure of viscous fluid forces, the flow regime around the hull,

particularly in the boundary layer (friction belt) for the model will be in the laminar~ ,,

regime while for the ship it will be in turbulence. This problem can be overcome using

"turbulence stimulators" in the form of studs, wires or roughness elements-placed at the

bow sections of models to trip the flow.

FuB-scale Power Prediction

The estimationof ship resistanceand effectivepower fur full-scale were carriedout by two-

dimensionaland three-dimensionalextrapolationprocedure. The detailsof these calculations

are givenin followingsections.

1.3.2 STANDARD SERIES METHOD

In the design process of a merchant ship, it is often the case that the prospective ship

owner specifies the deadweight (ie. payload + fuel) at a particular displacement naval

architect works out the probable displacement and dimensions. While the latter is

usually subjected to restrictions, not associated with powering, the designer has to

specific the proportions and shape of the hull for the particular speed to attain minimum

resistance for lower power and fuel costs.



Therefore, CP =(~: ) ,

together hull form parameters length to beam ratio, ( ~)

length to displacement ratio, ( ::13 )

beam to drought ratio, (;)

EZ ılıipsection coefficient, cM == mid - ship.area(BxT)

Froude, naval architects have been studying effects of the above parameters upon

- Fau of a number of hull forms and proportions mainly performed resistance tests.

7 C ıııarion of this kind is obtained by running a series of models in which some of the

parameters are changed in a systematic manner. The results of such "methodical"

-.ıandard" series can be used to plot design charts which are of inestimablevalue to

a series may be based upon a single parent from or upon a number of parents

F 7 rl to one another in some graphicalor mathematicalpattern.

use of standard series data basicallyenables.

- •O estimate rapid and cheaper power estimations at early design stage.

8



There are so many standard series available in open literature.

- Selections of suitable hull form parameters through merit comparisons.

- A standard for judging quality of hull form.

1.3.3 REGRESSION BASED METHOD

In additions to the published results for standard series, there exists a vast store of

resistance data for the many models tested for specific designs. These are generally

unrelated except in a generic way, but they contain the results of many changes made to

hull forms to improve their performance. Such data might therefore be expects to yield

valuableresults if analyses statisticallygoing powerful regression methods.

Within the above framework when sufficient data for a large number of independent

designs exists in a standard form (e.g, from tests on models of similarsize in one towing

tank then statistical (regression) analysis gives an alternative to standard series. In

addition, representative regression equations allow investigating the optimum choice of

design parameters free from constraints.

Regression methods can only be applied in the long term to ship of closely similar types

since more than 150 models may be required to provide an adequate analysis of non

linear combinationsof parameters.

9



For example Doust et al (1959) fist applied regression analysis technique to the

resistance data collected at the National Physical Laboratory with 150 models represents
~

fishingtrawlers.

Daust's regression equation for total resistance coefficient at particular values of Fn

appears as;

CT =0.00505x[a0 +a1 x(;)+a2 x(;)' + +a,.x(;)cP +a,.x(;JCp]
For four values of Fn, the values of regression equations coefficients ao~a29 were

evaluated on the computer :from 150 trawler models.

Although the regression based methods are attractive and easy to use one should be

careful with their limitation. Firstly analysis data should be for the correct ship type.

Secondly one should check the statistical quality (e.g. stand error) of the data to be used.

Finally great care must be taken that the prediction is confined to the limits of the data

base.

10



1.3.4 COMPUTATIONAL FLUID DYNAMICS METHODS

Computational fluid dynamics (CFO) method is using from analysis of ship forms to

predict the total resistance. This method is still in its infancy stage although

considerable research effort is being devoted to the topic. CFO methods promise a

significant predictive capability for the future when further development has taken place

side by side with model testing techniques.

11



CHAPTER2

C.t\LM,WATERRESISTANCE TESTS

Three different fishing vessel models was tested Test were carried out for a range of

model speeds from 0.3 to 1.5 meters per second in the Froude number range of 0.07 to

0.4, which corresponds to full-scale speeds of between 3 and 16 knots. For each

combination of the models tested value was taken. All those value given next parts.

2.1 TOWING TANK

A towing tank facility is essentially a long tank, of approximately rectangular cross-

section, spanned with a carriage which towes the model along the tank. Improvements

have been made over the years in terms of the carriage and its functioning,

instrumentation and analysis of data. Digital recording and computers on carriages have

reduced data acquisition time significantly.

Larger tanks in general amploy mechanically or electrically-driven towing carriages

using models 4 to 1 O or meters and conduct resistance as well as self-propulsion tests.

Typical dimensions of these larger tanks are 250 m long, I O m wide and 5 m deep.

Depends upon the speed range, the model carriages may reach to I O mis and above.

In a typical run, the carriage is accelerated upto the required speed, resistance records is

taken during a period of constant speed and then the carriage is decelerated.

12



The models must be made to true to scale all points, at which they are in contact with

water, for geometric similarity. Different type of material for construction of models

can be used (e.g. wood, polystyrene foam, paraffin wax etc.). 2-lFlA-3 type models

which using this project shown in Appendix-A

2.2 PREPERATION OF MODELS;

Three different fishingvessels named as follows;

2-IFlA-3 type fishingvessel.

2-lFlA-4 type fishingvessel.

5-lFlA-4 type fishingvessel.
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2.3 TEST RESULTS

In this case, prepared models enter the test from similarity condition of towing tank with

particular speed. By this testing, the values can know on recorder of towing tank. These

geometric properties give on (Table.2.l and Table.2.2).

Table 2.1 Geoımric Properties ofFishing Vessels
Lightship Draft

Vessel L LwL B T UB B/f CB CP CM LCB LCF Sw

(m) (m) (m) (m)
(m) (m) (m2)

2-lFlA-3 41,40 43,20 11,50 5,735 3,600 2;005 0,736 0,793 0,928 -1,539 -3,593 943,100

2-lFlA-4 41,40 44,40 11,50 5,735 3,600 2,005 0,738 0,774 0,954 -1,435 -3,885 868,250

5-lFlA-4 41,40 46,80 11,50 5,735 3,600 2.005 0,742 0,778 0,954 -1,324 -3,567 . 875,190

Loaded Draft

Vessel L LwL B T UB B/f CB CP CM . LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 41,40 43,80 11,50 6,785 3,600 1,695 0,771 0,821 0,940 -1,907 -3,277 1041,080

2-lFlA-4 41,40 45,00 11,50 6,785 3,600 1,695 0,776 0,807 0,962 -1,913 -3,805 970,720

5-lFlA-4 41,40 45,90 l 1,50 6,785 3,600 1,695 0,781 0,812 0,962 - 1,785 -3,677 977,680

Tab~ 2.2 Geometric Properties ofModels
Lightship Draft

Model L LwL B T UB B/f CB CP CM LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 1,38 1,44 0,38 0,191 3,600 2,005 0,736 0,793 0,928 -0,051 -0,120 . 1,048

2-lFlA-4 1,38 1,48 0,38 0,191 3,600 2,005 0,738 0,774 0,954 -0,048 -0,130 0,965

5-lFlA-4 1,38 1,56 0,38 0,191 3,600 2,005 0,742 0,778 0,954 -0,044 -0,119 0,972

Loaded Draft

Model L LwL B T UB Bff CB CP CM LCB LCF Sw

(m) (m) (m) (m) (m) (m) (m2)

2-lFlA-3 1,38 1,46 0,38 0,226 3,600 1,695 0,771 0,821 0,940 -0,064 -0,109 1,157

2-lFlA-4 1,38 1,50 0,38 0,226 3,600 1,695 0,776 0,807 0,962 -0,064 -0,127 1,079

5-lFlA-4 1,38 1,53 0,38 0,226 3,600 1,695 0,781 0,812 0,962 -0,060 -0,123 1,086

Experiments results ofresistance ofmodels are given from Table 2.3, 2.4 and 2.5.
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Table 2.3 Calm Wattt Res~ Data for 2- lFlA-3

Temperaure 17~8 °C Lightship Draft

Model speed (mis) Resstarce (N) Ship speed (knots) Fn

0,2894 0,3148 3,0812 0,0770

0,3957 0,5737 4,2129 0,1053

0,4482 0,8138 4,7726 0,1193

0,5018 0,9540 5,3426 0,1335

0,5641 1,2031 6,0065 0,1501

0,.6041 1,3262 6,4320 0,1607

0,7057 1,8422 7,5143 0,1878

0,8093 2,4984 8,6170 0,2153

0,9093 3,3910 9,6825 0,2419

1,0076 4,7834 10,7288 0,2681

1,1080 6,4801 11,7974 0,2948

1,2059 10,5240 12,8402 0,3208

1,3133 16,8036 13,9842 0,3494

1,4155 20,2439 15,0721 0,3766

1,5113 23,2813 16,0922 0,4021

Ten1)erattre 17.6 °C Loaded Draft

Model speed (mis) Resistance (N) Ship speed (knots) Fn

0,2952 0,5239 3,1427 0,0779

0,3481 0,6465 3,7067 0,0919

0,4011 0,9151 4,2706 0,1059

0,4535 1,1744 4,8292 0,1197

0,5042 1,4007 5,3691 0,1331

0,6036 1,9177 6,4270 0,1593

0,7061 2,7398 7,5186 0,1864

0,8048 3,6152 8,5697 0,2124

0,9045 5,1295 9,6314 0,2388

1,0077 6,9049 10,7293 0,2660

l,1042 8,1489 11,7571 0,2915

1,2068 13,2278 12,8497 0,3185

1,3071 21,6552 13,9178 0,3450

1,4111 27,5063 15,0249 0,3725

1,5129 29,4284 16,1093 0,3994
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Tab~ 2.4 Cahn Water Resstaree Data fur 2-lFlA-4

Temperatı.re 17 .6 °C Lightship Draft

Model speed (m's) Resistance (N) Ship speed (knots) Fn

0,5055 0,8747 5,3825 0,1327

0,6057 1,2640 6,4491 0,1590

0,7069 1,7513 7,5268 0,1855

0,8090 2,6526 8,6145 0,2123

0,9090 3,3126 9,6788 0,2386

1,0138 4,2142 10,7945 0,2661

1,1114 7,3827 11,8334 0,2917

1,2127 11,6537 12,9123 0,3183

1,3144 15,1490 13,9958 0,3450

1,4159 17,6368 15,0764 0,3716

1,5225 20,5235 16,2113 0,3996

Temperat\]re 17.7 °C Loaded Draft

Modelspeed(m's) Resistance (N) Ship speed (knots) Fn

0,5033 1,0770 5,3588 0,1312

0,6054 1,6009 6,4462 0,1578

0,7094 2,1802 7,5535 0,1849

0,8080 3,1235 8,6035 0,2106

0,9112 4,2951 I 9,7025 0,2375

1,0110 5,4750 10,7646 0,2635

1,1108 8,3617 11,8279 0,2896

1,2140 13,0815 12,9268 0,3165

1,3136 18,6243 13,9867 0,3424

1,4179 23,0785 15,0970 0,3696

1,5195 24,3324 16,1792 0,3%1
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Table 2.5 CahnWaterRes~ Data fur 5-IFIA-4

Teıroeraııre 17.3°C Ligh1ship Draft
Modelspeed (m's) Resistance (N) Ship speed (knots) Fn

0,2931 0,3372 3,1205 0,0749

0,3466 0,4094 3,6910 0,0886

0,4022 0,5356 4,2822 0,1028

0,4515 0,6501 4,8079 0,1154

0,5063 0,8248 5,3914 0,1294

0,5557 1,0309 5,9169 0,1420

0,6086 1,2634 6,4802 0,1556

0,6566 1,5274 6,9909 0,1678

0,7090 1,7538 7,5493 0,1812

0,8099 2,7990 8,6237 0,2070

0,9127 3,7681 9,7186 0,2333

1,0122 4,6041 10,7775 0,2587

1,0628 5,5114 11,3164 0,2717

1,1138 7,1972 11,8596 0,2847

1,1623 9,2063 12,3761 0,2971

1,2132 11,0071 12,9181 0,3101

1,3152 14,1466 14,0040 0,3362

1,4179 16,7941 15,0973 0,3624

1,5191 19,8735 16,1748 0,3883

Temıeratue 17.2°C Loaded Draft
Modelspeed (nvs) Resstaree (N) SbiJ speed (knots) Fn

0,2941 0,4052 3,1312 0,0762

0,3495 0,5336 3,7216 0,0905

0,4000 0,6581 4,2594 0,1()36

0,4535 0,8774 4,8288 0,1174

0,5045 1,1450 5,3715 0,1306

0,5571 1,3964 5,9324 0,1443

0,6057 1,6394 6,4499 0,1569

0,6592 1,9534 7,0193 0,1707

0,7092 2,2675 7,5516 0,1837

0,8081 3,1214 8,6049 0,2093

0,9107 4,2776 9,6968 0,2358

1,0076 5,2771 10,7290 0,2609

1,0620 6,1277 11,3076 0,2750

1,1090 7,6657 11,8086 0,2872

1,1619 9,9719 12,3716 0,3009

1,2138 12,8857 12,9244 0,3143

1,3119 17,6516 13,9683 0,3397

1,4140 22,9810 15,0555 0,3662

1,5183 23,7475 16,1670 0,3932

17



2.4 DISCUSSION OF MODELS GRAFT

All these value putting on recorder. In here tables shown to us when velocity increasing,

resistance on model also increases.

The difference between the lightship and loaded condition shown on Figure 2.2, 2.3,

and 2.4

Major aim of these tests is finding the best efficiency type of ship. Resistance must be

lower on same velocity and same weight of models. This different shown in Figure 2.5

and2.6.
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Fp 2.5 CairnwaterResiıtao.:eiır Liglmıhip Draft

Cun wııı.r Rıt•iet....,. for LightshipDraft25
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2.S REMARKS ON FINDINGS

• Difference between loaded and lightship draft of three type models are same

until the 1.0 mis. Then the third type of ship (5-IFIA-4) is start be different to

another from 1,4 m/s suddenly stay the constant resistance. But between 1,0-1,4

mis resistance increase more than another.

• Between the loaded and lightship draft resistance difference at 1,4 mis for all

kind of model around 5 N.

• When looking.the all lightship draft, 2-lFlA-3 is a more resistance at 1.5 ın/s.

And

5-lFlA-4 is lower resistance at same speed. Lightship draft for all type shown

to us

5- lFlA-4 is best model.

• Loaded drafts for all kind of model also shown to us 2-lFlA-3 have more

resistance at 1.5 mis. But here another type of model is some resistance at all

points.

• The first one (2-lFIA-3) is made suddenly changing the resistance value. This

is not acceptable.
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CHAPTER3

Resistance and Power Calculation by using 2-D Method

Three different fishing vessel models were tested and by using this value, ship

resistance and power is finding in this chapter.

3.1 Froude's 2-D Approach

Froude assumed the total ship hull resistance as;

Total ship hull resistance= Skin frictiondrag+ the rest (i.e, residuary resistance)

In terms of coefficients expressed as;

where, Cr is the total resistance coefficient, CF is the frictional resistance coefficient

and

CR is, the residuary resistance coefficient.
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Froude found that;

(cR ls :::: (cR )m at corresponding speed or at the same Froude number, (Fn )s = (Fn )m

Hence;

where subscript 'm' and 's' indicates 'model' and 'ship'.

In this equation (Cr )m can be obtained from model test whereas (CF )m and (CF >scan

be calculated by using ITTC-57 model-ship correlation line as;

(c ) = 0.015 (c ) = 0.015
F Ill (logıo(Rn)m-ır F s (logıo(Rn)s -ır

'

The total resistance of the ship, (Rrt is given. by;

Following this, the effective power, (PE t calculate as follows;
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Full-scale power predictions by using 2-D approach were carried out for both lightship

and loaded draft for three different model....

In first section includes the calculationsof tests results Table 3.1, 3.2 and 3.3.

And those calculation result given Figure 3.1, 3.2 and 3.3.
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Table 3.1 Tabulııted.Data rorPowerPıııdic:tion by 2-D>qıproacb, 2-IFJA-3
Liglıtılıipl)nıft

(V)..(m's) (RT).. (N) (Rn\,,,ıo' (CT}n (CF),, (CR),, (V),(m's) (Fn), IRn),ıo' (CF), (CR), (Cf), (RT), (N) PE(kW)

0,2894 0,3148 0,3894 0,0072 0,0058 0,0014 1,5849 0,<1770 57,6198 0,0023 0,0014 0,0036 4,4076 6,9857

0,3957 0,5737 ~ 0,5325 0,0070 0,0054 0,0016 2,1671 0,1053 711,71148 0,0022 0,0016 0,0038 8,5437 l&,5154

0,4482 0,8138 0,6032 0,0077 0,0052 0,0025 2,4550 0,1193 89,2517 0,0021 0,0025 0,0046 13,4490 33,0177

0,5018 0,9540 0,6753 0,0072 0,0051 0,0021 2,7482 0,1335 99,9096 0,0021 0,0021 0,0042 15,3900 42,2950

O,S641 1,2031 0,7592 0,0072 0,0050 0,0022 3,~7 0,1501 112,3257 0,0020 0,0022 0,0043 19,8285 61,2647

0,6041 1,3262 0,8129 0,0069 0;0049 0,0020 3,3086 0,1607 120,:ım 0,0020 0,0020 0,0041 21,5517 71,3063

0,7057 1,8422 0,9497 0,0071 0,0047 0,0023 3,8654 0,1878 140,5232 0,0020 0,0023 0,0043 31,1790 120,5183

0,8093 2,4984 1.~ı 0,0073 0,0046 0,0027 4,4326 0,2153 161,1443 0,0019 0,0027 0,0046 44,0639 195,3173

0,9093 3,3910 1.2238 0,0078 0,0045 0,0033 4,9807 0,2419 181,0698 0,0019 0,0033 0,0053 63,1781 314,6696

1,0076 4,7834 1,3560 0,0090 0,0044 0,0046 5,5189 0,2681 200,6357 0,0019 0,0046 o.coss 95,7858 528,6299

1,1080 6,4801 1,4911 0,0101 0,0043 0,0058 6,0686 0,2948 220,6203 0,0019 0,0058 0,0<176 136,2351 826,7550

1,2059 10,5240 1,6229 0,0138 0,0042 0,0096 6,6050 0,3208 240,1211 0,0018 0,0096 0,0114 241,SOJJ 1595,1284

1,3133 16,8036 1,7675 0,0186 0,0042 0,0145 7,1935 0,3494 261,5152 0,0018 0,0145 0,0163 4<17,6134 2932,1602

1,4155 20,2439 1,9050 0,0193 0,0041 0,0152 7,7531 0,3766 281,8587 0,0018 0,0152 0,0170 494,8845 3836,8748

1,5113 23,2813 2,(839 0,0195 0,0040 0,0154 i,2778 0,4021 300,9360 0,0018 0,0154 0,0172 571,0710 4727,2287

l-*dDraft

(V)..(m's) (RT)-(N) fRn)mıo' (CT)- (CF},o (CR),, (V),(m's) (Fıı), fRn\.ıo' (CF), (CR), (CT), (RT), (N) PE(kW)

0,2952 0,5239 0,4027 0,0104 0,0058 0,0046 1,6166 0,<1780 59,5874 0,0022 0,0046 0,0069 9,6133 15,5411

0,3481 0,6465 0,4750 0,0092 0,0055 0,0037 1,9067 0,0920 70,2816 0,0022 0,0037 0,0059 11,4188 21,7728

0,4011 0,9151 0,5473 0,0098 0,0054 0,0045 2,1968 0,1060 &0,9725 0,0021 0,0045 0,0066 17,0843 37,5:ıtıl

0,4535 1,1744 0,6188 0,0099 0,0052 0,0047 2,4841 0,1198 91,5633 0,0021 0,0047 0,0068 22,3343 55,4812

0,5042 1,4007 0,6880 0,0095 0,0051 0,0044 2,7619 0,1332 101,8008 0,0021 0,0044 0,0065 26,5688 73,3796

0,6036 1,9177 O,SZ36 0,0091 0,0049 0,0042 3,3060 0,1595 121,8589 0,0020 0,0042 O,OOS2 36,4553 120,5231

0,7061 2,7398 0,9635 0,0095 0,0047 0,0048 3,8675 0,1866 142,5553 0,0020 0,0048 0,0068 54,0601 209,0797

0,8048 3,6152 l,0982 0,0097 0,0046 0,0051 4,4083 0,2127 162,4858 0,0019 0,0051 0,0070 72,7757 320,8144

0,9045 5,1295 1,2342 0,0109 0,0045 O,OOS4 4,9544 0,2390 182,6166 0,0019 O,OOS4 0,0083 lal,6116 538,1068

1,0077 6,9049 1,3749 0,0118 0,0044 0,0074 5,5192 0,2663 203,4332 0,0019 0,0074 0,0093 150,9242 832,9764

1,1042 8,1489 1,5066 0,0116 0,0043 0,0<173 6,0479 0,2918 222,9203 0,0019 0,0073 0,0091 178,4390 1<179,1737

1,2068 13,2278 1,6466 0,0157 0,0042 0,0115 6,6099 0,3189 243,6356 0,0018 O,OIIS 0,0133 311,3527 2058,0001

1,3071 21,6552 1,7835 0,0219 0,0041 0,01'78 7,1$93 0,3454 263,8879 0,0018 0,0178 0,0196 536,8084 3843,1799

1,4111 27,5063 1,9254 0,0239 0,0041 0,0198 7,7288 0,3729 284,8792 0,0018 0,0198 0,0216 689,9835 5332,7531

1,5129 29,4284 2,0644 0,0223 0,0040 0,0182 8,2866 0,3998 305,4391! 0,0018 0,0182 0,0200 733,8(jl)2 6()11,2973
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Table 3,2 Tabuwkd Data for Power Prediction by 2-0 Approach, 2-lFIA-4.. ~ liırMıl!ıtDnıft
Nlmimlsl (RT),, <Nl ,.,_, "' ,crı.. ((Fl.. .{(ll~ (V).(ıt>'ı) /Frtl. rr,.-:..• (IV,. (CRı. ıcrı. rRnoo PE/kW)

0,5055 0,8747 0,6992 0,0071 0,0051 0,0020 2,7687 0,1327 103,4519 0,0021 0,0020 0,0041 14,0121 3&,7959

0,8}57 1,2640 0,8378 0,0072 0,0049 0,0023 3,3174 0,1590 123,9526 0,0020 0,0023 0,0043 21,0716 69,9031

0,7069 l,7513 0,9777 0,0073 0,0047 0,0026 3,8718 0,1855 144,6659 0,0020 0,0026 0,0045 30,3146 117,3709

O,B090 2,6526 1,1190 0,0084 0,0046 0,0038 4,4313 0,2123 165,5722 0,0019 0,0038 0,0058 50,5122 223,8344

0,0090 3,3126 1,2.573 0,0083 0,0045 0,0039 4,9788 0,2386 186,0289 0,0019 0,0039 0,0058 63,6628 316,9633

1,0138 4,2142 1,4022 0,0085 0,0044 0,0041 5,5521 0,2661 201,4no 0,0019 0,0041 0,0050 82,7910 459,7141

l,lH4 7,3827 1,5372 0,0124 0,0043 0,001!1 6,0871 0,2917 227,4412 0,0019 0,0081 0,0100 164,7642 1002,9404

1,2127 11,6537 1,6773 0,0164 0,0042 0,0122 6,6421 0,3183 248,1776 0,0018 0,0122 0,0141 276,6597 1837,6027

1)144 15,1.490 1,8181 0,0182 0,0041 0;0141 7,1994 0,3450 269,0019 0,0018 0,0141 0,0159 366,5857 2639,2091!

1,4159 17,63611 l,9585 0,0183 0,0041 0,0142 7,7SS3 0,3716 2B<J,m1 0,0018 0,0142 0,0160 428,1667 3320,5647

l,S225 20.5235 210S9 0,0184 0,0040 0,0144 8,3391 03996 311,5851 0,0018 0,0144 0,0161 499,9952 4169,5166

LNdoılDnıft
IV\.(mls) IIIT'- (N) (lln\..m6 ıcrı., ıaı.. ((ll\. (V\.(m's) tFnı. =-' ~:· icri.. ((ll). ·,crı. IR'l'\. <Nl PElk.W\

0,5033 1,0770 0,1055 0,0079 0,0051 0,0028 2,7566 0,1312 104)886 0,0021 0,0028 0,0049 18,5396 51,1053

0,(,()54 1,6009 0,8487 0,0081 0,0049 0,0032 3,3159 0,1578 125,5710 0,0020 0,0032 0,0053 28,8294 95,5956

0,7094 2,1802 0,9945 0,0080 0,0047 0,0033 3,8855 0,1849 147,1417 0,0020 0,0033 0,0053 39,9969 155,4(1!9

O,QO 3,1235 1,1327 0,0089 0,0046 0,0043 4,4256 0,2106 !67,5956 0,0019 0,0043 0,0063 6Q,9900 WJ,9'238

0,9112 4,2951 1,2774 0,0096 0,0044 0,0052 4,9910 0,2375 189,0041 0,0019 0,0052 0,0071 87,5491 436,9549

1,0110 S,4750 1,4172 0,0099 0,0044 0,0056 5,5373 0,2635 2~.6935 0,0019 0,0056 0,0075 114,0343 631,4426

1,1108 8,3617 1,5572 0,0126 0,0043 0,0083 6,<*3 0,2896 230,4075 0,0019 0,0083 0,0102 187)653 ll39,98S8

1,2140 13,0815 l,'l019 0,0165 0,0042 0,0123 6,6495 0,3165 251,8132 0,0018 0,0123 0,0141 310,8076 2066,72911

1,3136 18,6243 1,8415 0,0200 0,0041 0,0159 7,1948 0,3424 272,4601 0,0018 0,0159 0,0177 456,8667 3287,0473

1,4179 23,0785 1,9876 0,0213 0,0041 0,0173 7,7659 0,3696 294,0884 0,0018 0,0173 0,0190 571,8928 4441,2582

15195 24,3324 2,1301 0,0196 00040 0,0156 8,3226 03961 315,l'lOO 0,0018 00156 0,0173 5'179230 4976,2678
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l lDIC ..t.J ı aDuwea .uaıa loı-r-ewer ~ııaKJn dVq,,ı..,n.pyn•~u., ~~ u:uıı.-.

1 io,lıtılıiaDnft
/Vl..lm's) (RTı.,INl (l>•L.o• (Cfl.. (Cf),,, (CR\o rvı.rın's) '""'- /Rn).,.• /(TI. ICRJ. /CT). ıırrı.oo PE(kW)

0,29'.ll 0,3372 0,4273 0,0081 0,0057 0,0024 1,6052 0,0749 63,2\n 0,0022 0,0024 0,0046 5,3549 8,5956

0,3466 0,4094 0,5054 0,0070 0,0055 0,0016 l,1!986 O,<m6 74,7755 0,0022 0,0016 0,0037 6,0309 ll,4S01

0,4022 0,5356 ~o,Sll63 0;0068 0,0053 0,0015 2,2028 0,1028 86,7545 0,0021 0,0015 0,0037 7,'RlJ 17,6054

0,4515 0,6501 0,6583 0,0066 0,0051 0,0014 2,4732 0,1154 97,4046 0,0021 0,0014 0,0035 9,6598 23,8906

0,5063 0,8248 0,7382 0,0066 0,0050 0,0016 2,ID3 0,1294 109,2247 0,0021 0,0016 0,0037 12,6861 35,1827

0,5557 1,0309 0,8102 0,0069 0,0049 0,0020 3,0436 0,1.420 119,8707 0,0020 0,0020 0,0040 16,6344 50,6291)

0,6086 l,2634 0,8873 0,0070 0,0048 0,0022 3,3334 0,1556 131,2827 0,0020 0,0022 0,0042 21,0556 70,1868

0,6566 1,5274 0,9572 0,0073 0,0047 0,0026 3,5961 0,1678 141,6305 0,0020 0,0026 0,0046 26,4253 95,0291

0,7090 1,7538 1,0337 0,0072 0,0047 0,0025 3,8834 0,1812 152,9426 0,0020 0,0025 0,0045 30,4408 118,2129

0,*199 2,7990 l,1808 0,0088 0,0045 0,0043 4,4360 0,2070 174,7<117 0,0019 0,0043 0,0062 54,7294 242,7814

0,9127 3,7681 1,3307 0,0093 0,0044 0,0049 4,9993 0,2333 196,8909 0;0019 0,0049 0,0068 76,3419 381,6Sl2

1,0122 4,6041 ıı,4757 0,0093 0,0043 0,0049 5,5439 0,2587 218,3426 0,0019 0,0049 0,0068 93,9912 521,0820

1,0628 5,5114 1,5495 0,0101 0,0043 0,0058 5,8212 O,z717 Zl9,2606 0,0019 0,0058 0,0076 116,1809 676,3079

1,1138 7,1972 1,6239 0,0120 0,0042 0,0077 6,1006 0,2847 240,2647 0,0018 0,0077 0,0096 159,8423 975,1287

1,1623 9,2063 1,6946 0,0140 0,0042 0,0098 6,3663 0,2971 250,7286 0,0018 0,0098 0,0117 212,5308 1353,0Z51

1,2132 11,0071 1,7688 0,0154 0,0042 0,0113 6,6451 0,3101 261,7102 0,0018 0,0113 0,0131 259,1173 1722,2564

1,3152 14,1466 1,9175 0,0169 0,0041 0,0128 7,'}JJJ7 0,3362 283,7<XIB 0,0018 0,0128 0,0146 339,3174 2444,3262

1,4179 16,7941 2,0672 0,0172 0,0040 0,0132 7,7660 0,3624 305,8574 0,0018 0,0132 0,0150 40S,3266 3147,1790

1,5191 19,8735 2,2147 0,0177 00040 0,0138 83203 03883 3Z7,6881 0,0018 00138 0,0155 483,0171 4018,8649

ı.-ıı.tllraft
Nlm/m's) <Rnn (N) tR••••• • (CT\n (Cf\n ıaı.ı.. IV\./m's\ (Fol. m-, ,.• /CFl. /CR), /CT). iRTl. iNı PE(kW)

0,2941. 0,4052 0,41.77 0,0086 0,0057 0,0029 1,6107 0,0762 61,8092 0,0022 0,0029 0,0052 6,7102 10,8081

0,3495 0,5336 0,41165 0,0081 0,0055 0,0026 1,9144 0,0905 73,4622 0,0022 0,0026 0,0047 8,7225 16,69M

0,4000 0,6581 0,56&3 0,0076 0,0053 0,0023 2,1910 0,1036 84,0790 0,0021 0,0023 0,0044 10,5978 23,2201

0,4535 0,8774 0,6442 0,0079 0,0052 0,0027 2,4839 0,1174 95,3182 0,0021 0,0027 0,0048 14,8429 36,8685

0,5045 1,1450 0,7166 0,0083 0,0050 0,0033 2,7631 0,1306 106,0308 0,0021 0,0033 0,0053 20,3621 56,2620

0,5571 1,3964 0,7915 0,0083 0,0049 0,0034 3,0516 0,1443 117,1029 0,0020 0,0034 0,0054 25,2124 76,9383

0,6057 1,6394 0,8605 0,0082 0,0048 0,0034 3,3178 0,1569 IZ7,3185 0,0020 0,0034 0,0054 29,8582 99,0640

0,6592 1,9534 0,9365 0,0083 0,0048 0,0035 3,6107 0,1707 138,5580 0,0020 0,0035 0,0055 36,1142 130,3981

0,'1092 2,2675 1,0075 0;0083 0,0047 0,0036 3,8845 0,1837 14!1,0653 0,0020 0,0036 0,0056 42,3986 164,6985

0,8081 3,1214 1,1430 0,0088 0,0046 0,0043 4,4264 0,:1D93 169,8586 0,0019 0,0043 0,0062 60,8942 269,5409

0,9107 4,2176 1,2937 0,0095 0,0044 0,0051 4,9880 0,2358 191,411.3 0,0019 0,0051 0,0070 87,0613 434,2643

1,0076 5,2771 1,4314 0,0096 0,0043 0,0052 5,5190 0,2609 211,7861 0,0019 0,0052 0,0071 108,7261 600,0571

1,0620 6,1217 1,5086 0,0100 0,0043 0,0057 5,8166 O,Z7S0 223,2073 0,0019 0,0057 0,0076 128,7280 748,7600

1,1090 7/~57 1,5754 0,0115 0,0043 0,0072 6,0743 0,2872 233,0973 0,0018 0,0072 0,0091 168,1700 1021,5204

1,1619 9,9719 1,6505 0,0136 0,0042 0,0094 6,3640 0,3009 244,2114 0,0018 0,0094 0,0112 228,4067 145),5698

l,2J38 12,8857 1,7243 0,0161 0,0042 0,0120 6,6483 0,3143 255,1237 0,0018 0,0120 0,0138 305,4437 2030,6881

1,3119 17,6516 1,8636 0,0189 0,0041 0,0148 7,1853 0,3397 275,7301 0,0018 0,0148 0,0166 430,1405 3090,6927

1,4140 22,9810 2,0086 0,0212 0,0041 0,0171 7,7446 0,3662 297,1914 0,0018 0,0171 0,0189 5@,6925 4412,0244

15183 23 7475 2,1569 00190 0,0040 00150 8,3163 03932 319 1316 00018 00150 0,0168 581,9590 48397560
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Figure 3.1 Effective Power by 2-D Approach fur 2-lFIA-3

8000 

7000 

6000 

~ 5000 
~ 4000 
lf 3000 

2000 

1000 

o
o

Lightship 2-lFlA-3
Loaded 2-lFlA-3
--------·--

2 4 6 8 10 12 14 16 18 

Speed[Knots]

Figure 3.2 Effective Power by 2-D Approach fur 2-lFlA-4
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Figure 3.3 Effective Power by 2-D Approach for 5--IFIA-4
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Figure 3.4 Effective Power for Short Hull Combinations at Lightship Draft
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Figure 3.5 Effective Power for Short Hull Combinations at Loaded Draft
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3.2 PRESENT ATI ON OF RESUL TS

I,.

• The first ship type (2-lFIA-3) is the worst resistance characteristics for the loaded

condition. The introduction of the new stern displays a reduction in resistance at

most speeds, particularly after the13 knots region. The new bow also shows some

useful benefits.

• The above trend is similar for the lightship condition although the original hull

displays marginally better resistance characteristics around 11-13 knots. However

the effectivenessofthe new stem after 13 about knots is clear.

• The same trend can be seen for the lengthened hull form combinations. The new

stem displays a reduction in resistance at most speeds, particularly after the13 knots

region.

• Similar trend can be seen for the full scale resistance curves. The new stern reduces

the required power significantly.
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CHAPTER4

Resistance and Power Calculation by using 2-D Method

The 3-D methods give to us best results for findingthe power efficiency.Difference

between 2-D and 3-D is added here form factor (1+k). The results are compared for

three different fishingvessels for two loading conditions and presented.

4.1 Form Factor (3·D) Approach

Hughes proposed that

Total ship hull resistance= Viscous resistance+ the rest (i.e. residuary resistance)

In terms of coefficients;

Cr =C; +Cw
=CF +CFD +Cw

He further assumed that

Cr =CF +kCF +Cw
=(l+k)CF +Cw

where R; is the wave resistance, C, is the viscous resistance coefficient, Cw is the wave

resistance coefficient, CFD is the form drag coefficient and (1 + k) is the form factor.

At corresponding speed or at the same Froude number, (Fn)s =(Fn)111
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.,.,

Assuming that (1 + k)s = (1 + k)m = (1 + k)

Hence

This equation is similar to the expression derived in Froude's 2-D approach, except the

additional (l+k), the form factor term. The form factor can be obtained by performing

model tests at slow speed.

Since (cw )m = o and (Cr )m = (1 + k)(CF )m

Form factor (1 +k) was found for both lightship and loaded draft by Prohaska method

based on low-speed resistance tests. The results are given on (Table. 1 .3)

Table l .3 Form Factor of all Model Combinations

l+k l+k

Model I Lightship Draft Loaded Draft

2-lFlA-3 I 1,32 1,77

2-lFlA-4 I 1,32 1,77

5-IFlA-4 I 1,29 1,48

Full-scale power predictions by using form factor (3-D) approach were carried out for

both lightship and loaded draft for all model combinations.
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In these calculation, Froude number and Reynolds number for model and ship,

vm(Fn)rn = (Fnls =~JgLm

V ) - LSVS) l.; m (Rn s -(Rn m =r., r,

Total resistance for model and ship

ıc) _ (Rr)m ıc) _ (Rrls
\: T m - .l S V 2 '\: T s - 1.. S vı

2 Pm ,n m 2 p, s s

where

Lm , Ls : model and ship length at waterline, (m)

V111, ~: model and ship speed, (mis)

(s)m, (s)s: wetted surface area of model and ship, (m2)

Pm, Ps: density oftowing tank water at test temperature and seawater temperature

(15 C0 is assumed as standard temperature), (kg/m')

r,,,, Ys: kinematic viscosityoftowing tank water at test temperature and

seawater temperature, (m2/s)

Table 4.2, 4.3, and 4.4 are shown the results of power calculation.

Figure 4.1, 4.2, and 4.3 are compared of those result between loaded and lightshipdraft.

Figure 4.4, and 4.5. are shown the all type of ship on lightshipcondition and loaded

condition respectively.
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Table 4.2 Tabulated Data for Pow ... by2,.' .ch,2
Lightship Draft

(V)m(m's) (RT)m (N) /Rn\..,06 (CT)m (CF)m (V),(mls) (Fn), /Rn\106 (CF), (CT), (RT), (N) PE(kW)
0,2894 0,3148 ' 0,3894 0,0072 0,0058 1,5849 0,0770 57,6198 0,0023 0,0025 3,0240 4,7929
0,3957 0,5737 - 0,5325- • 0,0070 0,0054 2,1671 0,1053 78,7848 0,0022 0,0027 6,1851 13,4039
0,4482 0,8138 0,6032 0,0017 0,0052 2,4550 0,1193 89,2517 0,0021 0,0036 IO,S289 25,8488
0,5018 0,.9540 0,6753 0,0072 0,0051 2,7482 0,1335 CŞ),9(1)6 0,0021 0,0032 11,8466 32,5569
0,5641 1,2031 0,1m 0,0072 0,0050 3,0897 0,1.SOI 112,3257 0,0020 0,0034 15,4949 47,8753
0,60tl 1,3262 0,8129 0,0069 0,0049 3,3086 O,l(ı()7 120,2828 0,0020 0,0031 16,6765 55,1760
0,7057 1,8422 0,9497 0,0071 0,0047 3,8654 0,1878 14o,5232 0,0020 0,0034 24,8045 95,8785
0,809"3 2,4984 1,0891 0,0073 0,0046 4,4326 0,2153 161,1443 0,0019 0,0038 35,9879 159,5193
0,909.3 3,3910 1,2238 0,0078 0,0045 4,9807 0,2419 181,0698 0,0019 0,0044 53,2959 265,4496
1,0076 4,7834 l,3560 0,0090 0,0044 5,5189 0,2681 Z00,6357 0,0019 0,0057 83,9193 463,4713
1,1080 6,4801 l,49ll 0,0101 0,0043 6,0686 0,2948 220,6203 0,0019 0,0069 122,3123 742,2634
1,2059 10,5240 1,6229 0,01.38 0,0042 6,6050 0,3208 240,1211 0,0018 0,0107 225,3716 1488,5790
1,3133 16,8036 1,7675 0,0186 0,0042 7,1935 0,3494 261,5152 0,0018 0,0155 388,8981 2797,5322
1,4155 20,2439 1,9050 0,0193 0,0041 7,753) 0,3766 281,8587 0,0018 0,0163 473,5596 3671,5415
1,5113 23,2813 2,0339 0,0195 o,ooıo 8,2778 0,4021 300,9300 0,0018 0,0165 547,1658 4529,3451

Loaded Draft .
(V)m(m's) (RT)m (N) /Rn'ımıo6 (CT)m (CF)n (V),(m/s) (Fn), <Rn\106 (CF), {CT), (RT), (N) PE(kW)

0;2952 0,5239 0,4027 0,0104 0,0058 1,6166 0,0780 59,5874 0,0022 0,0042 5,8282 9,4220
0,3481 0,6465 0,4750 0,0092 0,0055 1,9067 0,0920 70,2816 0,0022 0,0033 6,4043 U,2115
0,4011 0,9151 0,5473 0,0098 0,0054 2,1968 0,1060 80,9725 0,0021 0,0042 10,6974 23,5000
0,4535 1,1744 0,6188 O,()()CŞ) 0,0052 2,4841 0,1198 91,5633 0,0021 0,0044 14,450') 35,8979
0,5042 1,4007 0,6880 0,()(1)5 0,0051 2,7619 0,1332 101,8008 0,0021 0,0042 17,1132 47,2644
0,6036 1,9177 0,8236 0,0091 0,0049 3,3060 0,1595 121,8589 0,0020 O,OOIO 23,5723 77,9311
0,7061 2,7398 0,9635 0,()(1)5 0,0047 3,8675 0,1866 142,5553 0,0020 0,0047 37,1752 143,7768
0,8048 3,6152 1,0982 0,0097 0,0046 4,Mfil 0,2127 162,4858 0,0019 0,0050 51,fı060 227,4926
0,9045 5,1295 1,2342 0,01()1) 0,0045 4,9544 0,2390 182,6166 0,0019 0,0063 ırı.,6972 409,7163
.l,0077 6,9049 1,3749 ' 0,0118 0,0044 5,5192 0,2663 203,4332 0,0019 0,0074 119,6746 660,5047
1,1042 8,1489 1,5066 0,0116 0,0043 6,0479 0,2918 222,9203 0,0019 0,0073 141,8088 857,6397
1,2068 13,2278 1,6466 0,0157 0,0042 6,6099 0,3189 243,6356 0,0018 0,0115 268,6020 1775,4236
1,3071 21,6552 1,7835 0,0219 0,0041 7,1593 0,3454 263,8879 0,0018 0,0178 487,6820 3491,4689
1,4111 27,5063 1,9254 0;0239 0,0041 7,7288 0,3729 284,8792 0,0018 0,019') 633,8471 4898,8858
1,5129 29,4284 2,0644 0,0223 0,0040 8,2866 0,3998 305,4398 0,0018 0,0183 670,4768 5555,9880
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Table 4.3 Tabulated Data fur Power Prediction by 2·0 Approadı,2-IFlA-4

.._
'

Lightship Draft
(V)m(m's) (RT)m(N) rRn\nı} (CT)m (CF}m (V), (m's) (Fn), rRn\.106 (CF), (CT), (RT), (N) PE(kW)

0;5055 0,8747 0,6992 0,0071 0,0051 2,761r7 0,1327 103,4519 0,0021 0,0031 10,7335 29,7182
0,6057 1,2640 0,8378 0,0072 0,0049 3,3174 0,1590 123,9526 0,0020 0,0034 16,5969 SS,0587

0,7069 1,7513 0,9777 0,0073 0,0047 3,8718 0,1855 144,6659 0,0020 0,0037 24,4731 94,7542

0,000 2,6526 1,1190 0,0084 0,0046 4,4313 0,2123 165,5722 0,0019 0,0049 43,1356 191,1465

0,9090 3,3126 1,2573 0,0083 0,0045 4,9788 0,2386 186,0289 0,0019 0,0049 54,6371 272,0266

1,0138 4,2142 1,4022 0,0085 0,0044 5,5527 0,2661 207,4730 0,0019 0,0052 71,8849 399,1557

l,lll4 7,3827 1,5372 0,0124 0,0043 6,0871 0,2917 227,4412 0,0019 0,0092 151,9705 925,0636

1,2127 11,6537 1,6773 0,0164 0,0042 6,6421 0,3183 248,1776 0,0018 0,0133 261,7693 1738,6994

1,3144 15,1490 1,8181 0,0182 0,0041 7,1994 0,3450 269,0019 0,0018 0,0151 349,4525 2515,8(,()(i

1,4159 17,6368 1,9585 0,0183 0,0041 7,7553 0,3716 289,7717 0,0018 0,0153 408,6619 3169,2989

1,5225 20,5235 2,1059 0,0184 0,0040 8,3391 0,3996 311,5851 0,0018 0,0154 477,8572 3984,9048

Loaded Dnıft

(V)n(m's) (RT)m(N) (Rn),,,,} (CT}ın (CF}ı,, (V),(m's) (Fn), /Rn\.ıo6 (CF)ı (CT)ı (RT), (N) PE(kW)

0,5033 1,0770 0,7055 0,0079 0,0051 2,75«> O,Bl2 104,3886 0,0021 0,0026 8,7824 24,2091

0,6054 1,6009 0,8487 0,0081 0,0049 3,3159 0,1578 125,5710 0,0020 0,0031 15,0671 49,9612

0,7094 2,llm 0,9945 0,00&> 0,0047 3,8855 0,1849 147,1417 0,0020 0,0032 21,6842 84,2544

0,8080 3,1235 1,1327 0,0089 0,0046 4,4256 0,2106 167,5956 0,0019 0,0042 36,9058 163,3318

0,9ll2 4,2951 1,2774 0,0096 0,0044 4,9910 0,2375 189,0041 0,0019 0,0051 56,5751 282,3646

1,0110 5,4750 1,4172 0,009') 0,0044 5,5373 0,2635 20'),6935 0,0019 0,0056 75!1725 420,6828

ı.ııos 8,3617 1,5572 0,0126 0,0043 6,0843 0,2896 230,4075 0,0019 0,0083 136,9348 833,1515

1,2140 13,0815 1,7019 0,0165 0,0042 6,6495 0,3165 251,8132 0,0018 0,0123 242,2235 1610,6767

1,3136 18,6243 1,8415 0,0200 0,0041 7,1948 0,3424 272,4(,()1 0,0018 0,0159 367,6015 2644.,8054

1,4179 23,0785 1,9876 0,0213 O,OOU 7,7659 0,3696 294,0884 0,0018 0,0173 464,6393 3608,3396

1,5195 24,3324 2,1301 0,0196 0,0040 8,3226 0,3961 315,1700 0,0018 0,0156 481,9010 4010,6645
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Table 4.4 Tabulate<! Data for PowerPl'e<liction by W Approach, 5-lFlA-4
Lighesbip Dnft

(V)n(mls) (RT)» (N) ı'R,ı\mıo6 (CT},, (CF)m (V).(m's) (Fn), £Rn\.ıo 6 (O'), (CT), (RT), (N) PE(kW)

0,2931 0,3372 0,4273 0,0081 0,0057 1,6052 0,0749 63,2177 0,0022 0,0036 4,1941 6,7322

0,3466 0,4004 0,5054 0,0070 0,0055 1,8986 0.,0886 74,7755 0.,0022 0,0028 4,4i50 8,5154

0,4022 0,5356 0,5863 0,0068 0,0053 2,2028 0,1028 86,7545 0,0021 0,0028 5,99')1 13,2148

0,4515 0,6501 0,6583 0,0066 0,0051 2,4732 0,1154 "11,4046 0,0021 o,ooıc, 7,22'l8 17,8785

0,5063 0,8248 0,7382 0,0066 0,0050 2,7733 0,1294 109,2247 0,0021 0,0028 9,7267 26,9754

0,5557 1,0309 0,8102 0,0069 0,0049 3,0436 0,1420 119,8707 0,0020 0,0032 13,1614 40,0586

0,6086 1,2634 0,8873 0,0070 0.,0048 3,3334 0.,1556 131,2827 0,0020 0,0034 16,9935 56,6462

0,6566 1,5274 0,9572 0,0073 0,0047 3,5961 0,1678 141,6305 0,0020 0,0038 21,7951 78,3782

0,7090 1.7538 1,0337 0,0072 0,0047 3,8834 0,1812 152,9426 0,0020 0,0037 25,1534 'T/,6799

0,8099 2,NXJ 1.1~ 0,0088 0,0045 4,4360 0,2070 174,7087 0,0019 0,0054 48,0733 ;213,2549

0,9127 3,7681 1,3307 0,0093 0,0044 4,9993 0,2333 196,8909 0,0019 0,0061 68,1536 340,7178

1,0122 4,6041 1,4757 0,0093 0,0043 5,5439 0,2587 218,3426 0,0019 0,0061 84,1926 466,7591

1,0623 5,5114 1,5495 0,0101 0,0043 5,8212 0,2717 229,2606 0,0019 0,0069 105,5152 614,2209

1,ll38 7,l'T/2 1,6239 0,0120 0,0042 6,1006 0,2847 240,2647 0,0018 0,0089 148,2706 904,5345

1,1623 9,2063 1,6946 0,0140 0,0042 6,3663 0,2971 250,7286 0,0018 0,0110 200,0681 1273,6845

1,2132 11,0071 1,7688 0,0154 0,0042 6,6451 0,3101 261,7102 0,0018 0,0124 245,7487 1633,0226

1,3152 14,1466 1;)175 0,0169 0,0041 7,2037 0,3362 283,7088 0,0018 0,01.39 323,8609 2332,9834

1,4179 16,794] 2,0672 0,0172 0,0010 7,7(RJ 0,3624 305,8574 0,0018 0,0143 387,7046 3010,9260

1,5191 19,8735 2,2147 0,0177 0,0040 8,3203 0,3883 327,6881 0,0018 0,0149 463,1409 3853,4883

Loaded Draft

(V)n(mis) (.RT)m (N) ı'Rıı\mı/ (CT)m (CF)m (V).(mls) (Fn), ı'Rn\.ı/ (CF), (CT), (RT), (N) PE(kW)

0,2941 0,4052 0,4177 0,0086 0,0057 ı 1,6107 0,0762 61,8092 0,0022 0,0035 4,0591 6,5379

0,3495 0,5336 0,4965 0,0081 0,0055 , 1,9144 0,0905 73,4622 0,0022 0,0032 5,1934 9,9420

0,4000 0,6581 0,5683 0,0076 0,0053 2,1910 0,1036 84,0790 0,0021 0,0029 6,1933 13,S697

0,4535 0,8774 0,6442 0,0079 0,0052 2,4839 0,1174 95,3182 0,0021 0,0033 9,2034 22,8605

0,5045 1,1450 0,7166 0,0083 0,0050 2,7631 0,1306 106,0308 0,0021 0,0039 13,3246 36,&170

0,5571 1,3964 0,7915 0,0083 0,0049 3,0516 0,1443 117,1029 0,0020 0,0040 16,7532 51,1241

0,6057 1,6394 0,8605 0,0082 0,0048 3,3178 0,1569 127,3185 0,0020 0,0040 20,0108 66,3921

0,6592 1,9534 0,9365 0,0083 0,0048 3,6107 0,1707 l38,55lll 0,0020 0,0042 24,5558 88,6640

0,70'12 2,2675 1,0075 0,0083 0,0047 3,8845 0,1837 149,0653 0,0020 0,0043 29,1358 113,1787

0,80SI 3,1214 l,l<UK> 0,0088 0,0046 4,4264 0,2193 169,8586 0,0019 0,0049 43,4584 192,3632

0,9107 4,2776 l,2937 0,0095 0,0044 4,9880 0,2358 191,4113 0,0019 0,0058 64,3410 320,9347

1,0076 5,2771 1,4314 0,0096 0,0043 5,5190 0,2609 211,7861 0,0019 0,0059 81,1263 447,7345

1,0620 6,1277 1,5086 0;0100 0,0043 5,8166 0,2750 223,2073 0,0019 0,0064 97,4835 567,0232

1,1090 7,6657 1,5754 0,0115 0,0043 6,0743 0,2872 233,0')73 0,0018 0,0079 131,4014 798,1756

1,1619 9,9719 1,6505 0,0136 0,0042 6,3640 0,3009 244,2114 0,0018 0,0101 18;1,7082 ll69,ll10

1,2138 12,8857 1,7243 0,0161 0,0042 6,6483 0,3143 255,1237 0,0018 0,0127 251,0288 1668,9201

1,3119 17,6516 1,8636 0,0189 0,0041 7,1853 0,33'T/ 275,7301 0,0018 0,0155 359,4089 2582,4644

1,4140 22,9810 2,0086 0,0212 0,0041 7,7446 0,3662 297,1914 0,0018 0,01'79 480,7518 3723,2168

1,5183 23,7475 2,1569 0,0190 0,0040 8,3163 0,3932 319,1316 0,0018 0,0157 487,8644 4057,23'3
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Figure 4.1 Eflective Power by 2-D Approach for2-1FtA-3
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Figure4.2EffectivePowerby 2-DApproach fur 2·IFIA-4
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Figure4.3 EffectivePowerby 2-DApproach for S-lFlA-4

-¢-Lightship 5-lFlA-4
-+- Loaded 5-lFlA-4

8000 

7000 

6000 

5000 

~ 4000 
u:ıı,.. 3000 

2000 

1000 

o
o 2 4 6 8 10 12 14 16 18 

Speed [Knots]

37



Figure 4.4 F.ffcctivePowerfor Short HullCombinationsat LightshipDraft
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Figure4.S FffectivePowerfor Short HullCombinationsat Loaded Draft
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4.2 PRESENT ATI ON OF RESUL TS

•· In Figure 4.4 and 4.5 are shown to us first type of ship (2-IFlA-3) has best power

• All type of ship has same trend until the 12 knots and generally Then (2-lFlA-4

and
5-lFIA-4) has similartrend but another has more power at same speed.

• When compared the lightship and loaded draft, they have same different, so here

can understanding when weight is increasing the power also increasing.

• Speed is the same for all kind of but those three different ships behave different

conditions. This different conditions are depends the shape of they.
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CONCLUSION

This project's aim is the choosing best ship. Same factor is depends of the effective ship

design. These are choosing the ship, material factor, types of fuel etc. But another

important thing for ship is the shape of hull surface and lower resistance on the surface

and best power efficiency.

Throughout this project the resistance and effective power were analyzed by introducing

classificationof resistance in the first chapter. This classification is important to find the

total hull resistance. In the second chapter model of ship prepared and tested by a

constant speed. End of the test, the resistance value of the ship shown on the recorder.

Model test is important for making the ship analyses. In the third chapter, calculated the

resistance and power of ship by using 2~D method, and choosing best ship type. It

depends of the resistance and power values. In fourth chapter is also calculated

resistance and power of ship. But here used the 3~D method for findingexact value.
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APPENDIX-A

PHOTOGRAPHS OF MODEL COMBINATIONS



From Bow

From Stem

Original Hull form (2-lFlA-3)



APPENDIX-B

PHOTOGRAPHS OF MODEL DURING EXPERIMENTS



Full-scale speed=8.5 l knots

Full-scale speed=l2.77 knots

Full-scale speed=l4.90 knots

Model Tests with Original Hull Form (2-lFlA-3)



Full-scale speed=8.51 knots

Full-scale speed=l2.77 knots

Full-scale speed=l4.90 knots

Model Tests with Original Hull Form with new Stem (2-lFlA-4)



Full-scale speed=8.51 knots

Full-scale speed=l2.77 knots

Full-scale speed=l4.90 knots

Model Tests with Modified Hull Form
with new Bow and new Stem (5-lFlA-4)


