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Introduction


The estimation of resistance and the selection of an optimum set of propellers is an important component in the design spiral of a ship.  Estimation of the hull resistance through the water at various speeds will give the engineer a better realization of the effects that must be taken into account when approaching the finalization of the ship design.  Through an understanding of the resistance of the hull, a proper propeller (or set of propellers) can then be optimized for the most efficient use of the available energy on the ship.  


The estimation of the resistance of a particular hull form can be a very intensive and expensive process.  If the exact relational values of the resistance of the hull need to be determined, then a model of the hull should be built, and the resistances can be measured directly through the utilization of a towing tank.  However, this process can often be very expensive and time consuming.  For this reason, a set of methodical series data has been compiled through which the resistances of the hull can be estimated.  Hull forms are grouped according to various family characteristics, and the general hull form representing the family of hulls is then tested in a towing tank for resistance.  This methodical data can be an extremely efficient tool for the estimation of resistance of other ship hulls, provided that they fall into the general family of hulls for which data already exists.  The majority of major hull forms currently in production have a set of methodical series data by which and estimation may be made.


Once the estimation of the resulting resistance for the hull form has been determined, the process of optimization for the propeller choice can begin.  For a given speed and resistance, the propeller must be able to overcome the resistance in order to produce enough thrust to move the ship through the water.  There are various types of propeller designs, but the most commonly produced and used in industry have their various properties published, also as empirical data.  From the various available types of propellers, the process requires a consideration of the hull form and thrust required, as well as the rotational speed and size of the contender propeller form.  This is then compared with other propellers, and a choice is made for the most efficient form.

Problem


The lines plan and the hydrostatic curves for the ship under consideration in this paper are presented (see attached).  The objectives of this paper are to determine the resistance of the given hull form, and to select an optimum set of propellers for optimum performance for a single screwed ship.  The design draft of the vessel in consideration is given as 26 [ft] and the design speed is to be 15 [knots].


Resistance is to be determined for a range of speeds from 10 – 20 [knots].  The beam to draft ratio of the vehicle is given as 
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.  The overall diameter is restricted to be no larger than 19 [ft] in diameter, and the range of propeller rotation has to fall between 100 – 500 [rpm].  The propellers to consider must have either 4 or 5 blades, and the propeller geometry is to be a B series propeller.

Solution

The first step towards a solution requires the determination of the proper parameters of the ship hull to be able to determine the resistances.  From the lines drawing, and from the given hull data, the basic parameters can be determined.
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Figure 1. Lines drawing of hull under consideration
Utilizing the definition of the beam to draft coefficient, and given the draft of the hull under consideration, the beam can be determined from:
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With the draft being supplied as: T = 26 [ft], the beam can be determined as 

Beam, B = 78[ft].


From the lines drawing, the length for calculations of the hull resistance is found from the distance between the fore and aft perpendiculars at the 26 [ft] waterline.  This value has been determined as:

Length for calculation, L = 520 [ft].


From the parameters determined above, reference to the hydrostatic curves of the hull form will yield many more important parameters.  These pertinent parameters are the midship section area coefficient, the block coefficient, displacement, wetted surface area, and the volume.  These are (respectively):
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( = 18 400 [long tons]


S = 46 200 [ft2]

( = ( = 643 282 [ft3]

Taylor Series

Utilization of the Taylor series methodical data, the residual resistance coefficient, Cr, can be determined.  However, there are other factors that must be determined in order to determine the total resistance to the ship.  The total resistance to the ship can be determined from:
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In using the Taylor series, the total resistance coefficient is determined from the summation of the frictional resistance coefficient and the residual resistance coefficient:

CT = Cf + Cr
(5)

The frictional resistance coefficient is computed utilizing an empirical formula adopted by the International Towing Tank Commission, ITTC ’57, which is:
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The residual resistance coefficient, Cr, is the subject of determination through the use of the Taylor Series data.  Several plots are presented (see attached), for various combination of the volumetric coefficient, CV, which is defined as:
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The resulting values, and the total resistance is presented in Table 1, below:

Table 1. Taylor Series Data
	U [knots]
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U

/

Speed to Length Ratio
	Cr Residual

Coefficient

x10-3
	Cf Frictional

Coefficient

x10-3
	CT Resistance

Coefficient

x10-3
	RT Total

Resistance [long tonf]

	10
	0.44
	
	
	
	

	11.4
	0.5
	0.516
	1.611
	2.127
	18.0951

	12
	0.526
	0.52
	1.6
	2.12
	19.989

	13
	0.57
	0.524
	1.584
	2.108
	53.3252

	14
	0.614
	0.528
	1.569
	2.097
	26.9142

	15
	0.66
	0.586
	1.556
	2.142
	31.5517

	16
	0.702
	0.626
	1.543
	2.169
	36.3601

	17
	0.755
	0.78
	1.532
	2.312
	43.4719

	18
	0.789
	0.894
	1.521
	2.415
	51.2284

	19
	0.833
	1.034
	1.511
	2.545
	60.1486

	20
	0.877
	1.27
	1.501
	2.771
	72.5786


Note: The water properties determined for seawater at 77(F.
Series 60

Series 60 methodical series data is an alternative method for determining the resistance of a ship hull.  The Series 60 method yields a direct value for the total resistance of the ship.  The ship form determines the data to utilize, with a correction factor being used to account for ship lengths above or below the standardized set of data at 500 [ft].  The plotted values are given in terms of two values, C and K, which are defined as:
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and
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The corrected value for CL is determined through the use of the table of correction values of different lengths, with the CL being found through:
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The resulting values for the total resistance, as computed using the above values are given in Table 2.

Table 2. Series 60 Data
	U [knots]
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U

/

Speed to Length Ratio
	K
	C400
	Correction Factor
	Total Resistance [long tons]

	10
	0.44
	1.13544
	0.66
	-0.00263
	15.27

	11
	0.482
	1.24898
	0.655
	-0.002801
	18.3028

	12
	0.526
	1.36253
	0.657
	-0.00257
	21.8991

	13
	0.57
	1.47607
	0.665
	-0.00254
	26.0292

	14
	0.614
	1.58961
	0.673
	-0.00251
	30.5683

	15
	0.66
	1.70316
	0.68
	-0.00249
	35.4714

	16
	0.702
	1.8167
	0.681
	-0.00247
	40.4268

	17
	0.755
	1.93024
	0.685
	-0.00245
	45.9208

	18
	0.789
	2.04379
	0.69
	-0.002428
	51.8769

	19
	0.833
	2.15733
	0.695
	-0.002402
	58.2432

	20
	0.877
	2.27088
	0.73
	-0.002381
	67.8689


Propeller Determination

Optimum propeller determination requires that certain key parameters be met successfully by candidate propeller forms.  The given requirements are that the diameter of the propeller be less than 19 [ft], and that the revolutions per minute be in the range of 100 to 500 [rpm].  The design speed for the propeller determination should be 15 [knots], and the propeller should be a B series propeller of 4 or 5 blades.


First, the resistance of the hull at 15 [knots] is found from the previous section.  The values of resistance from the Taylor series and Series 60 data are averaged.  The resulting resistance becomes:

R(15 [knots], avg.) = 33.51 [long tonf].


The effective speed of advance can be found through the following relation:
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where,
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is the Taylor Wake Fraction.  The foregoing formula yields an effective speed of advance,          Ua = 11.175 [knots].


The thrust required for the given speed, T, is defined as:
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where the thrust deduction factor, t, is defined by:
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This yields a thrust, T = 44.3072 [tonf].


For a given series of propeller, the procedure for determining the optimum propeller dimensions requires several steps.  First the propeller efficiency, (, is assumed to be a large number (usually the highest value that can be found on the charts).  With an assumed value for efficiency, the delivered horsepower, Pd can be determined with:
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From the propeller chart, a value for Bp and ( can be read, and these can be used to determine the propeller rotational rate and diameter with:
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and
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At this point, the values for the rotations per minute, and the diameter are compared to the required values as given.  If the rpm’s are below the range, and the diameter is too large, the process should be reiterated with a lower efficiency assumed.  This process is repeated until the parameters for the propeller have been reduced to the optimum values.  


Once the values have been optimized with respect to the given parameters, the value for the given pitch can be calculated directly from the chart.  Optimized 4 and 5 bladed propellers with different area ratios were determined from the propeller charts (see attached), and the results are presented in Table 3.


Table 3. Optimum propellers for various area ratios

	
	(
	Bp
	(
	DHP [hp]
	N [rpm]
	D [ft.]

	4.40 B-series
	0.67
	17
	167
	4535.63
	105.38
	17.7

	4.55 B-series
	0.65
	17
	165
	4675.19
	103.79
	17.76

	4.70 B-series
	0.63
	17.5
	163
	4823.61
	105.19
	17.32

	4.85 B-series
	0.61
	18.5
	169
	4981.76
	109.421
	17.2598

	4.100 B-series
	0.60
	17.5
	161.5
	5064.79
	102.654
	17.581

	5.45 B-series
	0.63
	18
	169
	4823.61
	108.195
	17.4554

	5.
	0.63
	18
	166
	4823.61
	108.195
	17.1455

	5.75 B-series
	0.65
	16.5
	156
	4675.19
	100.74
	17.3049


Conclusion

Overall, the differences between the Taylor series data and the Series 60 data are fairly reasonable.  There is a great correlation between the different methods at around 18.3 [knots].  The mix of data would represent various inherent differences between the two different methods, and an average of the two methods is used as an estimation of the resulting resistance on the hull design (see figure 2).

[image: image22.wmf]10

11

12

13

14

15

16

17

18

19

20

10

20

30

40

50

60

70

80

Comparision of Taylor and Series 60 resistance results

Velocity [knots]

Resistance [long tonf]

Taylor

Series 60



Unfortunately, the largest dispersion between the two methods falls approximately at the design speed to be explored for the choice of an optimum propeller.  This should be kept in mind during the design process as successive iterations are undertaken.  A more careful examination of the resultant resistance around the design speed for the propeller choice should be undertaken to ensure the validity of the results.


The propeller results show very similar results for the many different types of propeller choices available in the 4 and 5 bladed B series.  The largest difference in the different options for the propellers shows a trend of an increasing requirement in horsepower as the area ratio increases.  In the interest of reducing weight on the ship, a propeller choice can be made based on the required horsepower to achieve the design parameters.  In this case, the B-series 4.40, 4 bladed propeller would be the best choice in this design.
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