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About this Manual

About this Manual

This manual describes Hullspeed, a program used to predict the resistance of hull
designs. The manual is organised into the following chapters.

Chapter 1 Introduction
Contains a description of Hullspeed, its theoretical fundamentals and its resistance
prediction algorithms.

Chapter 2 Using Hullspeed
Explains how to use Hull speeddés analysis r

Chapter 3 Hullspeed Reference
Gives details of each of Hull speedds menu

Chapter 4 Theoretical Reference
Lists abbreviations and terms used in Hullspeed anthictna bibliography.

Users of the demonstration version of Hullspeed should refepgendix A
Demonstration Versiowhich describes the limitations imposed on the demonstration
version.

Page 1







Chapter 1 Introduction

Chapter 1 Introduction

Hullspeed provides a means of predicting the resistance of a ship hull. Maxsurf designs
may be read in and automatically measured to obtain the required parameters, or the
parameters may be typed by hand without the need for an existing Maxsurf design file.
If the overall efficiency of the propulsion installation is known, or may be estimated, the
power requirements of the design may be predicted.

Given the data required for the resistance prediction algorithms selected for analysis,
Hullspeed will calculat¢he hull resistance at a range of speeds and will give results in
graphical and tabular formats. These results may be copied to a spreadsheet or word
processor for further analysis and/or formatting.

Hullspeed supports resistance prediction calculafiona wide range of monohulls and
multihulls.

Many different approaches exist to predict the resistance of a vessel. Hullspeed
implements several different resistance prediction algorithms, each applicable to various
families of hull shapes. For exampsmme of the algorithms are useful for estimating

the resistance of planing hulls, while others are useful for estimating the resistance of
sailing boat hulls.

Besides resistance prediction calculations, Hullspeed can also be used to calculate the
wave pdtern generated by the vessel for a given velocity.

It should be emphasised that resistance prediction is not an exact science and that the
algorithms implemented in this program, while they are useful for estimating the
resistance of a hull, may not pide exact results.

Resistance Calculations Fundamentals

Hullspeed is essentially a resistance prediction program. A number of regiiessezh
methods and one analytical method can be used to predict thenesistdhe hull
form.

It is normal naval architecture practice to break down the resistance into components
which scale according to different laws. Hullspeed can calculate the resistance
components in coefficient form. Howewy since different methods use different
formulations, not all the resistance components may be available.

Total resistance is normally broken down into a Froude number dependent coniponent
wave resistance (residuary resistance) and a Reynolds nunpleeidéat componeiit
viscous resistance (friction resistance).
The bracketed names give an alternative breakdown:
Total resistance = Wave + Viscous = Residuary + Friction
Typically the friction r esi smodehcorelatiors pr edi
line or some similar formulation.
The viscous resistance includes a form effect appliecetdrittion resistance thus:
Viscous resistance = (1 + k) Friction resistance
, Wwhere (1 + k) is the form factor.
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Where possible, Hullspeed calculates all the components of resistance and these may be
plotted and tabulated separately.

In some cases thegression method predicts residuary resistance and no form factor. In
these cases, it is not possible to calculate the wave resistance.

Data Input Options

In Hullspeed there are two ways to specify the input data that is uelnesistance
algorithms:

9 Manually specify the input data*

9 Read the input data from a Maxsurf design and automatically measure the surface
shape

A combination of the two is also possible: read in and measure a Maxsurf design file

and manually overridéne measured data. In any case, it is always advisable to check the
automatic measurements of half angle of entrance, deadrise, chine type etc. as these can
be difficult for Hullspeed to determine automatically.

* = For the slender body method a mesh oa khaxsurf surface will be calculated which is then
used to calculate the resistance. This means that, except for the wetted surface area, it is not
possible to enter or edit the input data manually.

Prediction methods

Hullspeed provides different algorithms for estimating hull resistance. These are divided
in different groups dependent on the type of hull.

{ Methods For Planing Hulls

9 Methods For Displacement Ships
{ Methods Applicable To Yachts
9 Analytical Method

Also seeAppendix B Applicabiliy on pages3 for information whether a method may
be applicable for a particular design.

Methods For Planing Hulls

Savitsky (Pre-planing)

This algorithm is useful for estimating the resistance of a planing hullebgfgets
6ont o the piplanmgrésjstanice.e. i ts pre

Savitsky (Planing)

Used for estimating the resistance of planing hulls when in the planing speed regime.

Blount and Fox (Planing)

Usedfor estimatinghe resistance of planing hulls when in the planing speed regime.
The algorithm is based on the Savitsky planing method with improvements to the
algorithm at Ahump speedodo, the speed at
method isconsidered superior to the Savitsky planning method for vessels that have
varying deadrise angles in the afterbody, or have a varying beam in the afterbody (i.e.
not prismatic).

wh i



Chapter 1 Introduction

Lahtiharju

Used for estimating the resistance of planintishuhen in the planing speed regime.

Wyman

A universal formulation used for calculating the resistance of hull forms in both planing
and displacement modes. The original method as set out makigsults in &

Engine Power being calculated. As sudn,Hullspeed to accuraly predict thehull

resistance, an overall efficiency must be added in the Efficiency dialog. The overall
efficiency accounts for losses between the power developed at the engine (Brake Power)
and the Effective Powedhull resistace).

FromfiThe Mastheatlissue of June 2008
http://www.westlawn.edu/news/WestlawnMasthead06_JuneQ8.pdf

fiThe Wyman speed formula assumes the hull is the correct type and of faorméor
the intended use. This includes proper location of the longitudinal cergravity and
buoyancy and arismaticcoefficient in the suitable range. The formula also assumes
that the running gear (propeller, reduction gear, shaft, struterudce properly sized
and matched for best performandéhereare many common variants of hulls and
propulsion packagebpweverand the followingadjustmentgan be used to further
refine the results:

Round bilge planing hulls(over SL ratio 2.9): reduce speed by 6%
Deep vee planing hulls(deadrise midships aft >19 degrees): reduce speed by 3 %
Low-deadrise planing hulls(deadrise midships aft < 8 degreesijicrease speed by 4%
Outboard and stern drive boats: increase speed by 5%
Displacement fulkeel sailboats: reduce speed by 2%

SL=speed length ratio=velocity/sqrt(LWL), where velocity is in knots and LWL in ft.

These effects can be added in a single design to createtandrease/reduction in
speed. 0

It is left to the Hullspeed user ttecide whether any of the above criteria apply to their
design and implement accordingly.

Methods For Displacement Ships

Holtrop

This algorithm is designed for predicting the resistance of tankers, general cargo ships,
fishing vessels, tugy container ships and frigates.

Compton

This algorithm is designed for resistance prediction of typical coastal patrol, training or
recreational powerboat type hull forms with transom sterns operating in the
displacement and sefplaning r@imes.

Fung

This algorithm is applicable for resistance prediction of displacement ships with
transom stern hull forms (generally used for larger vessels than Compton). The
regression is based on data from tests on 739 models at the Dawad Magkl basin
and consists over 10 000 data points, Fung and Leibman (1995).
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van Oortmerssen

Useful for estimating the resistance of small ships such as trawlers and tugs.

Series 60
Used for estimating the resiste of single screw cargo ships.

Methods Applicable To Yachts

Delft Series I, Il and IlI

Sailing yacht resistance prediction, using the regression based on either Gerritsma et al
(1991) or Gerritsma et al (1992).

Analytical Method

Slender body method

A slender body method, based on the work of Tuck et al (1999) and Couser et al (1996)
is available in Hullspeed. This method uses a Miqi€98) based approach to compute
the wave resistance of a port/starboard symmetrical monohull.

This method may be applied to many different hullforms including multihulls. However
the individual hulls should be slender* and should be symmetrical giiutocal
centreline. Planing forces are neglected in the slender body method which limits speed
range applicability for this method. In general, sensible results can be obtained for a
wide range of moncand multihull vessels operating at normal Frondmbers.

This method predicts only the wave pattern resistance component. To calculate the total
resistance, Hullspeed calculates and adds the viscous resistance component using the
| TTC657 friction coefficient wacwi.culation m

SeeUsing the slender Body Methauh page?1.

* = have narrow beam compared to their length.

Hull Parameter Validation

Hullspeed will checkriat the entered data is within the valid ranges for the selected
methods. If the values are okay they will be displayed in black, if they are too low they
will be displayed in red with the words (low), and if they are too high they will be
displayed in orage with the word (high).
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BE&E
Value (Units Savitsky
pre-planing
1 LWL 21.425'm 21.42%
2 Beam 5636 m 5636
3 Draft 1215:m -
4 Dizplaced volume §8.726 . m"3 68.726
5 Wetted area 117181 m*2 117181
[} Prizmatic coeff. 0.757 -
7 Waterplane area coef 0.201 —
g 1/2 angle of entrance 20.14 (deg. 2014
9 LCG from midshipe(+v: -2.155'm -
10 Transom area 4235 m"2 4,235 (high
11 Transom wl beam 5636 m -
12 Tranzom draft 1215:m -
13 Max sectional area 4235 m"2 4235 (low}
14 Bulk transverse arsa 0.014 :m"2 -
15 Bulk height from keel 0:m -
16 Oraft at FP 1.215m -
17 Deadrize at 50% LWL 24.51 deg. -
18 Hard chine or Round & Round bil -
19
20 Frontal Area 0:m2
21 Headwind 0 k=
22 Drag Coefficient 0
23 Ajr density 0.001 :tonne
24 Appendage Area 0:m2
25 Neminal App. length 0:m
26 Appendage Factor 1
27
28 Correlation allow. 0.00040
29 Kinematic viscosity  0.000001 :m*Zis
30 Water Density 1.025 tonne
£ >

Hullspeed will still attempt to calculate the hull resistance if the data is out of range, but
these results should be treated with caution since the accuracy of the method may be
compromised if parameters are outside the valide.

Because of the difficulty of accurately determining some measurements from the surface
model, it is important to verify the following measurements:

9 1/2 angle of entrance

9 Bulb transverse area

9 Bulb height from keel

9 Deadrise at 50% LWL

9 Chine type: har d chine or round bilge

Also seeData Validationon pagel7 for more information on data validation
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Chapter 2 Using Hullspeed

You have been introduced to the way in which Hullspeerksvand can now go on to

learn in detail how to use Hullspeed by following the example outlined in this chapter.

The example uses a simple planing hull form whose data are supplied in a Hullspeed file

called &6Hull speedExamp Imahe Maxsuid design filee s e
OHul | speedExampl e. msd?bd.

The example goes through the steps needed to predict the resistance of the hull.

9 Getting Started
9 Taking Measurements from a Maxsurf design

{ Opening a Data File

il Entering Data
| Calculating Resistance

Getting Started

Start up the prografmy double clicking on the program icon or selecting Hullspeed

from the Maxsurf menu under the Start menu. Hullspeed will start up and display the

following windows:

= Hullspeed - C:\Program Files\MaxsurfiSample Designs\Workboats\Workboat.msd

File Edit View Analysis Display Data Window Help

[osa smeslaa

% Perspective [-1B]x]
| 180 Savitsky pre-planing b
F Resist. (kH)
F LWL 21429 m
r Beam 5636 m
L Draft 1215 m 05
< Displaced volume B8.727 M 3
F [Wetted area M7A8 1w 15
= [ Prismatic coeff. 0757 2
o L |Waterplane area coeff. 0.801 25
£ =3 1/2 angle of entrance 2083 d 3
Jo &Y LCG from midships(+ve for'd 22311 35
§ Transom area 4235 m 8 4
Transom wi beam 5636 m 45
[ Transom draft 1215 m s
il £ Max sectional area 4235 55
+ Bulb transverse area om L]
Bulb height from keel om 635
C Draft &t FP 1215w 7
Deadrise at 50% LWL 2451 d B
Hard chine or Round bilge

Power kKW

Speed kts

0. .
Froude Number
Savitsky pre-planing = 99.126 KW Speed = 0.000 kts

-

£id
D

| «» 3.329m $-2074m ¥y 3281° M

cap* UM |

Perspective A perspective view of the hull being analyse:

Plan A plan view of the hll, looking from below.
Starboard above the centreline.
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Chapter 2 Using Hullspeed

Profile A profile view of the hull, looking from
starboard with the bow to the right.

Body Plan A body plan view of the hull, looking forward
from the stern.

Data The input data to be used fine analysis. This
data may be measured from a Maxsurf desig
or typed manually.

Graph A graph of the hull 6
resistance vs. speed.
Results A numerical display of the resistance and

power prediction results, in a format useful fi
copying to a spreadsheet.

Taking Measurements from a Maxsurf design

Hullspeed may read and measure a Maxsurf design file directly. Because Hullspeed uses
the same method as Hydromax to determine the hydrostatic propertiesdefsign, the

same rules and limitations about closed sections apply. See the Hydromax manual for
more information on how to prepare a Maxsurf model before loading it into other
applications of the Maxsurf suite.

To load a design, select Open Design fitben File menu. When the design is loaded in,
Hul |l speed will automatically calcul ate the
sections.

At this point it is a good idea to check that the sections have been formed correctly. Do
so by going to the pspective window and turning on the sections (in the Display |
Contours dialog). The immersed sections are shown:

2ero p.

The hull is always measured at the DWL, so if you wish to measure the hull at a
differentdraft, change the position of the DWL in the Fraofdreference dialog. (Data |
Frame of Reference).

Once the measurements have been made, they can be edited if you so desire. Because of

the difficulty of accurately determining some measurements from the surface model, it is
important to verify the folleing measurements:
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9 1/2 angle of entrance
| Bulb transverse area
9 Bulb height from keel
{| Deadrise at 50% LWL
9 Chine type: hard chine or round bilge

Opening a Data File

Choose Open Measurement Data from the File menu. Open theé filedsid 6 Hul | s pe ec
Sampl e_Workboat. hsddé in the Maxsurf Sampl e:
planing hull form. When it is read in, the Data window will fill with the relevant data:

Value Units | A
1 Ll 21429 m
2 Beam 5636 m
3 Draft 1215 m
4 Displaced volume 68.727 m"3
5 Wetted area 11718 m"2
6 Prismatic coeff. 0.757
7 Waterplane area coeff. 0.80M
8 12 angle of entrance 2083 deg.
9 LCG from midships(+ve for'd -2231'm
10 Transom area 4.235 m"2
11 Transom wl beam 5636 m
12 Transom draft 1215 m
13 Max sectional area 4235 m"2
14 Bulb transverse area 0 m"2
15 Bulb height from keel om
16 Draft at FP 1.215'm
17 Deadrise at 50% LWL 24 .51 deg.
18 Hard chine or Round hilge Round hilge
19
20 Frontal Area 0 m"2
21 Headwind 0 ks
22 Drag Coefficient u]
23 Air density 0.001 tonne!
24 Appendage Area 0 m"2
25 Nominal App. length om
26 Appendage Factor 1
27
28 Correlation allow. 0.00040
29 Kinematic viscosity 0.00000118 m"2¥s
30 Water Density 1.026 tonnel
< | >

Entering Data

Note that in the Data windq there are three main columns. The first column contains
explanations of the data in a particular row, the second column contains the data itself,
while the third column contains the units for the data in that row. An extra column is
added for each of ghanalysis methods used; data required for that method are copied
into the new column.

Data may be typed into any column apart from the first and third columns. Changing any

part of the data for a method will change that same piece of data for all methods
changing the length in any column will change the length in every column.
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Note:
Input parameters: length; volume; prismatic coefficient and max sectional
area are related by the formula below.
\%
C,=
L-A,
If data is measured from a design then this databeiconsistent. However
if the data are entered manually, Hullspeed will recalculate these values to
maintain consistency. If either length (L), volun r Prismatic

Coefficient (G) are entered, then Max Sectional areg) (ill be
recalculated. If A is entered then Qwill be recalculated.

The required data are as follows:

Length / Lwl

The length of the hull, measured on the waterline.

Beam

The maximum submerged width of the hull.

Draft

The maximmm submerged depth of the hull.

Displaced Volume

The volume of seawater displaced by the hull.

Wetted Area

The submerged surface area of the hull.

For the slender body method, the wetted area is used to talthda-riction and
Viscous resistance coefficients only (the wave resistance is calculated directly from the
surface model).

The wetted area is also used to calculate the resistance coefficients displayed in the
Graph window.

Prismatic Coefficient

A measure of the extent to which the submerged volume of a hull fills a prism defined
by the submerged length, multiplied by the area of the largest transverse section; i.e.

v
“ T4

Water plane Area Coefficient

A measure of the extent to which the area of the water plane fills the rectangle defined
by the length * beam; i.e.

CWP — AWP
L-B




Chapter 2 Using Hullspeed

Half Angle of entrance

The angle measured in the plane of the water plane, between the huk @editieline.

LCG from midships

The distance to the longitudinal centre of gravity, measured from amidships. Note that
this distance ipositive forwardl.e., an LCG 1.5maft of midships will be entered as
15.

Note that wha Hullspeed measures a hull, it assumes that the vessel is in hydrostatic
equilibrium at the DWL and the LCG is assumed to be at the LCB (longitudinal centre
of buoyancy.

Transom Area

The submerged sectional area of the transom, mehshren the vessel is at rest.

Maximum Sectional Area

The largest submerged sectional area of the hull, measured when the vessel is at rest.

Bulb Transverse Area

The tansverse sectional area of the bulb (if any) measured on the waterline at the stem.

Bulb Height from Keel

The distance from the keel line, to the transverse centre of area of the bulb section on
the waterline at the stem.

Bulb transverse area

—DWL

Bulb height from kch’\

[
=

A

Wetted Area

The submerged surface area of the hull.

Draft at FP

Thedraftat the fore perpendicular. This value can be left at zero, whereupon Hullspeed
will assume it is the same as the valuetfdr draft® i t e m.

Deadrise at 50% Lwl

The deadrise, as measured at midships.

Frontal Area

The area of the vessel above the waterline, when viewed from the front. Set to zero to
ignore wind resistance.
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Drag Coefficient

The coefficient of drag for calculation of wind resistance. Expected values would be in
the range of 0.81.2.

Air Density

The air density, at the appropriate ambient temperature. 1.293 kg/m"8eq.15.
Appendage Area

The wetted area of appendages, used to calculate appendage drag. Set this to zero to
ignore appendage resistance.

Nominal Appendage Length

This is a nominal length for the apmrges which is used to calculate the Reynolds
Number at which the appendages are operating. This Reynolds Number is used to
calculate the skin friction drag of the
Typically this length would be representative lodé rudder (and keel, if applicable)

chord.

Appendage Factor

A factor for estimating the resistance due to the drag on appendages. Expected values
range from 1.0 to 3.0.

Correlation Allowance

A factorusedfor accounting for variations between model tests anestdlle trials.

This factor is included only for the analysis methods which used a correlation allowance
in their original formulation: Savitsky prglaning; Lahtiharju; Van Oortmerssen and

Series 60. The Holtrop method includes an implicit correlation allowance which is
included at all times. The correlation allowanceJ8g, may be estimated from the

ITTC recommended formula:

1

k.\3 S
C, = IOS(IjJ —0.64 |x10

A

Whereksis the hull roughness; typically 150x%@ andL is the waerline length of the
hull in the same units.

The Correlation Allowance value used for each particular method is listed in the Data
Wi ndow in the fACorrelation allowd row.

ap|
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The table below should clarify which methods use which correlation factor:

Savitky preplaning

None

Savitsky planing

Varies with speed but based on user specified
value

Blount and Fox

Varies with speed but based on user specified
value

Lahtiharju user specified value

Holtrop constant but calculated by regression method
Van Oortmersen user specified value

Series60 user specified value

Delft 1,11 None

Delft 11l None

Compton fixed at 0.0004

Fung fixed at 0.0005

Slender body user specified value

Physical Properties of Sea Water

The values for the density and kinematic viscosity of the water may be edited by the

user .

The

| TTCO657

val ues €.dordessiyland wat er

kinematic viscosity are aslfows: density 1025.9 kg/m"3 and kinematic viscosity

1.18831x10 m"2/s.

Calculating Resistance

Before viewing the results of the resistance calculations, you should validate your data,
select a resistance prediction method and select a speed rangeo®@hese/ chosen
these options, the results will be automatically displayed in the Results and Graph

windows.

| Selecting the Resistance Prediction Methods

{ Data Validation

{ Specifying Speed Range

9 Viewing Results
I Error! Reference source not found. (optional)

Selecting the Resistance Prediction Methods

To specify which methods to use, choose Methods from the Data menu, or alternatively

use the - toolbar button. A dialog box will appear which allows you to select the
resistance prediction methods that you wish to use.

Page 15
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Select methods to be computed

Planing

| Savitsky pre-planing
Savitsky planing
Blount and Fox
Lahtiharju

Displacement
Holtrop
Compton
Fung
van Cortmerssen
Series 60
Yachts
Delft I, IT
Delft I1I

Analytical
Slender Body

Form factor (1+k), induding
viscous interaction for multhulls

1.000

Methed |User specified value

M |

V| Use 19th ITTC modified formula for CA

| OK | | Cancel |

As outlined on pagé, different methods are useful for analysing different hull types.

Since a planing hull is to be analysed, select the methods pertinent to such a design.

Once a method has been selected, a column will appear in the Data wiithospaces

to enter the data relevant to that method. In general the methods do not use all the data;
only the data relevant to the analysis method is copied into that column. Unused data
c@ant ai

wi ||

Two additional columns will appear in the R#és window for each resistance
prediction method selected; one for the predicted resistance and one for the power

required.

n

)

For the Slender Body method, a uspecified form factor has to be specified. To use
the Holtrop and Mennen form factor, give egative value (e.d.1.0). The form factor
is only applied to the slender body method resistance prediction. This method is
explained in detail in thelsing the slender Body Meth@gction starting at pag.

| f t he"lATUSCe niod i fi ed
used. The 18ITTC proposed a modified formula f@a that splits it into a

roughness factddCf and correlation allowance:

- gCris the roughnss allowance

AC, =0.044

L

3

~10-Re” |+0.000125

f or mul

a

for

CAo

whereksindicates the roughness of hull surface. When there is nounedslata, the
standard value d=150x106 m can be used.

S

c
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- Cais determined from comparison of model and full scale trial results. When using the
roughness allowace as above, the k9T TC recommended using:

C, =(5.68—0.6logRe) x 10~

Also see
Prediction methoden pages4 for more information on the different methods
available in Hullspeed.
Appendix B Applicabiliy on pages3to investigate which method is appropriate
for a particular type of vessel.

Wind and Appendage Resistance

Wind and appendage resistanceyrakso be accounted for in the resistance calculation.

Entering the frontal area of the vessel, the drag coefficient and the air density will cause
air resistance to be included in the analysis. Setting any of these values to zero will
ignore air resistace.

The frontal area is the aboveaterline area of the vessel when viewed from the bow,

Asonar The drag coefficienCy,  wi | | depend on how 6streamld.i
streamlined vessel would have a drag coefficient of less than one, sejnile8a less

streamlined vessel would have a drag coefficient of greater that 1, say 1.2.

The wind resistance is calculated as follows:

| 2
R =7 Par Aiona Ve Ca

Wherer 4 is the air density and,, is the relative wind speed.

Entering the wetted area of the appendages naminal appendage length (for
calcul ation of appendage Reynolds Number),
cause the resistance of these appendages to be estimated by Hullspeed.

The wetted area of the appendad@s,cnqage iS the total wettedusface of appendages,
while the appendage factdfspendage IS an indication of the resistance of the appendages.
Value for the appendage factor typically vary from 1.0 to 3.0.

The appendage resistance is calculated as follows:

i

—1 2
Rappendage —2 p water Aappendage Vboat f;lppendage Cf

WherereriS the vater density anli,.,:is the vessel speed. The skin friction
coefficient,C;, is calculated from the I TTC657 f orn
length to calculate the Reynolds Number.

Data Validation

Measurement data, either rseaed from a hull or entered by hand will automatically be
compared with the limits of the chosen speed prediction methods.

In the Data window, measurements that are outside the valid range for a particular

method will be highlighted in the column for threethod in question. Data in red
indicates that the value is too low, whilst data in orange is too high.

Page 17
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Please note that in some cases, the valid range for a particular method may be in terms
of a ratio or coefficient such as B/T. In such a situatiothafB/T ratio was too high,

the beam would be highlighted as being too high andrigwould be highlighted as

being too low. In some cases, this can cause a value such as beam to be both too high
and too low; this would occur if both B/T and L/B weoe high.

Please refer tAppendix B Applicabiliy, sectionDimensionson pageb4 for details of
the valid ranges for the different analysis methods.

Also see:Entering Dataon pagell
Specifying Speed Range

Once the prediction methods have been chosen, the speeds over which the analysis is to
be carried out need to betsTo do this,

i choose Speeds from the Data menu, or

AT

alternatively use th =+ -toolbar button.

A dialog box will appear:

Speed Range

Minimurn [ Okts I_D_K_]
M aximum 20 kts Cancel

u  Enter the minimum speed
i Enter the maximum speed

u  Click on the OK button

Viewing Results

For the regression alyais methods (all methods except analytical), the resistance and
power are automatically calculated whenever a change is made to the input data. The
analytical results can only be obtained after solving the analysislséeg the slender
Body Methodon page?1 for more information.

Results Table
A table with the calculation results will be tabulated in the Results window.

Results Graph
A graph of the results will appear in the Results Graph window.
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|Resistance vs Speed j
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Clicking on any of the curves in the graph will show the resistance and speed values at
that point in the bottom left of the Graph window.

Double clicking on the graph will bring up a tabléwall the graph data points.

The type of graph displayed can be changed by selecting Graph Type from the Display
menu.

Select Graph Type

Graph D ata:
* Fesistance / Speed
" Power / Speed
Coefficient / Speed:

" C_tatal

O C_residuany

O C_wave

" C_friction
P

C_wiscous Cancel

As well as graphs of resistance or power, it is possible to plot the individual resistance
coefficients.

Alternatively this can beone by selecting the required component from thegavin
list in the Graph toolbar:

|Viscous Rezistance Coefficient vz Speed j

Please note that not all methods calculate all the resistance components; many of the
methods use the residuary + friction approach and hence the wave and viscous
conponents cannot be derived. The following table summarises which components are
calculated by each method.

Method Rt | Rr Rw | Re Ry Rcor | Rapp | Rair | b
Savitsky pre-planing | yes | no no no no yes |yes |yes | no
Savitsky planing yes |yes | no yes no yes |yes |yes |yes
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Blount and Fox yes | yes | no yes no yes |yes |yes |yes
Lahtiharju yes | ho no no no yes |yes |yes | no
Holtrop yes |yes |[yes |yes TT%°lyes [yes [yes [yes |no
Compton yes [yes [no |yes ""°%no [yes [yes [yes |no
Fung yes [yes [no |yes T"°%no [yes [yes [yes |no
van Oortmerssen yes [yes [no |[yes ""°%no [yes [yes [yes |no
Series 60 yes | yes | no yes no yes |yes |yes | no
Delft I, Il yes | yes | no yes no no yes |yes | no
Delft IlI yes | yes | no yes no no yes |yes | no
Slender Body yes |yes |[yes |yes TT°% yed [yes [yes [yes |no
Tablenotes:

The ATTC647 (Schoenherr) fricti:

N 2

1 . € 0242 @

surface area is use@; = é————

609:,(RC; )y

2. The Holtrop wave resistance al s
' components

The Holtrop method includes a regressionapn for determining the
3 correlation allowance coefficient; this is used rather than thespssified

value.
4: Uses alternative friction lineC, = 0.083 5

[log,o(R.) - 1.6

5 Uses I TTC657 friction |ine, but
) length: 07 Lpp
6 If the user specified form factor is negative, the slender body method u

| TTCoUses the | TTCG57

the form factor as calculated by the Holtrop method.
L0075 . .
——e—+t Il i ne:

fogo(R)- 2" "

Rr Total resistance; either expressed as=Rs + Re + Rcor + Rapp + Rair
or I:zT = RW + RV + I:\)Cor"' RApp"' I:zAir

Rr Residuary resistance; total hydrodynamic resistance less skin friction
resistance. Does not include R Rapp Or Rair

Rw Wave resistance; resistance due to energy input into the genarbtree
surface waves.

Re Friction resistance; skin friction of equivalent flat plate area, typically uses
| T T C0 5mode doirefation line or Schoenherr friction line.

Ry Viscous resistance; skin friction viscous resistance plus allowan8®ftorm
effects of the hull. Typically by the use of a form factor (1+Kk). In this cgse
(1+K) Re

Recor Correlation allowance resistance; additional resistance for correlation fron
model to ship scale

R app Appendage resistance; resistance of appemsdagsh as rudder, etc.

Rair Air resistance; wind resistance of abewater hull and superstructure

db Running Trim vs Speed.
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Using the slender Body Method

This analytical method is based on thecatied slender ship or sldar body method. It

computes the energy in the free surface wave pattern generated by the vessel and hence

the wave resistance of the vessel. To calculate the total resistance, Hullspeed calculates

and adds the viscous r es i7drittianncoefficieato mponent
calculation method and the specified form factor.

The following section explains how to use the slender body method provided in
Hullspeed to compute the resistance of both mand multihull vessels. The
information given here alsapplies to the calculation of the free surface wave patterns
described later in this manual since they use the same theoretical basis.

In this section:
{ Model Validation

{ Calculating the Slender Body Resistance

{ Slender Body Analysis Geometry

{ Calculating the Form Factor

Model Validation

Except fo the wetted surface area, the input data for the slender body method is not
displayed in the input table and can thus neither be validated nor modified by the user.
To make sure that Hullspeed interprets the surface model correctly, it is recommended
to check the slender body mesh.

This can be done kyrning on the SB mesh option in the Display menu. The number of
sections used can be increased for greater accuracy, though this will increase the
computation time. Particular attention should be paitiéaesh of multihulls and

vessels with transom sterns. See the following sections for more details.

It is also recommended to read the papers on the slender body method listed in the
Bibliographyon page48. The following section can be used as a guideline:

The slender body method assumes the vessel to be slender (i.e. high length:beam

or slenderness ratios). Ideally the slenderness ratio should be as high as possible,

but in practicegood results can be obtained for slenderness ratios of around 5.0

to 6. 0. I f the vessel 6s Froude number i s
which the method is applicable also reduces. The maximum Froude number for

which sensible resultscanbe® ai ned depends on the vess:
It has been found that, for very slender vessels (slenderness ratios greater than

7.0), the slender body method may give sensible results for Froude numbers as

high as 1.0. The slender body method maygdgdied equally well to round bilge

and chine hull forms. Hulls with transom sterns are dealt with by automatically
adding a Avirtual appendageo. This metho
(1996).

Also see:
Appendix B Applicabiliy on pageb3

Calculating the Slender Body Resistance

After making sure that the vessel can be analysed with the slender body method,
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i Select the Slender Body Method in the Mbods dialog from the Display
Menu
u  Specify the form factor, see below for explanation

This method is slower than the regression {apalytical) methods in Hullspeed, and so
is not automatically calculated. To calculate the resistance,

i Select Analysis | 8Slve resistance analysis or use the solve toolbar button
L+

This will calculate a mesh on the Maxsurf surface and calculate the resistance.
Form Factor

The form factor to besed for the slender body analysis can be specified in the
Methods dialog. If a form factor of less than zero (negative) is entered, the
Holtrop and Mennen formulation for form factor will be used.

This method uses the Maxsurf hull surfaces diresttya full model is

required and changing the measurement parameters, other than wetted
surface area, will not affect the results. Wetted surface area is used only to
compute the friction resistance and the resistance coefficients displayed in
the Graph wndow.

Slender Body Analysis Geometry

The analysis mesh for the slender body anal
in the Display menu.

Slender body mesh (orange grid) for MORC sample model

If the vessel tge (monohull, multihull) has been correctly setup in Maxsurf, the
geometry should be correctly interpreted by Hullspeed. The mesh is a series of sections

and waterlines forming a rectangular grid 1
For multihdls this means that there is one such mesh for each individual hull. This mesh

i's symmetrical about the 1l ocal hul | centr e
mesh consists of one mesh that is symmetrical about the demihull centreline and

mirroreda bout the catamaran6s centreline. This
symmetrical about its own centreline, but the overall model can be asymmetrical (e.g. a

proa).

If the hull has an immersed transom, an appendage is added to the slenderdiody me
which blends all the waterlines back into the local centreline; this can be seen in the
image above. Sedodelling the Transormon page24 for more information.
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Slender Body Geometry i Video

= View avideoshowing how to set up a model of a Catamaran in Maxsurf, so that it is
correcty interpreted for the Hullspeed Slender Body geometry mesh definition.

Editing the Slender Body Geometry

In some cases it may be necessary to edit the slender body mesh. This is done by
sel ecti ng ndme tArnyad yfsricesm Gehe anal ysi s menu.
table containing one row for each mesh group; you need one group for each individual
hull in the model:

Dialog for definition of slender body groups

This dialog is the same as that used foiritédn of the Shipflow groups in Hydrolink.
Of main interest for Hullspeed are the following columns:
Colour:

The colour the mesh is drawn

Surfaces:

The surfacesotbe used to calculate the offsets. Double click on the surfaces cell

to select which surfaces should be used. It is best to choose only the surfaces that
define the sections, this is especially true for multihulls. When you close the

surface dialog you Wibe asked if you want to automatically set the bounding

box to the selected surfaces. Clicking
rectangular extents of a box containing the selected surfaces.

Selection of the surfaces to be grouped for measuring the slender body mesh

Num. of contours:

The number of contours for the mesh; the number of waterlines is chosen
automatically to match the number of sections. The greater the number of sections
the better thaccuracy of the analysis (but the analysis will also take longer).
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