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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 fishing vessels 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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Where; 

Effective Power (PE): Power required low the ship at the desired speed. 

Propulsive efficiency (110): A measure of hydrodynamics losses in entire ship propulsion 

system 

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

effective power 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 (e) 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 summed over the hull to produce a "PRESSURE RESISTANCE". 
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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-scale vessel following certain similarity criteria. 

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 

following criteria 

Shape parameters (Il.) 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 similar ships). 

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

the ship by a constant factor (1.) known as "scale factor" is given as follow; 

Where, L, B, T are 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 

5 



(Dynamics) 

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; = ~g.L 

where g is the gravitational acceleration. 

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

(R,,}m =(Rnt 

(F,,)m =(F,,t 

(Kinematics) 

Fluid viscosity ratio is defined as; 

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

and by using scaling ratio of length factor; 

6 
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Of course the violation of the kinematics condition brings about the problem of 

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. 

Full-scale Power Prediction 

The estimation of ship resistance and effective power for full...scale were carried out by two 

dimensional and three-dimensional extrapolation procedure. The details of these calculations 

are given in following sections. 

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. 



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

Therefore, C, =( ~:) 
together hull form parameters length to beam ratio, ( ~) 

length to displacement ratio, ( V~13) 

beam to drought ratio, (f) 
V 

block-coefficient, CB = , L x B ~ r' 

Mid-ship section coefficient, CM = mid - ship.area 
(BxT) 

Prismatic coefficient, C P = ( ~: ) 

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

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

Information of this kind is obtained by running a series of models in which some of the 

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

or "standard" series can be used to plot design charts which are of inestimable value to 

designer. 

related to one another in some graphical or mathematical pattern. 
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The use of standard series data basically, enables. 

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

- Selections of suitable hull form parameters through merit comparisons. 

- A standard for judging quality of hull form. 

There are so many standard series available in open literature. 

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 

valuable results if analyses statistically going 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 similar size 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 combinations of parameters. 



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

appears as; 

Cr=/( (!){:}cM,Cp,LCB.position,iE ) 

< = o.oososx[ a, +a1 x(;)+a, x(;)' + +a,. x(:)cP +a~ x(;)' C,] 
For four values of F~ the values of regression equations coefficients ao-a29 were 

evaluated on the computer from 150 trawler models. 

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 

fishing trawlers. 

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. 
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CHAPTER2 

CALM WATER RESISTANCE 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 10 or meters and conduct resistance as well as self-propulsion tests. 

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

Depends upon the speed range, the model carriages may reach to IO 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 



2.2 PREPERATION OF MODELS; 

Three different fishing vessels named as follows; 

2-lFlA-3 type fishing vessel. 

2-IFlA-4 type fishing vessel. 

5-lFlA-4 type fishing vessel. 

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 

13 
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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.2.1 and Table.2.2). 

Table 2.1 Geometric Properties ofFiihing Vessels 
Lightship Draft 

Vessel L LwL B T IJB arr 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 IJB 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 11,50 6,785 3,600 1,695 0,781 0,812 0,962 -1,785 -3,677 977,680 

Table 2.2 Geometric Propertes ofModeJs 
Lightship Draft 

Model L Lwt B T IJB 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-lFIA-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 Lwt B T IJB B!f 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-IFIA-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 of models are given from Table 2.3, 2.4 and 2.5. 



Table 2.3 Cakn Wamr Re~ Data tor 2-lFlA-3 

Temperattre 17 .8 °C Ligbmhip Draft 
Model speed (mis) Resistance (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 

Temperattre 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 

1,1042 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 Calm Water Resistaree Data ror 2-lFlA-4 

Temperatt.re 17.6 °C Lightship Draft 
Model speed (mis) Resstarce (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 

Terrperanre 17.7 "c Loaded Draft 
Model speed (mis) 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 9,7025 0,2375 
1,0llO 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 0,3961 
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