An approximation method for the wake
wash of planning monohulls

J.A. Keuning
and D.B. Visser

Report 1241-P November 2000

Presented at the International Conference

Hydrodynamics of High Speed Craft Wake
Wash & Motions Control, November 2000,
London, RINA, ISBN 0 90 30 55 62-7

TU Delft Faculty of Design, Engineering and Productiony

Department of Marine Technology
Delft University of Technology Ship Hydromechanics Laboratory



INTERNATIONAL CONFERENCE

HYDRODYNAMICS OF
HIGH SPEED CRAFT

WAKE WASH & MOTIONS CONTROL

7 -8 NOVEMBER 2000, LONDON

PAPERS

THE ROYAL INSTITUTION OF NAVAL ARCHITECTS

10 UPPER BELGRAVE STREET, LONDON, SW1X 8BQ Telephone: +44(0)20 7235-4622




RINA

INTERNATIONAL CONFERENCE

HYDRODYNAMICS OF HIGH SPEED CRAFT:

WAKE WASH AND MOTIONS CONTROL

on

7 - 8 NOVEMBER 2000 LONDON

© 2000 The Royal Institution of Naval Architects

The Institution is not, as a body, responsible for the opinions
expressed by the individual authors or speakers

THE ROYAL INSTITUTION OF NAVAL ARCHITECTS
10 Upper Belgrave Street

London SW1X 8BQ

Tel: +44 (0) 20 7235 4622

Fax: +44 (0) 20 7259 5912

ISBN No: 0903055 62 7







6*

CONTENTS

SESSION | - WASH, OPERATIONS AND OPERABILITY

WAKE/WASH - AN OPERATOR’S VIEWPOINT - PASSAGE
PLANS AND RISK ASSESSMENT
by Captain Chris Cain, STENA Lines Limited

SEX, LIES AND WAVE WAKE
by Greg Cox, Kamira Holdings Pty Ltd..

WAKE WASH RISK ASSESSMENT OF HIGH SPEED FERRY
ROUTES - A CASE STUDY AND SUGGESTIONS FOR MODEL
IMPROVEMENTS

by Henrik Kofoed-Hansen, Thomas Jensen, Ole René Sgrensen and
Jesper Fuchs, DHI Water & Environment, Horsholm

AN ASSESSMENT OF WAKE WASH REDUCTION OF FAST
FERRIES AT SUPERCRITICAL FROUDE NUMBERS AND AT
OPTIMIZED TRIM

by Stan Stumbo and Larry Elliott, Washington State Ferries, Kenneth
Fox, Fox Associates, Water Transport Consultant

iIN THE WAKE OF WASH RESTRICTIONS
by Mats Feldtmann, Optimar Inc.

SESSION |l - WASH AND MODEL TESTS

SOLITON AND WAVE WASH GENERATED BY A CATAMARAN IN
SHALLOW WATER
by Tom Dinham-Peren, BMT Seatech

A STUDY OF THE LEADING LONG PERIOD WAVES IN FAST
FERRY WASH

by Professor T J T Whittaker, Professor of Coastal Engineering, The
Queen’s University of Belfast, R Doyle and B Elsasser, Research
Assistants, The Queen'’s University of Belfast

ENVIRONMENTAL IMPACT OF FAST FERRY WASH IN SHALLOW
WATER

by A K Bell, Senior Partner, Kirk, McClure Morton, B Elsaesser,
Research Assistant, The Queen’s University of Belfast, and Professor
T Whittaker, Professor of Coastal Engineering, The Queen’s University
of Belfast

WHEN IS LOW WASH LOW WASH? — AN INVESTIGATION USING
A WAVE WAKE DATABASE

by G J Macfarlane and M R Renilson, Department of Naval
Architecture and Ocean Engineering, Faculty of Maritime Transport
and Engineering, Australian Maritime College, Launceston, Tasmania.

(UK)

(Australia)

(Denmark)

(USA)

(USA)

(UK)

(UK)

(Australia)




10

11

12

13

14

15

16

17*

18

SESSION Iil - WASH, THEORY AND COMPUTATION

NUMERICAL WASH PREDICTION USING A FREE-SURFACE
PANEL CODE
by Hoyte C Raven, Maritime Research Institute Netherlands (MARIN)

WAVE-FREE RIVER-BASED AIR-CUSHION VEHICLES

by Lawrence J Doctors, School of Mechanical and Manufacturing
Engineering, University of New South Wales, Sydney, and Alexander
H Day, Department of Naval Architecture and Ocean Engineering,
University of Glasgow

AN APPROXIMATION METHOD FOR THE WAKE WASH OF
PLANING MONOHULLS

by Dr J A Keuning and D B Visser, Delft Ship Hydrodynamics
Department, Delft University of Technology

THE PREDICTION OF SHIP GENERATED NEAR-FIELD WASH
WAVES USING THIN SHIP THEORY

by A F Molland, P A Wilson and S Chandraprabha, School of
Engineering Sciences, Ship Science, University of Southampton.

SESSION IV — SEAKEEPING AND CONTROL

SIMULATION OF TRANSVERSE MOTION AND DYNAMIC
STABILITY FOR HIGH SPEED PLANING CRAFT
by Lixin Xu and Yung S Shin, American Bureau of Shipping.

SCALE EFFECTS ON FOILS AND FINS IN STEADY AND
UNSTEADY FLOW

by F van Walree and H R Luth, Maritime Research Institute
Netherlands (MARIN)

MOTION RESPONSES OF HIGH SPEED VESSELS IN REGULAR
AND RANDOM WAVES

by Yonghwan Kim, Research Department, American Bureau of
Shipping, and Kenneth M Weems, Ship Technology Division, Science
Application International Co.

A COMPARATIVE STUDY OF 3-D - FREQUENCY DOMAIN AND
TIME DOMAIN APPROACHES TO HYDRODYNAMIC LOADS AND
RESPONSES TO HSC

by Professor D Vassalos, Ship Stability Research Centre, University of
Strathclyde

FREQUENCY-DOMAIN MODEL OF FAST FERRY VERTICAL
MOTIONS

by Segundo Esteban, Jesus M de la Cruz, Jose M Giron-Sierra and
Bonifacio de Andres, Dept. Arquitectura de Computadores y
Automatica, Universidad Complutense de Madrid, and Luis Grau,
Dept. Informatica y Automatica, Universidad Nacional de Educacion a
Distancia

(Netherlands)

(Australia)

(Netherlands)

(USA)

(Netherlands)

(USA)

(Spain)



19

20

EXPERIMENTAL RESEARCH AND MEASURES TO REDUCE THE
WASH GENERATED BY HIGH SPEED MOTORBOATS IN VENICE
by Paolo Canestrelli, Municipal Administration of Venice, Sergio
Vazzoler, National Research Council, Venice, and Igor Zotti, Dept.
DINMA, University of Trieste.

EXPERIMENTAL PRESSURE INVESTIGATION ON A HIGH-SPEED
CRAFT IN WAVES

by Karl Garme and Anders Rosén, Division of Naval Architecture,
KTH, Stockholm.

AUTHORS’ NAMES AND ADDRESSES

*Paper not available at the time of printing

(Italy)

(Sweden)







PAPER NO.12.

AN APPROXIMATION METHOD FOR THE WAKE WASH OF PLANING MONOHULLS

by J A Keuning and D B Visser, Delft Ship Hydrodynamics Department, Delft University of Technology

\

Paper presented at the International Conference

HYDRODYNAMICS OF HIGH SPEED CRAFT:

WAKE WASH AND MOTIONS CONTROL

7 - 8 NOVEMBER 2000 LONDON







Hydrodynamics of High Speed Craft: Wake Wash & Mot/'dns Control
7 - 8 November 2000, London

AN APPROXIMATION METHOD FOR THE WAKE WASH
OF PLANING MONOHULLS

J A Keuning and D B Visser
Delft Ship Hydromechanics Department
Delft University of Technology

SUMMARY

In this paper an attempt to develop an approximation method for the wake wash of planing monohulls is presented.
Since no mathematical tools were available for the calculation of the waves generated by monohulls travelling at such
high forward speeds, this approximation method would consist of a set of empirical polynomial expressions. The
cosfficients of these expressions have been determined using the results of wake wash measurements carried out in
Delft University of Technology's towing tank with a selection of models belonging to the Delft Systematic Deadrise

Series (DSDS).

The intention of this research project was to establish whether such an approach could lead to reliable results by means
of which a suitable general design tool for fast planing monohulls with respect to the wake wash could be obtained. The
results of the model testing, the analysis and some rudimentary validations are discussed in this paper.

NOMENCLATURE

L length over chine
beam over chine

T draft at ord. 10 divided by the height of the chine
at ord. 10, in %

§ deadrise angle midship

the instantaneous volume of displacement,
dependingon 8 and z

LCG longitudinal position centre of gravity
projected chine area

LCA, longitudinal position centroid of chine area

P
A, submerged transom area

z sinkage/rise of centre of gravity, relative to “zero-
speed condition”

V,  forward speed of the vessel

] running trim ( relative to horizontal position )

H typical wave “height”: max. crest-to-trough value
T typical wave period: period of wave with “height”
1. INTRODUCTION

Since some time now the wake wash of high speed craft
has become a problem in particular on inland or confined
waterways. Due to the general trend of an increasing
design speed for all kinds of Patrol Vessels and more in
particular of Fast Ferries the wake wash problem has
drawn considerable attention over the last five years.
With increasing frequency designers, builders and
operators of these craft are confronted with gquestions
about, complaints over and restrictions placed upon the
wash generated by their vessels.

The Fast Ferry market consists to a large extent of
Multihulls, but the Patrol Vessel market still consists to a
large extent of various planing or semi-planing
Monohulls. This is probably due to their relative
“simplicity” and reliability, which is also reflected in their
building- and operational costs. This meant that for all
kinds of work boats, harbour launches, police patrol- and
customs-boats, pilots-launches etc, which are all
intensively operated on confined inland waters, a need
was felt to have a design tool available to be able to
optimise new designs for minimal wake wash.

For the fast planing monohulls no reliable mathematical
tool was available for predicting the waves generated at
these high Froude numbers. So the question was raised
whether an empirical approach could yield a reliable and
efficient alternative. At least for the time being. Such a
new approximation method should be capable of
predicting the trends in wake wash development with
respect to hull parameters correctly and so be usable as
a design tool.

Over the last decade in the design of fast planing hulls
extensive use has been made of the approximation
method for the resistance, the running trim and the
sinkage of these hulls at speed as developed by the
Delft Ship Hydromechanics Department. This approxi-
mation method is an empirical model based on the
results of the Delft Systematic Deadrise Series (DSDS).
This DSDS is a large systematic series of planing hull
forms in which the Length-Beam ratio (L/B), the Length-
Displacement ratio (L/ Vm), the Deadrise angle of the
planing bottom (B) and the Longitudinal position of the
Centre of Gravity (LCG) has been systematically varied
and the resistance (R), the running trim (8) and the
sinkage (or rise) of the Centre of Gravity (z) has been
measured over a large range of forward speeds covering
the planing- and the semi-planing speed range and in
particular the so-called “hump” region in the resistance
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curve of the various models. All data thus obtained was
regressed to obtain a set of coefficients of three speed
independent polynomial expressions yielding the resist-
ance, the running trim and the sinkage of an arbitrary
design.

An extension of the experiments carried out with the
DSDS was set up with the intent to include now
measurements of the wake wash generated by a small
selection of the same models in the DSDS. This offered
the opportunity to construct a consistent approach for
both expressions, i.e. one set of expressions to
approximate the resistance, sinkage and trim and a
second set of expressions to approximate the wake
wash using those data. Additional benefits were hoped
to be gained because all expressions were derived from
the data obtained from the same towingtank models.

So which models to choose? A dependency may be
assumed to exist between the (wave making) resistance
of the planing hulls and the actual waves they are
generating: a hump in the resistance curve at a certain
speed will probably also lead to a hump in the wake
wash generated. The hullform parameters that have
been varied within the DSDS were: /B, AV LCG
and B and the measured quantities at speed were: Rt
z and 6. So when selecting the models to be used in the
wake wash experiment careful consideration went into
determining which parameters appeared to influence the
shape of the resistance curves most significantly.

At this moment there is no clear consensus or definition
of how exactly the wake wash should be described and
therefore measured. The wake wash of a planing hull is
a complex system of waves varying in height and length
as well as in direction of travel. Which quantities of this
system precisely determine the hindrance inflicted on
other moving or moored vessels or cause erosion of
shore sides etc is still a subject of investigation. At the
Delft Ship Hydromechanics Department a dedicated
research project on this issue has just been started. For
the present research however some manageable
definition had to be used. So from literature and the
experience obtained from full scale measurements of the
wake wash generated by fast ships it was found that
some maximum waveheight (H) in the wash should be
determined and also the period (1) of the associated
wave.

The most important parameters influencing this maxi-
mum wave height (H) in the wake wash of planing ships,
when considering one constant forward speed, were
considered to be the actual volume of displacement of
the hull (V) at that speed, its /B ratio, its deadrise angle
B and the resulting sinkage z and trim 8 at that speed.
The associated wave period © was considered to be
primarily dependent on the forward speed of the vessel

(V).

So this became the basis for the derivation of the
empirical approximation method for the determination of
the wake wash of planing hulls.

The idea behind the setup of the approximation method
for the wash was as follows: based on the approxima-
tion method developed earlier for the resistance, the

sinkage and the trim of a planing hull (as presented in
the earlier publications Ref. [1] and Ref. [2]), for any
design within the validity range of the DSDS, it is
possible to determine the “attitude” which that particular
boat will actually take on in the water at any given
forward speed. Using that “attitude”, the associated
volume of its displacement and some of its hull shape
parameters it should be possible to determine the wave
height in the wake wash. This is calculated with a set of
speed independent polynomial expressions of which the
coefficients are obtained by performing regression on a
data base giving for a large number of forward speeds
the maximum wave height in the wake wash and the
associated wave period determined using the same hull
shape parameters (such as the L/B ratio and the
deadrise angle B) and the same parameters describing
the “attitude” of the model (i.e. the immersion at midship
and its running trim ).

To establish this necessary data base an experiment has
been set up and carried out in the Delft towing tank with
a number of models along the DSDS line of design.

2, THE EXPERIMENT
2.1 THE MODELS

Because the purpose of this research project was to
establish whether the proposed approach to develop an
empirical model would yield the desired results it was
decided to use only a small selection of the models
available in the DSDS for the wake wash measurements.
When the approach followed in this study proved
successful an extension could be planned.

The most relevant hull shape parameters were consider-
ed to be the L/B ratio and the deadrise angle B. Within
the DSDS four parent models have been used with
deadrise angles of 12.5, 19, 25 and 30° respectively. So
to cover the range of the most frequently used deadrise
angles for planing boats on the inland water ways (no
severe wave climate) only the first three parents were
chosen.

To investigate the influence of the L/B ratio on the wash
for each parent model two additional L/B ratios were
chosen, yielding L/B = 4 as for the parent and two extra
to be the L/B = 3.0 and the L/B = 7.0. This resulted in 9
models in total to be constructed. Due to limited time
available only 5 of these have actually been tested so
far. A short summary of the main particulars of these
models is presented in Table 1.

A small scale presentation of the hull shapes of these
five models can be found in Fig. 1 on the next page.

From these sketches, as well as from Table 1, it can be
seen that the model with length-beam ratio L/B = 3 has a
smaller length over the chine than the other models: i.e.
a chine length L = 0.78m against a L = 0.94m for the
others. In the results and the analysis all data obtained
from the model tests have been scaled to the same
model length, i.e. a chine length of 0.94m, in order to
make them immediately comparable to each other. All
scaling has been done using the model law of Froude.
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TABLE 1

Model 125-4 19-3 19-4 19-7 25-4
Deadrise angle midship ( deg ) 12.5 19 19 19 25
Length over chine (m) 0.94 0.78 0.94 0.94 0.94
Beam over chine (m) 0.234 0.260 0.234 0.134 0.234
Projected chine area Ap (m?) 0.1463 0.1667 0.1463 0.0855 0.1463
Centroid of AF aftord. 10 (m) 0.0224 0.0338 0.0224 0.0225 0.0224

]

N2

N7

- — @
= @

524

|

' Fig. 1 Hull shapes of the five DSDS models used in the present study
{
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2.2 THE EXPERIMENTAL SET UP AND
MEASUREMENT SCHEME

The experiments have been carried out in the
#1 towing tank of the Delft Ship Hydromechanics
Laboratory. The dimensions of this tank are: length 145
meter, width 4.25 meter and water depth 2.5m. The
maximum attainable speed of the towing carriage is 7.0
m/sec.

The physical dimensions of the towing tank used for the
measurements, more in particular the width of this tank,
and the intention to measure the wake wash at a
customary distance from the centreline of the model ( the
track of the model ), corresponding to the distance often
stipulated in the requirements from the authorities, more
or less determined the size of the models. This resulted
in an overall length of about one meter. Although
considered small for regular experiments the wake wash
measurements were considered not to be very sensitive
to scale effects, since the wake wash is considered to be

primarily driven by gravity effects and viscous effects are
not of prime importance.

Also a scale ratio is not of real practical importance in
the present investigation, because all the results have to
be non-dimensionalised to make them generally
applicable. However considering for instance a scale of
1:16 would imply a full size ship with a length of 16m, a
forward speed used during the experiments ranging from
4.0 m/sec (8 knots) to 20 m/sec (40 knots) and wash
measuring at a distance from the centre line of the ship
of about 30m. To increase the information about the
way the wake wash wave height diminishes with the
distance from the centreline it was also decided to tow
the model “off-centre” in the towing tank allowing more
distance between the track of the ship and the wave
height measurement devices. So three waveheight
measurement devices have been used during the
experiments and the layout of their arrangement in the
towing tank with respect to the model (and its track) is
depicted in Fig. 2.

150

M5

20644
7

1
14105

£64

1347.8

Fig. 2 Layout of the three wave height measurement devices with respect to the model and the tank wall

The models were rigidly attached to the towing carriage
by means of two vertically adjustable rods connected to
the models with hinges at their lower ends. One of the
hinges was placed on a sliding track. Through careful
adjustment of these rods both the immersion of the
model at the midship section (at zero forward speed) and
the trim angle could be applied and adjusted with a very
high level of accuracy.

During all tests video recordings were taken from the
model passing the array of the wave height measure-
ment devices. These video recordings were, among
other things, used to determine the exact moment (i.e.
the time interval after the model passed the wave height
measurement devices) at which the waves that were
reflected from the tank side walls, interfered with the
wake wash measurement itself. All wave height
recordings were ended before this happened.

The wake wash measurements were carried out with
each of the five models towed at 7 different forward
speeds and at each of these speeds in a range of
“attitudes” resulting from all possible combinations from
four different immersions at the midship cross-section (
draft relative to height of the chine at ordinate 10 ) and 5
different pitch angles @.

Rise and sinkage were simulated by setting the draft
at 60%, 90%, 120% and 150% of the chine height
respectively and the running trim was varied by setting
the pitch angle at -1, +2, +5, +7.5 and +10°, respectively,
where a minus sign means “bow down” and a plus sign
means “bow up”. In order to minimise the number of runs
highly unrealistic combinations of this “attitude” and the
forward speed have been omitted (for instance bow
down at high speed). Even so this yielded a total of
about 350 runs.
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The number of runs that could be carried out during a
day in the towing tank was rather limited because the
time interval needed between twe measurements was
quite long. This was caused by the fact that the water
surface had to be absolutely flat again before beginning
a new test run because the waveheight to be measured
was sometimes small and the normal procedure to
“sweep” the waves by the carriage on its way back could
not be used due to the presence of the array of wave
height measurement devices. In particular the longer
components in the “left over” waves and the transverse
waves in the tank took a long time to damp out. Standard
procedure during the tests was to wait until less than one
millimetre residue wave height was left and preferably
with a period longer than two times the registration
length of the measurement itself.

Before beginning the actual measurements it was
decided first to determine the waves generated on the
water surface of the tank by the passage of the towing
carriage itself without a model attached. '

Due to the physical construction of the (any) towing
carriage some kind of pressure field over the water
surface is inevitable when the carriage is travelling at
speed. This will cause a surface elevation, i.e. a wave,
travelling with the carriage speed. When this “carriage
generated” wave was measured it appeared to be too
big to be simply ignored. Therefore this wave has been
measured for all speeds used during the experiments.
Typical examples of registrations of this “carriage
generated” wave are presented in the next two figures
(Figs. 3a and b).

run 2,0_2

6 >
- Pulse
E
E 2 -
5 0 o M" W /I\\
- a5 40 45 50
> 2
(0]

-4

-6

time since start run [sec]
Fig. 3a Water surface elevation due to carriage ( without model ), 2.0 m/sec
run 5,0_2 1

6 |
s @
E 2 Pulse /\
® 1 20 25 30 B
>
L
o

: —7
J/

time since start run [sec]

Fig. 3b  Water surface elevation due to carriage ( without model ), 5.0 m/sec

The exact moment at which the midship cross-section of
the model passed the wave height measurement devices
was electronically marked on the time registrations of the
wave height measurement devices by means of a pulse
shaped signal. This was done both during the tests
without the model, registering the “carriage generated”
waves, as during the actual wake wash measurements,
i.e. with.the model attached. By doing so the later wave
registration could be corrected for the disturbance waves
to yield the actual wake wash. A sample of this
procedure is shown in Fig. 4 for one of the highest
speeds. All measurements have been corrected using
this procedure.

The time histories of the wave height recordings from the
three wave height measurement devices corrected using
the procedure as described above have been “cut to
length” (in time) eliminating any reflected wave
disturbances using the video recordings.

Due to the large amount of data to be handled an
automated procedure has been adopted to determine
and register the maximum wave height in the wakewash
and the associated wave period in these recordings.
The way the automated process works is depicted in
Fig. 5.
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Fig. 4 Correction of the wake wash measurement for the “carriage-generated wave”
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In contradiction to earlier measurements carried out
measure has been taken of the maximum distance
occurring between a successive crest and trough to yield
a characteristic “wake wash wave height’, instead of
determining the maximum positive and negative wave
amplitude (which are not necessarily successive!). This
is done as shown in Fig. 5. The time passing by between
the crest and (successive) trough (which together yield-
ed this highest crest-to-trough value) has been doubled
to yield the associated “characteristic wave period”. In
addition two other periods in the wake wash registration
have been determined also. This was done from the
registrations by hand, i.e. the period of the “first’ and
“second” wave occurring in each registration. Because
all of these “hand-measured” periods were of the same
order of magnitude as the “characteristic” period
mentioned above, it was decided that they would not be
further elaborated in the present analysis (for now).

Because the goal of the present study was to study the
feasibility to develop an approximation method for the
wash of “any” planing vessel, all quantities obtained from
the measurements had to be non-dimensionalised to
make them generally applicable.

So the forward speed of the model is expressed as a
Froude number related expression. In planing boat
hydrodynamics it is customary to use the cubic root of
the volume of displacement V at zero forward speed as
the “characteristic length” in the Froude number instead
of the waterline length because this waterline length
shows large variation under speed. In the present
analysis however the chine length L has been used
because this “zero speed design displacement” of the
models used is not known as a parameter. The Froude

number therefore reads: Fn = V¢ / (Vg.L).

Whether the wave height H in the wake wash should be
non-dimensionalised using the chine length L or the
cubic root of the volume of displacement V of the model
(or possibly even the square root of the projected chine
area A, ) has been (and still is) subject of discussions
because there is rational for a supposed relation with all
of them.

In the present study however first non-dimensionalising
the wave height with the cubic root of the volume of
displacement is chosen. The only volume known of the
models in the experiments was the volume V in the
“trimmed 6 ” and “sinked z ” condition at zero forward
speed.

For each model in all conditions investigated this volume
has been calculated using the known hull geometry and
static waterline in those “attitudes”. This yielded the non-
dimensionalised “specific wake wash height”: Hv'™
(“wave height related to cubic root of displacement”).
When discussing the format of the polynomial expres-
sions also another non-dimensionalised wave height will
be discussed using the chine length as parameter. Due
to limited space available results of this will not be shown
now.

The best approach to non-dimensionalise the wave
period was considered to be multiplying it measured
period by the forward speed of the ship and dividing it by
the chine length L to yield the dimensionless “specific

wake wash period” 1. V /L.

3. RESULTS AND ANALYSIS

Most of the results of the measurements have been
plotted based on the Froude number. Because the
polynomial expressions, sought for in this study to
establish the approximation method, will be derived as
speed independent. This is not strictly logical but it gives
a good impression of wash development and
dependencies. The polynomial expression will be the
same for all speeds but the coefficients will be derived
for each individual speed and this approach vyields a
complete set of speed dependent coefficients.

To facilitate the determination of the relations to be
derived the specific wake wash height has been plotted
for each model (i.e. constant L/B ratio) with constant trim
8 and variable immersion at the midship section. A
selection of these results is presented in the Fig. 6 for
L/B=7 andin Fig. 7 for UB = 4 respectively.
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Fig. 6 “Specific Wave height” (H / V") versus “forward speed” (V,/Vg.L) for L/B=7.
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Fig. 7 “Specific Wave height" (H/ V") versus “forward speed” (V, /Vg.L) for L/B = 4

The same has been done for the. associated wave in the Fig. 8 for LUB = 7 and in Fig. 9 for LB = 4
period and a selection of these results is presented respectively.
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Fig. 8 “Specific Wave period” (1. V¢ /L) versus “forward speed” VS/\/g.L )for UB=7
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Fig. 9 "Specific Wave period” (1. V/L ) versus “forward speed” ( Ve Ng.L) for LIB=4
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In Figs. 6, 7, 8 and 9 the different immersions are
represented by the differently marked lines in each plot.
“T = 0.6” means that the draft at ordinate 10 is about
60% of the chine height at ordinate 10, “T = 0.9” about
90%, etc.

From these figures the strong dependency of the specific
wash wave height on the L/B ratio is evident. A similar
dependency is found in the resistance. Also the influence
of the sinkage (increasing/decreasing immersion at the
midship section) and thus of the volume of the displace-
ment is obvious. The trim angle by itself, as it was ap-
plied during the tests, i.e. with constant sinkage, seems
to have less influence on the specific wave height.

When dealing with the set up of the desired polynomial
expressions for the specific wave height and specific
wave period the various options available became
evident. The decision on which parameters to use and
how to implement them in the expression should be
largely based on knowledge of the physics involved but
inevitably some ‘trial and error” will be used also. The
available time and the choices already made at the

theta=2, T=09

¢ moasured
-i#i——calculated §

beginning of this project when deciding on the set up of
the experiment for the generation of the database
however play an important role also. The supposed
relation between the resistance of the planing hull and its
wave formation led to the selection of the parameters to
be varied during the experiment. So those will also be
used for the polynomial expression.

The choices finally made on the parameters used and
the precise format will inevitably have an influence on the
end result. Because the length-beam ratio L/B, the
deadrise angle B, the trim 8 and the sinkage/immersion
are being varied during the model tests, it was decided
that all these parameters should show up in the expres-
sions.

From all the different plots of the results, however, it
should be concluded that for instance the wave period
looks almost linearly dependent on the forward speed of
the vessel and shows little to none dependency on any
of the other parameters involved. The first attempt to fit
such a relationship for the specific wave period already
gave sufficiently accurate results for a first approach.

theta=5, T=0.9

Fig. 10 “Specific Wave period” (. V¢/L ) versus “forward speed” ( Vg /g.L ) for L/IB=7
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Fig. 11 “Specific Wave period” (1. V, /L) versus “forward speed” ( V/g.L ) for L/B = 4
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To examine the goodness of fit between the polynomial
approximation of the specific wave period and the
measurements in the data base some comparisons be-
tween the two (measured and calculated) are presented
in Figs. 10 and 11. As can be seen from the figures the
expression to approximate the wave period is actually a

linear function of the form: . Vo/L = A, Fn

in which the coefficient A; has been determined at each
(applied) trim angle 8, using statistics software. This was
found convenient not because of any dependency on 8,
but merely because the number of runs per trim angle
was not by far the same for each 6.

Before a regression analysis could be made of the
specific wave height it had to be decided what form
the expression should have, which dimensionless
parameter was to be set as dependent variable etc. As
there is still no full understanding of the physics and
paramsters involved a few possible expressions have

The first expression is based on the relation between
wave height and volume of displacement as prime driver
and therefore yields the quantity H/V'® as a function of
the length-beam ratio L/B, the deadrise angle B, the
draft T at ord.10 relative to the chine length L, the trim
angle 8 and a quantity accounting for the submerged
transom area: A,/ A,, as follows:

3 13
H. 10°/v Ag+A,. (L/B)+A, B+A,

(Tog1o/ L)+ A . 8 + A, (A /A)

Again by means of statistics software the coefficients A e
A, A, A, A, and A have been determined, in this

case per Froude number, so that an explicit expression
is obtained at each (applied) forward speed.

The goodness of fit between the approximation by this
expression and the data base it self can be made clear
by comparing the measured values and the calculated

been studied. Two of these expressions will be =
R T values as has been done in Figs. 12 and 13.
| 180 160
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. |theta=2, T =09 ¢ e theta=5, T =0.9 il
\ —— calculated —— calculated
| 120 120
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| . //'\g,
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] 0 05 1 15 2 0 05 1 15
L
Fig. 12 “Wave height” (1000 x H/Vm) versus “forward speed” ( V, / VgL )forLB=7
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0 ‘ ( 0 : ; :
0 05 1 15 2 0 05 1 15

Fig. 13 “Wave height” (1000 x H / V**) versus ‘forward speed” ( V. /g.L) for LB =4
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It appears from these results, which are typical for all
other conditions tested also, that a reasonably reliable
approximation should be possible with such an
expression. The relation between specific wave height
and volume of displacement however is rather “clouded”
in this expression so it was decided to use another
expression as well, in which the wake wash wave height
is non-dimensionalised using the chine length.

So the second expression vyields the quantity as
representative for the “specific wake wash wave height”
H /L and approximates this as a function of the squared
length-beam ratio (L/B)z, the deadrise angle B, the
reciprocal of the ratio of draft T at ord.10 and chine

length L: (T,q,0/L)", the loading factor: A,/ V%' the
trim angle 8 and again A /A,. Again a speed independent
expression is used and the regression is carried out at a
number of Froude numbers, resulting in:

Ho10°/L = A, (L/B)®+A, B+A, (T,,o/L) " +

Ay AJV*? + AL 0+ A (100xA/A)

To visualize the goodness of fit of this expression for the
wave height to the data base the “calculated” and the
“measured” values of H/L are plotted together in figures
like Figs. 14 and 15.

40 40
theta=2, T=0.9 * il theta=5, T=0.9 & RN
—— calculated —— calculated
30 30
20 20
° 1 M
M\o /
0 . = 8 0 . : .
0 0.5 1 15 0 0.5 1 15
Fig. 14 “Wave height” (1000 x H / L) versus “forward speed” (V,/vg.L) for LB=7.
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' — caleulated ' ' — calculated
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° *
L / 4
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Fig. 15 “Wave height” (1000 x H / L) versus “forward speed” (V,/+g.L) for LB=4

As becomes clear from the figure associated with
LUB=7,06=2"and T=0.9 the largest deviations exist
where the (absolute) wave height is very small, probably
due to the fact that inaccuracy has the largest influence
in this part of the data base. Still there is reason to
believe however that this approach, with the volume of

displacement V as one of the independent parameters,
should give reasonably good results when used for the
approximation of the wave height.

An experiment to validate the results obtained for the
wake wash of a particular planing hull model has been
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started, but the measurement results will not be available
at the moment of printing of this paper, so only the
“calculated” results of the approach to approximate the
sinkage, the trim and the resulting wake wash of a
planing hull as described in this paper would be available
at this stage.

Yet to be able to give some validation and to show
that the proposed procedure actually gives reasonable
results that are valid (at least with respect to the
trends and dependencies) it was decided to produce
some results of calculations on an existing planing
hull.

Since drawings were available of a fast aluminum
tender-like vessel of which the wash had been measured
in the past during full scale measurements, it was
decided to see what kind of results the procedure as it
has been developed so far would give for this design.
The boat has roughly the following particulars:

L - 11.5m
B - 4m
T - 0.8m
vV - 15m’
B - 16°

V., max. 33kts

s

First some calculations were done with the DSDS based
approximation method for the resistance, the running
trim and the sinkage of this hull at speed, to get an idea
of the “attitude” it would take on at different forward
speeds and thus to get the input for the presently
developed wash approximation method.

Results of this wash approximation together with some
values obtained during full scale measurements are
presented in Fig. 16, in which the maximum crest-to-
trough values in [m] are plotted vertically and the Froude
number based on the chine length L is plotted
horizontally.

© measured
—>¢—calculated

0 0.25 0.5 0.75

Fig. 16 “True wave height” H (crest-to-trough, [m] ) versus “forward speed” ( V,/+g.L )

Clearly recognizable are the similar trends in the
measurements and the calculated values. It must be
taken into account though that the “attitudes” that were
obtained from the DSDS based approximation method
are not necessarily the same as those that were seen
during the full scale measurements.

Since the precise circumstances and “attitudes” of those
trials are not known, conclusions with respect to absolute
values should not be drawn at this stage. Until a good
validation is possible and an eventual extension of the
data base will have taken place it is recommended to
regard any obtained results merely qualitatively.

4. CONCLUSIONS

Although a good validation of the presented procedure
for the wake wash approximation method is not yet

12

available, it appears from the results presented so far
that a usable method may be obtained extending the
approach described. In any case a design tool for
determining the dependency of the wake wash on the
various design parameters seems to be feasible. An
extension of the data base used and the coupling to the
other approximation methods for resistance, sinkage and
trim also based on the DSDS seems likely to yield a
valuable design tool for planing monohulls.
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