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About this Manual

About this Manual

This manual describes Hullspeed, a prograeduo 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
predidion algorithms.

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

Chapter 3 Hullspeed Reference
Gives details of eachdsof Hull speedds menu

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

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

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

Hullspeed supports resistance prediction calculations for a wide range of monohulls and
multihulls.

Many different approaches exist to predict the resistance of a vessspédull

implements several different resistance prediction algorithms, each applicable to various
families of hull shapes. For example, some of the algorithms are useful for estimating
the resistance of planing hulls, while others are useful for estimagngsistance of

sailing boat hulls.

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

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

Resistance Calculations Fundamentals

Hullspeed is essentig a resistance prediction program. A number of regredsased
methods and one analytical method can be used to predict the resistance of the 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. However, since different methods use different
formulations, not all the resistance components may be available.

Total resistace is normally broken down into a Froude number dependent comfionent
wave resistance (residuary resistance) and a Reynolds number dependent coimponent
viscous resistance (friction resistance).
The bracketed names give an alternative breakdown:
Total resistance = Wave + Viscous = Residuary + Friction
Typically the friction resistance is predicteslut n g t h e ImddélCdrélations hi p
line or some similar formulation.
The viscous resistance includes a form effect applied to the friction resistance thus:
Viscous resistance = (1 + k) Friction resistance
, Wwhere (1 + k) is the form factor.
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Where passible, Hullspeed calculates all the components of resistance and these may be

plotted and tabulated separately.

In some cases the regression method predicts residuary resistance and no form factor. In

these cases, it is not possible to calculate thewasistance.

Data Input Options

In Hullspeed there are two ways to specify the input data that is used in the resistance
algorithms:

e Manually specify the input data*

e Read the input data from a Maxsurf design and automatically m easure the surface
shape

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

and manually override the measured data. In any case, it is always advisable to check the

automatic measurements of half angle of entrance, deadhine type etc. as these can
be difficult for Hullspeed to determine automatically.

* = For the slender body method a mesh on the Maxsurf surface will be calculated which is then
used to calculate the resistance. This means that, except for thd swati@ce 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 dependeon the type of hull.

e Methods For Planing Hull s

e Methods For Displacement Ships

e Methods Applicable To Yachts

e Analytical Method

Also seeAppendix B Applicabilityon pagesl 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 hull before it gets
6ont o t he pilplanmgrésjstarice.e. i ts pre

Savitsky (Planing)

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

Blount and Fox (Planing)

Used for estimatinghe resistance of planing hulls when in the planing speed regime.
The algorithm is based on the Savitgksning method with improvements to the
algorithm at Ahump speedodo, the speed at
method is considered superior to the Savitsky planning method for vessels that have
varying deadrise angles in the afterbody, orehawarying beam in the afterbody (i.e.

not prismatic).
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Chapter 1 Introduction

Lahtiharju

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

Methods For Displacement Ships

Holtrop

This algorithm is designed f@redicting the resistance of tankers, general cargo ships,
fishing vessels, tugs, container ships and frigates.

Compton

This algorithm is designed for resistance prediction of typical coastal patrol, training or
recreational powerboat typeill forms with transom sterns operating in the
displacement and serplaning regimes.

Fung

This algorithm is applicable for resistance prediction of displacement ships with
transom stern hull forms (generally used for larger vessels thaptGaonThe

regression is based on data from tests on 739 models at the David Taylor model basin
and consists over 10 000 data points, Fung and Leibman (1995).

van Oortmerssen

Useful for estimating the resistance of small ships sscinawlers and tugs.

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

Methods Applicable To Yachts

Delft Series I, Il and I

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

Analytical Method

Slender body method
A slender body method, based on the work of Tuck €t989) and Couser et al (1996)

is available in Hullspeed. This method uses a Michell (1898) based approach to compute
the wave resistance of a port/starboard symmetrical monohull.

This method may be applied to many different hullforms including multindtbsvever

the individual hulls should be slender* and should be symmetrical about their local
centreline. Planing forces are neglected in the slender body method which limits speed
range applicability for this method. In general, sensible results cantdiaexbfor a

wide range of monaand multihull vessels operating at normal Froude numbers.

This method predicts only the wave pattern resistance component. To calculate the total
resistance, Hullspeed calculates and adds the viscous resistance comgiogaheu
| TTC657 friction coefficient calculation

SeeUsing the slender Body Methauh pagel8.

* = have narrow beam compared to their length.
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Hull Parameter Validation

Hullspeed will check that 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 irred with the words (low), and if they are too high they will be

displayed in orange with the word (high).

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
11 Transom wl beam 5636 m -
12 Tranzom draft 1215:m -
13 Max sectional area 4235 m'2 4235 (lo
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 sime@actcuracy of the method may be
compromised if parameters are outside the valid range.

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

e 1/2 angle of entran ce

Bulb transverse area

Bulb height from keel
e Deadrise at 50% LWL

Chine type: hard chine or round bilge

Also seeData Valichtionon pagel5 for more information on data validation
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Chapter 2 Using Hullspeed

You have been introduced to the way in which Hullspeed works and 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 datappdied in a Hullspeed file
called 6Hull speedExample. hsdé; these
OHul | speedExampl e. msd?bd.

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

e Getting Started
e Taking Measurements from a Maxsurf design

e Opening a Data File

e Entering Data
e Calculating Resistance

Getting Started

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

ar

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

Dl alaa +

- Perspective.

50

&1 Savitsky pre-planing
F Resist. (kH)
F 21429 m
r 5636 m
[ 1215 1w 05
< Displaced volume 68.727 M &
F [Wetted area M7A8 w 15
= [ Prismatic coeff. 0757 2
o L |Waterplane area coeff. 0.801 25
£ =3 1/2 angle of entrance 2083 d 3
fo B LCG from midships(+ve for'd 22 M 35
I 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 1215 ™ 7
Deadrise at 50% LWL 2451 d 75
&) Hard chine or Round bilge
GRS PR B e
120 1 oy £

= Bady Plan

Power kKW

Speed kts

0. .
Froude Number
Speed = 0.000 kts

Savitsky pre-planing = 99.126 KW

| «» 3.329m $-2074m ¥y 3281° M

cap* um |

Perspective
Plan

A perspective view of the hull being analyse:

A plan view of the hull, looking from below.
Starboard above the centreline.

Page 7
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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 viewof the hull, looking forward
from the stern.

Data The input data to be used for the analysis. T
data may be measured from a Maxsurf desig
or typed manually.

Graph A graph of the hull 6
resistance vs. speed.
Results A numerical dsplay 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. BecausecEdllsges

the same method as Hydromax to determine the hydrostatic properties of the design, 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 inéw ot
applications of the Maxsurf suite.

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

At this point it is a good ideto check that the sections have been formed correctly. Do
so by going to the perspective 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@asare the hull at a
differentdraft, change the position of the DWL in the Frame of Reference 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 determimg some measurements from the surface model, it is
important to verify the following measurements:
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Chapter 2 Using Hullspeed

1/2 angle of entrance

Bulb transverse area

Bulb height from keel
Deadrise at 50% LWL

Chine type: hard chine or round bilge

Opening a Data File

Choose Open Measurement Data from the File
Sampl e_Workboat. hsddé in the Maxsurf Sampl e:
planing hull form. When it is read in, the Data window will fill with tleéevant 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
8 142 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 1215 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 tonnef
24 Appendage Area 0 m"2
25 MNominal 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 window, 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 cdains the units for the data in that row. An extra column is
added for each of the analysis 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, i.e.
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 retad by the formula below.
\%
C,=
L-A,

If data is measured from a design then this data will be consistent. However
if the data are entered manually, Hullspeed will recalculate these valuges to
maintain consistency. If either length (L), volun¥® or 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 maximum submerged depth of the hull.

Displaced Volume

The volume of seawater displaced by the hull.

Wetted Area

The submerged surfaceearof the hull.

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

The wetted area is also used to calculate thistelce 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 largeshterse 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 hull and the centreline.

LCG from midships

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

Note that when 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, measured when 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 transverse sectional area of the bulb (if any) measured on the waterline at the stem.

Bulb Height from Keel

The distance from the keel line, teetlransverse 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 ¢emleft at zero, whereupon Hullspeed
wi || assume it is tdadtd siatmeem.as t he value f o

Deadrise at 50% Lwl

The deadrise, as measured at midships.

Frontal Area

The area of the vessel above theesaie, 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"3 at 15 deg. C.
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 appendages 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 appendagesi ng t he | TTC657 f or mi
Typically this length would be representative of the 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 anestalle trials.

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

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

ITTC recommendd formula:

1

k.\3 S
C, = IOS(IjJ —0.64 |x10

A

Whereksis the hull roughness; typically 150x%@ andL is the waterline 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.
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Chapter 2 Using Hullspeed

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

Savitsky 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 userspecified value

Holtrop constant but calculated by regression method
Van Oortmeersen | 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 vake

Physical Properties of Sea Water

The values for the density and kinematic viscosity of the water may be edited by the
I T TalEwater7(3.5%0as4hlinite) at 2&.,dor demssity and
kinematic viscosity are as follows: density 1025.9 kg/m”3 and kinematic viscosity

user .

1.18831x10 m"2/s.

The

Calculating Resistance

Before viewing the results of the resistance calculations, you should valmatdata,
select a resistance prediction method and select a speed range. Once you have chosen
these options, the results will be automatically displayed in the Results and Graph

windows.

e Selecting the Resistance Prediction Methods

e Data Valid ation

e Specifying Speed Range

e Viewing Results
e 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 iz toolbar button. A dialog box will appear which allows you to seleet t
resistance prediction methods that you wish to use.
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Select methods to be computed 3]

‘fachts

Analptical

Flaning

W Savitzky pre-planing
¥ Savitzky planing
v Lahtihariu

Dizplacement

[ Haltrap

[ Comptan

[ Fumg

[ wan Dortmerszen
[ Series BD

[ Delt 1,11
[ Delt Il

[ Slender Body

Form Factor (1+k]. including
wigzous interaction for multibulls

o]

—

Cancel |

As outlined on pagd, different methods are useful for analysing different hull types.
Since a planing hull is to be analysed, select the methods pertinent to ssamna de

Once a method has been selected, a column will appear in the Data window, with spaces
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 cdlinmesed data

Wi

[ cdnt ain

0

Two additional columns will appear in the Results window for each resistance
prediction method selected; one for the predicted resistance and one for the power
required.

For the Slender Body method, a uspecified fom factor has to be specified. To use
the Holtrop and Mennen form factor, give a negative valuei(&.g). 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 pades.

Also see
Prediction methoden page4 for more information on the different teds

available in Hullspeed.

Appendix B Applicabilityon pageblto investigate which method is appropriate

for a particular type of vessel.

Wind and Appendage Resistance

Wind and appendage resistance may also 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 analystifg any of these values to zero will
ignore air resistance.

The frontal area is the abowaterline area of the vessel when viewed from the bow,
Asontar The drag coefficientCy,
streamlined vesd would have a drag coefficient of less than one, say 0.8, while a less

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

wi || depend

on

how

6str eaml




Chapter 2 Using Hullspeed

The wind resistance is calculated as follows:

| 2
Rna =7 Pair Aiona Ve Ca

Wherep,; is the air density and,, is the relativavind speed.

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

The wettedarea of the appendagésppendage iS the total wetted surface of appendages,
while the appendage factdfspendage IS @n indication of the resistance of the appendages.
Value for the appendage factor typically vary from 1.0 to 3.0.

The appendage resance is calculated as follows:

i

-1 2
Rappendage 2 p water Aappendage I/boat f;lppendage Cf

Wherep,ateris the water density and,..;is the vessel speed. The skin friction
coefficient,C;, is calculated from the | TTC657 f orn
length to calculate the Reynolds Number.

Data Validation

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

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

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

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

Please refer tAppendix B Applicability sectionDimensionson pageb2 for details of
the valid ranges for the different analysis methods.

Also seeEntering Dataon paged
Specifying Speed Range

Once the prediction methods have been chosen, the spardshich the analysis is to
be carried out need to be set. To 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_Di_j
M aximum 20 kts Cancel
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o Enter the minimum speed
o  Enter the maximum speed

u  Click on the OK button

Viewing Results

For the regression analysis 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 aftdvieg the analysis, sédsing the slender

Body Methodon pagé€l8 for more information.

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

Results Graph
A graph of the results will appear in the Results Graph window.

|Hesistance vs Speed j

2007
1751

N
-
K on
(,?Iﬂ

Resistance k
- o
‘-?' (=]

2]
<

251

Speed kts

0 04 02 03 04 05 06 07 08
Froude Number
Slender body = 34.966 kN Speed = 11.389 kts

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 waw.

Double clicking on the graph will bring up a table with all the graph data points.

The type of graph displayed can be changed by selecting Graph Type from the Display
menu.
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Select Graph Type 3]

Graph D ata:
* Fesistance / Speed
" Pawer / Spead

Croefficient / Speed:
" C_tatal

O C_residuany
O C_wave

" C_friction
" C_wiscous
- Cancel

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

Alternatively this can be done by selecting the required component from traopurl
list in the Graph toolbar:

Graph 5]
|Viscous Rezistance Coefficient vz Speed j

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

Method Rr | Rg 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
Blount and Fox yes |yes | no yes no yes |yes |yes |yes
Lahtiharju yes | no no no no yes |yes |yes | no
Holtrop yes |yes |yes |yes TT%°lyes |[yes [yes [yes |no
Compton yves [yes [no |[yes ""°%no |yes [yes [yes |no
Fung yves [yes [no |yes ""°%no |yes [yes [yes |no
van Oortmerssen yves [yes [no |[yes ""°%no |yes [yes [yes |no
Series 60 yes | yes | no yes no yes |yes |yes | no
Delft I, 1l yes |yes | no yes no no yes |yes | no
Delft 1 yes |yes | no yes no no yes |yes | no
Slender Body yes |yes |yes |[yes "% yed |[yes [yes [yes |no
Table notes:

The ATTC647 (Schoenherr) fricti:

2

1 . 0.242

surface areais use@; =| ———

|:|0910(Recf):|
2. The Holtropwae r esi st ance also contair
) components

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

value.
4: Uses alternative friction let C; = 0.083 5

by (R)-1.65°
Uses | TTC657 friction Iline, but
length: 0.7 lep

If the user specified form factor is negative, the slender body method u
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the form factor as calculated by the Holtrop method.
0.075 : ,
| TTsg¢oUses the | TTCESr—+F++—<€tg on |ine:
l)glO(Re)_z_

Rr Total resistance; either expressed as+ Rz + Re + Reor + Rapp + Rair
or RT= RW+ RV + I'-\’Cor'}' RApp+ RAir

Rr Residuary resistance; total hydrodynamic resistance less skin friction
resisance. Does not includecR Rapp Or Rair

Rw Wave resistance; resistance due to energy input into the generation of fre
surface waves.

Re Friction resistance; skin friction of equivalent flat plate area, typically uses
| TT CO0 5modd doirefationine or Schoenherr friction line.

Ry Viscous resistance; skin friction viscous resistance plus allowance for 3D
effects of the hull. Typically by the use of a form factor (1+k). In this cgse
(1+K) Re

Reor Correlation allowance resistance; aduhal resistance for correlation from
model to ship scale

R app Appendage resistance; resistance of appendages such as rudder, etc.
R air Air resistance; wind resistance of abewater hull and superstructure

db Running Trim vs Speed.

Using the slender Body Method

This analytical method is based on thecatied slender ship or slender body method. It
computes the energy in the free surface wave pattern generated by the velseatand

the wave resistance of the vessel. To calculate the total resistance, Hullspeed calculates
and adds the viscous resistance component
calculation method and the specified form factor.

The following section explas how to use the slender body method provided in
Hullspeed to compute the resistance of both mand multihull vessels. The

information given here also applies to the calculation of the free surface wave patterns
described later in this manual sinceytuse the same theoretical basis.

In this section:
e Model Validation

e Calculating the Slender Body Resis _tance

e Slender Body Analysis Geometry

e Calculating the Form Factor

Model Validation

Except for the wetted surface area, the input data for the slender body method is not
displayed in the inputable 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 mére number of
sections used can be increased for greater accuracy, though this will increase the
computation time. Particular attention should be paid to the mesh of multihulls and
vessels with transom sterns. See the following sections for more details.
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It is also recommended to read the papers on the slender body method listed in the
Bibliographyon page46. The following section can be used as a guideline:

The slender body methodsasnes 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 practice, good results can be obtained for slenderness ratios of around 5.0

to 6.0. | f t heberwseesused|the minifumcslenderness tato to

which the method is applicable also reduces. The maximum Froude number for
which sensible results can be obtained d
It has been found that, for very slender vesstén(lerness 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 may be applied equally well to round bilge

and chine hull forms. Hulls with transom sterns are dealt withubgmatically

adding a Avirtual appendageo. This metho
(1996).

Also see:
Appendix B Applicabilityon pagesl

Calculating the Slender Body Resistance

After making sure that the vessel can be analysed with the slender body method,

u  Select the Slender Body Method in the Methods dialog from the Display
Menu

u  Specify the form factor, see below for explanation

This method islower than the regression (ranalytical) methods in Hullspeed, and so
is not automatically calculated. To calculate the resistance,
i Select Analysis | Solve resistance analysis or use the solve toolbar button
o

This will calculate a mesh on the Maxsaurface and calculate the resistance.

Form Factor
The form factor to be used for the slender body analysis can be specified in the

Methods dialog. If a form factor of lefisan zero (hegative) is entered, the
Holtrop and Mennen formulation for form factor will be used.

This method uses the Maxsurf hull surfaces directly, so a full model is
required and changing the measurement parameters, other than wetted

the Graph window.

Slender Body Analysis Geometry

The analysis mesh fortlsel ender body analysis can be dis
in the Display menu.
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Slender body mesh (orange grid) for MORC sample model

If the vessel type (monohull, multihull) has been correctly setup in Maxsurf, the

geometry should be correctly integped by Hullspeed. The mesh is a series of sections

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

is symmetrical abouhte | oc all hul | centreline; for exar
mesh consists of one mesh that is symmetrical about the demihull centreline and

mi rrored about the catamarands centreline.
symmetrical about itewn 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 slender body mesh
which blends all the waterlines back into the local centreline; this can be seen in the
image abog. SeeModelling the Transoron page22 for more information.

Slender Body Geometry i Video

= View avideoshowing how to set up a model of a Catamaran in Maxsurf, so that it is
correctly 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
selecting ASB Analysis Geometryo from the
table containing one row for each mesbup; you need one group for each individual

hull in the model:

Slender body analysis geometry ®
Long. Trans. Vert. Aft | Fwd (A Add Open
Hame Contours| First section | Surfaces | Hum. of contour|Hum. of point| Mirror offset| origin origin origin m m r
1 [Defautt Section  Section i Defautt No 0.000 0.000 0000§1.105§ 51193 -0 Delete Save

[ Apply skin thickness

> Cancel
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Dialog for definition of slender body groups

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

Colour:
The colour the mesh is drawn



https://www.formsys.com/maxsurf/videos/new-in-version-12/new-analysis-features/hullspeed-slender-body-geometry#S-lqh5dD2D5qVIu0eJ1XWg
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Surfaces:

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

to select which surfaces shoudd 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 will be asked if you want to automatically set the bounding

box to the select@ddwsuidf asaedest h€l ibokiinmg nii
rectangular extents of a box containing the selected surfaces.

Group Surfaces SJ

Group Surfaces Select Al
huall Select Mone
npl-hull
keel

J Copy af npl-hul

J Copy of keel

Hullspeed

P

H‘_./ Do you wish ta set the default bounding box For these surfaces?

Cancel YEs Mo

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

Num. of contours:

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

Trans. origin:

This is used as the local hull centreline. For monohulls this should be zero, for
multihulls this should be the local symmetry plane / centreline of the individual
hull. For example, for a catamaran this is the transversaqgrositthe demihull
centreline.

Aft, Fwd, A port, A starb, A top, A bott, F port, F starb, F top, F bott:
The last 10 columns define a longitudinally prismatic (or tapered) box which
defines the boundanyf the mesh. The definition of the bounding box is similar to
the way tanks are defined in Hydromax: the Aft and Fwd columns define the
longitudinal aft and forward extents of the box, the A port, A starb, A top and A
bott columns define the port, starboaiwp and bottom extents of the box at the
aft plane. The corresponding four columns prefixed with F, can be used to define
a tapering box with different port, starboard, top and bottom extents on the
forward plane.

Open and Save buttons:

The data in the dialog can be saved and retrieved using the Save and Open buttons
in the dialog. This can be useful if you have customised the slender body mesh
definition and want to be able to retrieve it easily.

Furtherinformation on this dialog can be found in the Hydrolink manual in the Shipflow
export section
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Modelling the Transom

The slender body mesh is created by calculating the hull surface offsets on a regularly
spaced grid o$ections and waterlines. Mesh points which fall off the hull surface are
given an offset of zero and remain on the hulls centreline. For the slender body theory,
the mesh must start and finish with waterlines that lie on the centreline, i.e. the bow and
stern sections must have all points at zero offset. (It is possible to remove this
requirement for the stern by applying a transom correction).

Hullspeed deals with transoms in a special manner; the mesh is brought back to the
centreline plane behind theormd e | by applying a fAvirtual
attached to the transom. This method was found to give good results for monohull and
catamaran forms with transom sterns (Couser 1996, Couser et al 1998).

Mesh layout for the stern of a canoe-bodied hull without transom +Mesh follows hull

Mesh layout for a hull with a transom +Artificial closure of mesh behind transom using a smoothly attached
SYLUWXDO DSSHQGDJH"

The Avirtual appendaged can be remoged
box end just after the end of the transiosee below:

apf

by
























































































































