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ABSTRACT

In reviewing the state-of-the-art in planing hull testing it was observed that the hulls tested cannot
be considered representative of the modern high-speed Small Craft. This is because the
length-beam ratio is too high for modern forms, the deadrise angle is not varied systematically,
and some series use dated or prismatic forms. A data base was generated containing general
information from several hundred recently-built boats in a length range from 15 to 85 feet and a
displacement range of 1,000 to 150,000 Ibs. The lines of several boats have been studied to
determine shape parameters for the parent hull and ranges to be covered by a series which has
been developed in this research. The series consists of 9 models with a systematic variation of the
length-beam ratio from 2.5 to 3.5 and deadrise angle from 12° to 24°. Weight displacements and
L location are as well varied systematically resulting in a total of 210 test conditions for the
series at 10 speeds each. The towing tank performance and instrumentation were validated by
testing a hull previously tested at another towing tank under the same conditions. All the
conditions tested are presented in tabular and graphical forms and recommendations for future

research are also made.

xXIi



10 INTRODUCTION

The research and design of planing hull forms is in no way a new topic in the nautical sciences.
For many years before boats capable of reaching speeds of 100 mph or more were conceived,
designers have been looking for hull lines, machinery and configurations that would allow higher
speeds while at the same time producing good seakeeping characteristics, to a point where power
boats, fast patrol crafts, recreational boats, rescue craft, fast fishing boats, and other planing boats,

are now common around any port, harbour or marina.

Designs have evolved greatly over the years and higher speeds can be easily obtained with the
combination of light-weight materials and power plants, as well as the propulsion systems
developed over the past 15 years. But information on the performance of planing hulls,
specifically experimental data, has not been studied systematically in recent years, or if it has, it

is not available in the public domain.

The absence of new published experimental data is the main reason for developing the present
research work, with the idea of supplying naval architects with qualitative and, if possible,
quantitative information on the calm water performance of typical modern planing hull shapes,

and in the future to study the seakeeping performance of these hulls.



1.1 PLANING CRAFT DEFINITION
Several definitions of a planing craft may be found in the literature, Mercier and Savitsky [1]
define a planing hull as a small, high-speed boat operating at Fn, greater than 2.0, with the
following characteristics:

a) transom stern ;

b) hard chines;

c) straight buttock lines in the aft section; and a

d) combination of load and centre of gravity position that will ensure positive trim and

complete emergence of the bow when planing.

At Fny less than 2.0, it is unlikely that full planing will be achieved. Hulls which run at these

speeds are commonly referred to as semi-planing or semi-displacement vessels.

Du Cane [2] defines planing craft as a vessel where the objective of the designer is to induce
planing by making use of the dynamic lift generated by the bottom of the hull running over the
water surface. Planing occurs when the speed is sufficient for the boat to move toward the surface
and the hull acts as a plane in some extent. True planing is the velocity condition at which the

flow separates from the transom and chines.



1.2 STAGES OF PLANING MOTION
Savitsky and Brown [28] consider four different stages in the motion of a high speed boat:
a) At zero or low speed the craft behaves as a displacement hull. The entire lift is

obtained by buoyancy.

b) When velocity and geometry result in C, = 0.5, the first evidence of dynamic effects
arise, the transom ventilates, i.e. a separation of flow on the transom occurs so the

transom is considered to be "dry", but the bow is still immersed.

) At 0.5 < C, < 1.5, the flow has separated from the forward half length of the chine,
while a considerable wet-side still exists for the aft half length. At this speed the vessel
is considered to be semi-planing. There is not a sufficient rise in the centre of gravity to

allow bow emergence.

d) When C, > 1.5, the planing boat develops a dynamic lift that results in a rise of the
center of gravity, positive trim, bow emergence and almost complete separation of flow

on the chines.

1.3 ACTING FORCES

Referring to Figure 1.1 for the coordinate system used throughout this work, according to Mandel
[20] every water-borne vehicle may be considered to be acting upon four independent forces as
shown in Figure 1.2:

i) Weight W. This force is generated by the gravity and is always parallel to z,.



ii) Buoyancy B,,. This is the force resulting from the amount of fluid displaced by the

hull, and will always have a direction parallel to z, in opposite direction to W.

iii) Thrust T. This is the force exerted by the vehicle’s propulsor. Its direction is a

function of the propulsion system and the vehicle orientation.

iv) Total hydrodynamic force F. This is the force exerted by the fluid on the vehicle. For
fluid-borne vehicles F may be resolved into the lift component L. normal to vehicle
velocity, and the drag component D, parallel to the vehicle’s velocity. Its direction will

be a function of the propulsion system arrangement, hull shape and vehicle orientation.

In the case of vehicles moving with constant speed and direction, the sum of the four acting forces
B, F, Wand T, as well as the moment of these forces on the vehicle must be equal to zero.
For slow speed displacement ships, W and B, are in the same order and in balance, so the ship
appears to be acting only by D and T. The weight W of slow moving vehicles is usually
supported almost entirely by the buoyancy component, and the lift contribution L is almost

negligible.

In the case of high-speed boats, the buoyancy component may become very small or almost
negligible depending on the speed, so the weight is supported greatly by the lift component L of
the total hydrodynamic force. However, this class of boats depends on buoyancy for support at
zero or low speed. This complicates the description of their hydrodynamic behaviour, so
performance prediction relies on experimental results as well as numerical methods derived from

the experimental results.



1.4 EXPERIMENTAL WORK ON PLANING BOATS

The towing of models to obtain performance data has been carried out by researchers for many
years, with different scopes of research, objectives and installations. Some of the work addresses
a wide range of boats, and other research is very specific designs or applications. Probably the
first reported work on planing hulls was done at the beginning of this Century, when floats for
hydroplanes were tested to observe their behaviour and to improve subsequent designs. Direct
application to planing boats did not begin until the 1930’s; Savitsky [27] outlined most of the
experimental and numerical work which was performed before the 1960’s. Much of this work had
very limited circulation, and it was not until the commonly-used document [27] was published,
that results of the early research were made available in the form of a method to predict the

hydrodynamic behaviour of planing hulls in calm water.

Recently Almeter [2] made a review of the-state-of-the-art of planing hull research, summarizing
the systematic series, as well as numerical and empirical methods, for mainly those developed
after 1960. The systematic series addressed in Almeter’s review and that are readily available are

now described.

1.4.1 SERIES 62
In 1963, Clement and Blount [7] presented the results for systematic tests on five planing boats.
The authors considered that the parameters affecting the performance of planing hulls are L/B
ratio, hull size and displacement, and L; location. The deadrise angle was not considered as a
varying parameter. The main particulars for this series are as follows:

B =125°

Borr = 65% of maximum chine beam



20< L/B <70
02< Fny, <60

00 < Ly < 12% aft A, centroid

Each model was tested at four displacements and four L; locations, with a total of 80 conditions
at several speeds. The results for resistance, sinkage, trim, wetted chine and keel length were
presented in graphical and tabular forms as well as a simplified prediction method. It is important
to quote part of the written discussions from the document because it contains some of the

reasons for developing a new series:

"The narrowed transom improves the performance in quartering seas, and reduces the tendency
to broach, but limits the engine space. It may be preferable to continue to the maximum beam to
the stern. The slamming tendency can be eliminated to a considerable extent by raising the run
of the chine, thereby presenting a deeper vee to the incoming wave. It is suggested to conduct a
test with the range of variables and model size, but on a series in deadrise of 5°, 10°, 15° 20° and
25°. This data is needed before the mechanisms of planing hulls can be fully understood. The

effect of deadrise angle is as important as the L/B ratio."

1.4.2 MODIFIED 62 SERIES

In 1982, Kuening and Gerritsma [19] performed a systematic test of identical models of the Series
62 but varied the deadrise angle from 12.5° to 25°. The idea of this experiment was to add data
to the original experiment. No attempt was made to use a more up-to-date model. Five models

were built and tested under the same conditions except for speed due to the limitation of facilities.



1.4.3 FRIDSMA’S ROUGH WATER TESTS

In 1969, Fridsma [12] performed experiments on motions of planing hulls in waves. The
experiments were carried out on a series of constant deadrise models,-prismatic hulls, and included
a calm water test of all the models, from where the test conditions for the rough water
experiments were selected. Unconventional forms were used because Fridsma considered that
incorporating a more realistic bow shape would throw another variable into the research and
would complicate the evaluation. The series covered the range:

40<L/B<6.0

0.0 < VAL <60

50.0 < L < 80.0% aft Station 0 (Fwd. end)

B =10° 20°and 30°

Nine models were built, and the results for the calm water experiments are presented in graphical

forms.

1.4.4 NAVAL ACADEMY SERIES

In 1986, Compton [9] tested a series of semi-planing hulls, consisting of six models, three with
round bilge and three similar models incorporating a hard chine. The main objective of this
experiment was to obtain a direct comparison of the behaviour of round bilge vessels with respect
to hard chine hulls. Although the series does not consider a wide range of models, parameters
such as L., displacement and velocity were varied systematically. The L; location was varied
from 45% to 35% of the length ;neasured from the transom, and three displacements per model.

The results were presented in a graphical form, and include resistance, trim and sinkage.



1.4.5 SERIES 65
This series was tested by Holling and Hubble in 1974 [15], and two different parent hulls were
considered. Series 65A was designed to investigate its application to hydrofoil hulls, and featured
a very narrow transom beam. Series 65B is a planing hull series that features constant deadrise
and constant beam in the aft section of the hull. This series was tested over a wide span of
displacements, L/B ratios, and deadrise angles, covering the ranges:

25 < L/B<95

2« B = 37

00 < G, <60

01 < G <17

The hull shapes were deep-vee, and results were presented in tabular and graphical forms.

1.4.6 SERIES BK AND MBK
According to Almeter [2], the BK series are a very extensive series tested in Russia during the
1960’s and oriented towards large patrol boats. The hull shape resembles the "PT" boats used by
the USA during the Second World War. The main parameters of the series are as follows:

375 <L/B<170

12° < B <21°

043 < G, <085

0.35 < Lg/Lyp < .45

1.0 < Fny <45

The MBK series was also tested by the Russians and, although it resembles the BK series in

approach and methodology, the parent hull is different and the series largely represent an addition

to the BK series.



The ranges covered by the MBK series were:

25 < LB <375

7° < B <18

0.158 < C;, < 0.352

035 < Lgg/Lyp <045

10 <Fny, <45
Clearly there is a great amount of additional experimental work published and unpublished on the
performance of planing hulls, such as [4], [5], [14], [16] and [24] among others. Furthermore there
must be a great amount of test data at research and experimental centres around the world that
may not be available for public domain. However, the research work described in Section 1.4

addresses the planing hull series most widely referred to in research and design.
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2.0 _SERIES DESIGN.

In reviewing the experimental work on planing hulls it is noted that the most widely addressed
series do not necessarily represent a modern small craft hull shape; Series 62 is typical of the
design of the 1960’s, with a narrow transom and relatively large L/B ratio. Modified Series 62
follows the same trend. Series 65B features deep-vee hull shapes and was tested with a systematic
variation of L/B ratio and deadrise angle, but low deadrise angle values were not considered.
Fridsma’s series can not be used in the design because it represents a prismatic, non-realistic hull
shape. The U.S. Naval Academy series may not considered to be a pure planing series. Finally,
with series MBK, low L/B ratio and low deadrise were considered. Furthermore, the hull shapes

were typical of boats designed a few decades ago.

For this reason it is believed that a new series for planing hulls is needed to aid designers and
researchers in studying the performance of this category of vessels. This conclusion was also made
by Almeter [6] who stated that the typical fast boat had 23° deadrise angle and recommended that

a new series be based on L/B ratio variations.

2.1 HULL PARAMETER DATA BASE.
To design the new series of planing hulls, recent hull design specifications and technical data were
collected from two main sources:

a) serials, journals and publications; and

b) nearly 50 boat designers and builders, who were contacted for data on their designs.
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The final data base contained a total of 306 boats, from 83 boat builders and designers, and hulls
in the range of 16.0 to 85.0 ft. (4.8 to 26.0 m) in length, displacements from 1000 to 150,000 Ib.
(0.5 to 70 tonnes) and speeds from 12 to 70 knots. All the designs are deep-vee hulls, and most
of them have constant beam and constant deadrise on the aft section of the hull. This is an

important characteristic of a modern planing hull shape.

Semi-displacement hull designs were also included in the data base, as were the fast and light
racing boats. This was done to cover both extremes during the analysis. The types of boats
considered were mainly: pilot boats, rescue vessels, fast patrol boats, pleasure boats, sport fishing

boats , ocean cruisers, yachts, and racing boats.

Two analyses were performed on the data base. At first the characteristics of boats with their

dimensional properties were considered. Secondly a parametric analysis was conducted.

2.1.1 DIMENSIONAL PARAMETRIC ANALYSIS.
A number of combinations of hull parameters were plotted to examine their trends and patterns.
In some cases no obvious patterns could be observed, whereas in others the relationship between

each other was very clear. The most important findings are discussed in the following:

The length versus beam plot given in Figure 2.1 shows an almost linear relation between these

two parameters with a proportion in the order of 3:1 given by:

B=0.243.L,,+2.93
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The plot of length versus deadrise angle is given in Figure 2.2, where a great scattering
distribution of data is observed, but it can be noted that as the length increases the deadrise angle
tends to decrease. From Figure 2.3 it is seen that as the length increases, the displacement

increases constantly in a trend as:

W=19.L%,-117.L,,-3778

The length versus cruising speed plot, Figure 2.4, shows also great scattering of data. This may
be expected for a fixed size of vessel of the same length, as the designed cruising speed may be
very different. The speed depends on the operational requirements of the boat, but it is interesting
to note from Figure 2.5 that as the length increases, the installed power also increases in a
constant form. This means that for a given length, the vessels have the same order of installed

power, but the speed varies considerably.

The two last figures presented for this part of the analysis indicate that, for a given displacement,
the installed power shows a clear increasing changing pattern, as observed on Figure 2.6, and an
important fact is observed from Figure 2.7 where it is very clear that as the velocity increases the

deadrise tends to increase, although scattered data are observed.

Several conclusions may be obtained from this part of analysis:
a) The length varies with the beam in a ratio 3:1.
b) As the length increases, the following changes occur::
- deadrise angle decreases

- displacement increases
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- cruising velocity decreases
- installed power increases
¢) As the displacement increases the installed power does too, but not necessarily the
speed.
d) As the cruising speed increases, there is a clear tendency for the deadrise angle to

increase.

2.1.2 NON-DIMENSIONAL PARAMETRIC ANALYSIS.

The data were also analyzed in a non-dimensional form. Several authors have determined that the
main parameters affecting the performance of a planing boat are the centre of gravity location,
beam, length and deadrise angle. The data base does not include the centre of gravity location
because it was not given in this analysis. This means that in this series it would be a variable for

each test condition.

From the previous work on planing hulls, it has been observed that there are several ways to
define a speed coefficient. The most commonly used expressions are:

a) VWL~ (where V in knots and L in ft)

b) VWgL™  (V,L, B, g and W for expressions b, ¢ and d must be in a consistent

system of units in terms of ft/sec, ft, ft*/sec, ft’, or m/sec, m, m*sec, m>).
c) VigB
d) VNgv"®

It was decided that the speed coefficient selected in this analysis should not include a parameter

that changes with speed. Thus the expression chosen was (c), understanding that the wetted beam



15

would not vary significantly with speed. If C, is the time dependant coefficient, the function is

defined as:

Cy = f(L/B, 8, Cy)

All the boats in the data base were non-dimensionalized, and the coefficients were plotted in

several combinations, with the following results:

a) Coefficient distribution.

The L/B distribution is given in Figure 2.8. It is observed that 87% of the boats are

within the range of 2.4 < L/B < 3.8, with a concentration in the range of 2.8 to 3.2.

Figure 2.9 shows that the deadrise angle in 91% of the boats is in the range 12° to 25°,

with a maximum at 18°.

Figure 2.10 gives the distribution of the velocity coefficient. It is found that 89% of the

boats are in the range of 1.2 to 3.6.

Figure 2.11 shows that the displacement coefficient of 99% of the boats is within the

range 0.06 to 0.25.

b) Non-dimensional coefficients results.

Figure 2.12 shows that, regardless of the C, coefficient, the L/B ratio is in range of 2.0
to 4.0, with a concentration at L/B = 3.0. It is also observed that the designs with a high

L/B ratio are also the boats that have a high C, coefficient.
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From Figure 2.13 it is observed that as the velocity coefficient C, increases, the deadrise

angle B also increases.

Figure 2.14 indicates that, as the velocity coefficient C, increases, the displacement
coefficient C, decreases, but after C;, equal 4.0, C, tends to increase. This, together with
the results obtained from Figure 2.12 indicate the slender and fast boats are also the more
heavily loaded, and this is also confirmed on Figure 2.15, where clearly the displacement

coefficient G, is increasing with respect to L/B ratio.

2.2 MAIN PARTICULARS OF THE SERIES
From the results of analysis, the characteristics for the series to be studied are defined as follows:

L/B ratio.
From Figures 2.1 and 2.12 it can be seen that most of the boats analyzed will be covered
within the range:

25 < L/B < 35

Deadrise angle ()

The range for this parameter is not as clear as the L/B ratio, as shown in the scattering
distribution of data points in all the related figures. Nevertheless, from Figures 2.2, 2.9
and 2.13 the typical deadrise angle will be in the range:

12° < B <24°

Displacement coefficient

This range is set based on the results from Figures 2.11, 2.14 and 2.15, from which:

005 < G, <.25
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The actual displacement coefficient used during the experiments was dependent on the
L/B ratio, as observed from Figure 2.15, so that each model was tested at different C,
values.

Velocity coefficient

The typical velocity coefficient, for the L/B ratio range selected, is in the range:
12 < Cv < 36
However, the model size and the carriage velocity have restricted C, to a maximum of

2.75 for the experiments.

The final characteristics for the series are given in Table 2.1 below.

Table 2.1 Characteristics for the Series.

Coefficient Low Medium High
L/B .2 3.0 3.5
B 120° 180° 240°
(& 0.05 0.25
G 12 275

With these values, most of the high C, designs were excluded. At the same time these vessels
have the highest L/B ratio as well as the highest C, coefficient. Furthermore, many of these
vessels have the highest deadrise angle. Other vessels excluded are the low deadrise angle boats
(less than 12°). Reviewing the data base, it was observed that the vessel types excluded are the

high speed racing boats and the heavy loaded ocean cruisers.

23 PARENT HULL DEFINITION.
In designing the parent hull for this series it, is intended to design a hull which is representative
of the typical planing craft presently built, based on dimensions and shape but not on performance.

From Table 2.1, using the middle values, the main parameters to design the parent hull are L/B
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ratio of 3.0 and deadrise angle of 18°. Additional characteristics that may be specified for a typical
planing boat are:

a) Constant beam and deadrise in the aft section of the hull;

b) Transom stern; and

c¢) Hard chine (single chine).

23.1 HULL SHAPE PARAMETERS.

The selection of shape parameters was made by carrying out an analysis of several Lines Plans
and General Arrangements. For obvious reasons, most boat designers and buildéré did not supply
hull form information, and only a few were made available. This, together with the information
from several marine journals data on a total of 46 hulls was gathered and entered into a data base.

The data measured are defined in Figure 2.16.

All the measurements were non-dimensionalized as percentages of L,, and were plotted as a
function of L,,,/B ratio. Figures 2.17 to 2.23 are the plots for this data base, and most of them
show certain scattering in patterns, hence it is not possible to determine an exact trend, but they
certainly provide a reference for the selection of proportions at a L/B ratio of 3.0, which as stated

above, was chosen as a main parameter for the parent hull.

To select the shape parameters a straight line curve fit was obtained for Figures 2.17 to 2.22, and
the intersection with L, ,/B equal to 3.0 was considered as the proportion for the parent hull. With
this approach the length of the chine L. as a percentage of the length overall L, is 91.8% as
obtained from Figure 2.17, and following this procedure, from Figure 2.18, L, is found to be in

the order of 51.2% of L,,; the length of the chine with a constant beam L., extends on 41.0%
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of L,, as shown on Figure 2.19; from Figure 2.20 the length of the bow L is 37% of L,
measured from the forward end of the hull, the typical depth at the forward end Dy is 18.2% of
L, as obtained from Figure 2.21, and the height of the chine in the intersection with the bow D¢
is 10.7% of L, as observed on Figure 2.22. The last value obtained from these plots is a.,, this
is, the angle between the bow and the base line, resulting in 42.5 degrees as obtained from Figure
2.23. The shape proportions for the parent hull are then summarized in table 2.2 bellow:
Table 2.2 Parent Hull Proportions in Percentage of L,
L Chine Length 91.2%

Lo,  Length of Constant Beam on Deck 51.2%
L.c  Length of Constant Beam on Chine  41.0%

Ly Bow Length 37.0%
D Depth at Forward End 18.2%
D¢ Chine Height 10.7%
o, Bow Angle 42.5°

23.2 HULL DEVELOPMENT.
Due to the geometric limit of the towing tank the maximum beam B was selected as 230 mm,
resulting in the following dimensions being selected for the parent hull:

Table 2.3 Parent Hull Dimensions

Loy, = 690 mm B = 230 mm
Loy = 629 mm Lyp = 353 mm
Lo = 283 mm Ly = 255 mm
Dy = 125mm D. = 74mm
@, =425 g = 18

These dimensions were used to develop the preliminary lines. Once the lines were faired, they
were entered into the program AUTOPLEX to obtain a hull shape with developable surfaces. The
final lines are given in Figure 2.24. The typical planing hull has deck sheer and transom rake,
but for convenience of construction and testing, the deck line is considered parallel to the base

line, and the transom perpendicular to the base line.
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It was decided to incorporate chine spray strakes extending over the total length of the chine. The
typical width of these strakes is in the order of 5% to 10% of the total beam on the chine. In our
case, it was selected as 7% of the maximum beam for the length of constant beam with constant

deadrise angle, and reducing its width towards the forward end.

24 SERIES DEVELOPMENT

In order to develop a series of geosim models, the L/B ratio and the deadrise angle were varied

in the following manner:.

24.1 L/B VARIATION.
This parameter is relatively easy to modify if a linear transformation is performed over the x axis,
the length of the hull was stretched or shrunk to obtain the desired length, with the following

results for the L/B ratio selected on Table 2.1:

L/B Total length
2.3 575 mm
3.0 690 mm
5 805 mm

24.2 DEADRISE ANGLE VARIATION

The variation of this parameter could have been done by one or more of the following:
a) stretch or shrink the parent hull in the y direction.;
b) raise or lower the chine line;

c) raise or lower the base line.
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However, it was decided to raise and lower the base line to obtain the 12° and 24° deadrise angles,
respectively. With this arrangement the chine profile and plan view, as well as the bow angle
remain the same for each L/B ratio, and the bow keeps the same curvature, but the height of the
intersection between the chine and the bow will be modified. Using this approach most of the

main parameters for the series hulls remain unaltered.

The lines and offset tables for all the hulls of the series are included in Appendix A. From these
it is observed that the body plan for all hulls with the same deadrise angle keep the same shape,
and the beam on the chine and the deck remain the same for all models. In the plan view, it is
observed that all the hulls maintain the chine and deck lines for a given L/B ratio. In profile, all
the models for a given L/B ratio keep the same chine profile as well and almost hold the same
bow curvature. With this, the part of the hull that will change is the shape of the hull below the

chine for each L/B ratio.
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3.0 EXPERIMENT DESIGN

3.1 FACILITIES

3.1.1 TOWING TANK . .

The Towing Tank at TUNS has dimensions of 27.0m. x 0.9m. x 1.0m. with length, width and
depth respectively. The tank has a 1.8 m. viewing window located at the end close to the control
room. A computer-controlled wave maker/absorber is installed at each end of the tank. The electric
motor-driven carriage has recently been upgraded and is able to reach a maximum speed of 4.0m/s
within the tank length limit. It is controlled by a computer, and has very good velocity

repeatability.

3.1.2 DATA ACQUISITION
The tank facilities can be completely operated from the Control Room. Two computer systems
control the carriage and perform the data acquisition; video recording can also be controlled from

the Control Room using up to four cameras.

For all experiments the models only had three degrees of freedom, i.e. surge, heave and pitch, and
the data were collected with the following instruments:
a) Forward velocity in the x direction was measured by an optical encoder driven by a

belt to the rear axle.

b) The force was measured by a 2.5 kg. load cell installed on the heave shaft of the tow
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post. Figure 3.1 gives a representation of the tow post arrangement. It is noted that with
this arrangement the load cell measures the horizontal component or drag force D of the

total hydrodynamic force F.

c) The sinkage in the y direction was obtained with a sonic probe mounted on the
carriage, measuring the distance to a reflective plate mounted by an attachment to the
model. With this device the collected data represented the rise or sinkage of the centre of

gravity. The sinkage value showed negative whenever the model was in a rising condition.

d) The trim was measured by means of a Relative Voltage Differential Transducer,
(RVDT), mounted on the bottom of the heave shaft which was attached to the model. The
shaft of the RVDT passes through the pivot point or the vertical centre of gravity, Vg,

of the models. The static trim was recorded for all the test conditions.

e) Video recording of all the runs was made to assist in troubleshooting whenever

required.

f) As indicated by the 19™ International Towing Tank Conference [17], underwater
photographs of the runs at all speeds were taken, from which the wetted surface area was
computed. Black and white negatives were used and analyzed with a negative viewer.

Figure 3.2 shows a typical photograph from the series.
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3.2 MODEL CONSTRUCTION

All the models were built using a transverse framing system with 2.0 mm plywood for the hull
and 6.0 mm plywood for the frames. All the models had developable surfaces. The hulls were
coated with epoxy, primer and enamel to obtain a smooth finish. Station lines and numbers were
painted on the sides and bottom. Water lines were omitted due to the number of L.; and
displacements tested. All the models were fitted with an integral spray strake at the chine. No
additional spray strakes were fitted. This can be the subject for extensive research in the future,
investigating the effect of number of strakes, angle, length, etc. on performance. No decks were

fitted, i.e. the models are "open". .

3.3 TEST CONDITIONS

3.3.1 DISPLACEMENTS

Table 2.1 indicated that the load coefficients C, at which the models should be tested was in the
range of 0.05 to 0.25. At the same time it was observed from Figure 2.15 that the displacement
coefficient, C,, varies depending on the L/B ratio. Each model’s test conditions were chosen based
on its L/B ratio. Table 3.1 gives the C, values selected, and these were varied during the testing
at increments of AC,= 0.05

Table No. 3.1 Test Displacement Coefficients

ﬁ QD MIN QD MAX
25 05 0.20
30 010 0.25
35 010 0.30

Due to the weight of the models, some geometric restrictions and the position of the centre of
gravity, it was not possible to obtain all of the minimum conditions. Section 4.0 provides all the

conditions tested.
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3.3.2 CENTRE OF GRAVITY

In Section 2.1.2, it was stated that the location of the longitudinal position of the centre of gravity,
Lcg, was to be considered as a test variable. Almeter [6] indicates that the typical L is located
from 25% to 35% of L. measured from the transom. From the data collected it was observed that
the Lz was located typically at 30% of L,,, from the transom. Fridsma’s series [9] was tested at
30% to 50% of L, from the transom, Compton’s series [10] was tested at 8% of L,, from
midships, and the MBK series [6] was tested at 35% to 45% of the wetted length. But then all
these series were not typical of the small craft hull shape and configurations. It was decided to
test each model at three L locations, 25%, 30% and 35% of L,, measured from the transom.
Largerh values resulted in an unrealistic trim by the bow, and smaller values gave very high static
trim, which were considered unrealistic as well. Table 3.2 gives the values for L; on each
model.

Table 3.2 L. Position for the models..
(Cm. from Transom)

L/B RATIO
LCGIOA 25 30 40
0.25 1437 1725 2012
030 1725 2070 24.15
035 20.12 24.15 28.17

The vertical centre of gravity was chosen to be 30% of B (maximum beam), i.e. 70.0 mm from
the base line. The heave shaft was attached to the model in such a way that the pivot point was
at the vertical centre of gravity. When ballasting the models to obtain the displacement and centre
of gravity, the vertical position of the centre of gravity, V;, was measured by hanging the model.
In most cases the real centre of gravity was obtained close to 30% of B, but some others were

within an error of 5% B. All these values were recorded and are included in Appendix B.
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333 VELOCITY RANGE

The velocity coefficient, C,, was a restriction for the experiment. As given on Section 2.0, ideally
a G of 3.6 was needed to cover the complete analysis. This means that the carriage had to run
at 5.4 m/s, but the tank length is only 27.0m long. Although the carriage is capable of running
at these speeds, it was determined that the maximum speed at which a significant data could be
collected was 3.93 m/s. With this restriction the maximum test C, was 2.75. Ten speeds were
tested, starting at C, = 0.50 (0.72 m/s) up to 2.75 (3.93 m/s) with increments of 0.25. With this

the effects on displacement, pre-planing and planing regimes were studied.

3.3.4 THRUST LINES
In most of the experimental work, the thrust line is considered to be passing through the centre
of gravity, which is a very close approximation for most of the propeller driven boats. In this
work it was decided to test all the conditions at two thrust lines:

i) thrust line passing through the centre of gravity, and

ii) thrust line parallel to, and lying on the keel or base line.

The last was chosen as a reasonable compromise to many possible configurations for boats
propelled by stern drives, jet propulsion or twin propellers. The method to test this thrust line is
illustrated in Figure 3.3. The models were first tested with the thrust line passing through the
centre of gravity. The drag D is approximate to the x component of T, i.e. T,. If the Planing
Angle 7 is also known, and if the thrust liﬂe is moved to assume that it is parallel to the base line,
a trimming moment My, can be computed. The thrust line compensation is obtained by moving
a known weight w to a position within the model that would create an equivalent trimming

moment. This trimming moment was computed for each velocity tested, and for each condition.
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With the above considerations, the total number of runs for the series was in the order of 2500,

including the tank calibration, repeatability runs and turbulence stimulation analysis.

34 TANK SIZE EFFECTS
During the preparation of the experiments, questions were raised regarding the effects of shallow
water and tank wall, and also the aerodynamic effects on the results. These issues were addressed

as follows.

34.1 SHALLOW WATER EFFECTS
During the literature review it was found that the work most addressed on this issue was done by
Sturtzel and Graff [18,19], as well as Kirsch [20]. The critical velocity for our series is:
Vg = \/g—h
Ve = 3.13 m/s for a tank depth, h, equal to 1.0 m.
If the Draft (t) of the models is assumed to be in the order of 10 cm, then:
t/h = 0.1
From Figure 15 of Reference [18] it was determined that the increase in wave-making resistance

is in the order of 3% to 5%.

From Reference [19], it was obtained that for L/h = 0.805 (for L/B = 3.5), Cy/C,, = 1.0, as
shown in Figure 3.4. This means that the increase in wave-making resistance is almost negligible

for this configuration.

]

Kisch’s work [20] was also studied, but unfortunately the range of her work does not cover the
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range of this series.

3.4.2 TANK WALL EFFECT

The work by Millward [21] and Kirsch [20] were studied to try to determine the effect of the
proximity of tank walls on the results of our tests, but once again their ranges of results do not
cover the ranges of our work. Millward’s closest values are for L/h = 2.0, t/L = 0.04, and K/h =
1.67. Our numbers are L/h = 0.805, t/LL = 0.08 and K/h = 0.90. Kirsch did not consider L/B

'lower than 5.0.

3.4.3 AERODYNAMIC EFFECTS
It has been recommended by the 19™ ITTC [17] to perform aerodynamic tests on the carriage to
determine the effect of the air flow on the test results.. At this stage, no study of this has been

performed, hence the effect could not be predicted.

The effect of an "open" model which has no deck or superstructure fitted may become relevant
at C, values above 2.0. But it is common practice to work with "open" models for towing tank
tests. In our case, it was decided to work with this condition so long as the models were

representative of any type of fast monohull.

3.5 TURBULENCE STIMULATION

Turbulence stimulator are used as a means to artificially increase the turbulence level of flow, thus
avoiding laminar flow for low Reynolds number. Ideally the stimulator will provide constant
turbulence stimulation with minimum parasitic drag. There are several devices that may be used,

such as trip wires, studs and sand strips [22]. Also it has been indicated by the 19™ ITTC that



37

Hama strips are promising devices, and have been used some research facilities. Simoes Re [23]
used these devices for the previous experimental work at TUNS. It was also decided to use Hama
strips for this work. The shape selected was 10 mm wide strips with saw-tooth shape 8.0 mm per

side and a thickness of 0.5 mm.

The position for the Hama strips was determined after testing the parent hull at L.; = 25% and
displacement coefficients of 0.10, 0.15 and 0.20. Figure 3.5 gives the results for C, = 0.15 and
0.20. For the strips installed on Stations 4 and‘ 7 of the model, the resistance was increased at all
speeds. When the strip on Station 7 was removed the resistance was increased at low and medium
speeds (hump speeds), but at high speed (relatively high Reynolds number) it remained unaltered
as compared with the bare hull results. Therefore the Hama strip was only installed on Station 4

of the model for all experiments.
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Figure 3.2 Underwater Photograph
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4.0 TEST OF THE SERIES

4.1 TANK CALIBRATION

As mentioned previously, there are various tank effects that might affect experimental results and
that were not possible to predict, such as shallow water, tank wall and aerodynamic effects. In
order to ensure reliability of the test results, a well known hull previously tested at other
experimental facilities was selected to test again at the TUNS tank for calibration.

One of the objectives of this tank calibration was to avoid uncertainty introduced by testing a
geosim model with a different scale, so it was chosen to test a hull of identical dimensions to one
with published data. The hull selected was a prismatic hull tested by Fridsma [9] at the Davidson
Laboratory of the Stevens Institute of Technology. This selection was made because the beam of
the test model was very similar to the beam of the models of TUNS series, and that the L/B ratio
of the smallest model was 4.0 which was close to the maximum L/B ratio of 3.5 for TUNS
models. Another fact was that the shape of Fridsma’s model had a constant beam and deadrise
/angle on the aft section of the hull. The model had a L/B ratio of 4.0, a deadrise angle of 20°,

a beam of 9 inches and built with the same transverse framing as TUNS models.

Figure 4.1 gives the body plan and lines equations. Fridsma fitted his models with a thin celluloid
strip projecting 0.030" below the chine. The objective of this strip was to avoid the "wrapping"
of water on the sides of the hull. The TUNS model for the tank calibration was fitted with similar

strips, and in the same form as on Fridsma’s experiments. No turbulence stimulators were used.
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Six test conditions were chosen from Fridsma’s work:

G, =0.304 (W = 8lbs) and L.; = 30%, 35% and 40% of L,.

Cp, =0.608 (W = 16lbs) and L.; = 35%, 40% and 45% of L,,.
Each condition was tested at 12 speeds in the V/VL range from 1.0 to 4.0. All the runs were
performed for a second time to check repeatability in the data acquisition. Fridsma’s original work
did not include numerical results for the calm water experiments, so the data used for comparison

were read from the graphical resuits.

The results obtained at TUNS were encouraging, and showed very close agreement with those of
the Davidson Laboratory. Only two conditions were selected to show TUNS results, but most of

the experiments gave the same level of agreement:

a) Figure 4.2 shows the results of the tests at C, = 0.304 and L; at 30% from transom.
It is observed that the R/W curve gives a very close agreement with the original data.
The H/B value or the or rise of the centre of gravity seems to be lower than Fridsma’s
results, mainly in the high speed range. Trim is above the original data for low V/VL

values, but at higher V/VL values are in close agreement.

b).- Figure 4.3 gives the results for C, = 0.608 and L; = 40%. Included in this last
graph are the values obtained by Opel [24] for a geosim model on a larger scale tested
at the British Columbia Oceanv Research Centre. Both figures show a very close

agreement on the resistance curve, although Opel’s data tend to be slightly above the
original values. The rise of the centre of gravity as well as the trim angle show good

agreement.
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4.2 FINAL TEST RANGES

4.2.1 VARYING DISPLACEMENT AND CENTRE OF GRAVITY
Each model was tested over a different range of displacement coefficients. Each C, was tested for
10 velocities, and each velocity was tested at the two thrust lines described in Section 3.3.4. Table

4.1 gives the summary of the displacement coefficients at which each model was tested.

The location of the longitudinal position of the centre of gravity, Lo; was determined by the
moments of reactions with the aid of a weighing scale, and the vertical position, V5, was
determined by hanging the model as shown g{n Figure 4.4. This method is simple and there is no
need to draw water lines on the hull. The model was set a zero heel, and this was verified with
the aid of a bubble level. The change of displacements was achieved by adding equal weights at
equal distances forward and backwards from the centre of gravity, and at a height as close as
possible to the vertical centre of gravity. To obtain this, the amount of weights required to achieve
the following C, value, as listed in Table 4.1, were prepared in advance. Following this procedure,
54 to 90 runs could be performed before removing the model from the tow post to change the L

position.

Once the model was attached to the tow post at a certain L, all the displacements were tested
by assuming that the thrust line was passing through the centre of gravity. After the thrust line
through the centre of gravity was tested, the compensation moments were calculated as shown on

Figure 3.3, and the runs for the thrust line through, or parallel to the keel were performed.
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Table No. 4.1 Summary of Test Displacement Coefficients.

8 12°

L/B 25 3.0 35

L 35% 30% 25% 35% 30% 25% 35% 30% 25%
0075 0835 010 010 010 011 010 010 0.2
010 010 015 015 015 015 015 015 0.5
015 015 020 020 020 020 020 020 020

020 020 025 025 025 025 025 025
030 030
B 18°
L/B 25 3.0 3.5
L 35% 30% 25% 35% 30% 25% 35% 30% 25%

0086 0.086 0086 0.114 0.114 0114 012 012 0.12
010 010 010 015 015 015 015 015 0.15
015 015 015 020 020 020 020 020 020
025 025 025
030 030
8 24
L/B 2.5 3.0 35
L 35% 30% 25% 35% 30% 25% 35% 30% 25%
0075 010 010 010 010 011 010 0.0 0.117
010 015 015 015 015 015 015 015 0.15
015 020 020 020 020 020 020 020 020
0.20 025 025 025 025 025 025
030 030

4.2.2 STATIC TRIM.
When the model was at rest (Velocity = 0.0), the static trim for each test condition was measured

and recorded. With this it was possible to give the relative trim as well as the absolute trim.

4.2.3 TEST VELOCITIES.
Each condition was tested at 10 velocities as given in Table 4.2, covering the displacement,

pre-planing and planing speeds.
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Table 4.2 Summary of Test Velocities.

(0¥ (m/s) Cy (m/s)
0.50 0.72 1.75 251
0.75 1.08 2.00 2.88
1.00 1.44 225 323
1.25 1.78 2.50 357
1.50 215 275 3.93

Initially the runs were made at alternating velocities, i.e. first a low speed run was tested, and then
a high speed run. After several conditions had been recorded, it was observed that the results were
not affected by alternating speeds, therefore the remaining conditions were performed at increasing
velocities. The time interval between runs was maintained constant at five to six minutes and at
the beginning of the day, or whenever the tests were interrupted, two "wake-up" runs were

performed before the data collection was continued.

The slowest speed at C, = 0.50 was not tested for the thrust line on keel because after several

tests the same results were obtained as with thrust line through the centre of gravity.

43 DATA PRESENTATION.

43.1 RAW DATA.

During testing, after each run ended, the raw data file was pre-processed to obtain the raw values
for the run. With this, the data could be viewed in case there had been a malfunction or an error
during the test, and thus determine if the run needed to be repeated. A computer program collected
the values from a file, accessed the calibration files, and displayed the results on screen. Figure
4.5 is an example of how the data was displayed, from which the time interval for analysis was
selected. The program gave the average over time and stored the values into a file. The standard

deviation of the analysis was also recorded. Figure 4.6 is the typical information in a
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pre-processed file. It is noted that the water temperature was an input for each test condition. All

the files for each run have been backed up, for future research work.

Underwater black and white photographs were obtained on approximately 85% of the runs. The
camera was installed at mid-length of the tank and was triggered by an electronic sensor activated
as the carriage ran over it. An underwater video camera was also tested, but proved to be not

useful at the high velocity tests.

The load cell as well as the RVDT were calibrated periodically to check for any deviation that

required the update of the calibration files, but this was never needed.

4.3.2 DATA ANALYSIS

After the underwater films were developed, each pre-processed data file was converted into the
Series Data File. Each underwater photograph was interpreted to give values for the wetted length
of the keel Ly and of the chine L.. A computer program was written to read the raw data file, to
input L and L, to compute the wetted surface area Wg; and non-dimensional coefficients for

each run, and to write a data file with the processed information.

4.3.3 TABULAR AND GRAPHICAL RESULTS
All the series data files and plots are included in Appendix B. The following is a description of

the information contained on each table or graph.

a) Tabular Data.

For each model at a given L, position and thrust line, all the displacements tested are

printed in the same table. Figure 4.7 gives the results for L/B = 3.0, 8 = 12°, L; = 25%
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and thrust line through the ventre of gravity. The page heading gives the main particulars
for the model, i.e. model geometry and L.; position. Each sub-heading gives the

displacement data, V; position, static trim, and water properties.

After the sub-heading, test data including the dimensional results are presented:
A\ Velocity (m/s)
Rr Total Resistance (gms)
H Sinkage (cm) where (+) means sinkage and (-) means rise
TAO Relative trim (Degrees). This value is the difference between the static or
zero velocity trim and the running trim.
Lo Wetted length of the chine as read from the underwater photographs
Ly Wetted length of the keel
Wgy  Bottom wetted surface area as computed with L. and L.
The coefficients are also included and calculated in non-dimensional terms of chine beam
By
Cy Velocity Coefficient (Beam Froude Number)
C; Total resistance Coefficient.
R/W Resistance/Displacement
H/B,x Non-dimensional sinkage.
TAO (Abs.) = Static + Relative trim.

Cwsen Wetted area coefficient.

With this, four displacements tested for this condition, i.e. C; = 0.11, 0.15, 0.20 and 0.25,

each with their own sub-heading of main particulars and run data, are printed in one table.
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b) Graphical Results

All the non-dimensional coefficients for each table were plotted as five graphs in one
figure. As indicated in Section 2.1.2, the coefficient C, changes with time, so all other
coefficients are plotted as a function of C,. Figure 4.8 is an example to show how the
data are plotted. The figure displays five graphs of C,, versus the five coefficients C,,

R./W, TAO, H/B and Cyg,; respectively.

In both tabular and graphical presentations, and whenever observed, porpoising was also recorded.
In the case presented in Figure 4.8, at C, = 0.25 and C, = 2.75, the model presented this
dynamic instability. The tabular data has an indication "** Porpoising" after C, = 2.50, and the

plot displays the symbol P at the speed before which porpoising became evident.

4.4 REPRODUCIBILITY OF EXPERIMENTS

Once the series was completely tested, a check for reproducibility of results was performed to
prove that after certain periods, the tests could be modelled and repeated, and the same results
would be obtained. Note that reproducibility is not the same as repeatability. Reproducibility
means try to re-create the same conditions at which a model was previously tested, such as W,
L., Velocity, etc, and obtain the same results; whereas repeatability means to perform the samt;,
test without having changed any parameter and obtain the same results. The model with L/B =
3.5 and B = 18° was chosen to be tested, with two centre of gravity locations and three

displacements as indicated in Table 4.3 below:
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Table No. 4.3 Test Conditions for Reproducibility

LB =35

8 = 18°

Leg 30% 35%.

=4 0.15 0.15
0.20 0.20
0.25 0.25

Each condition was tested with thrust line passing through C.G. and five speeds for each case.
Figure 4.9 gives the graphical results of these runs, where the solid line represents the original
runs, and the hollow symbols represent the reproduced ones. It is observed that a very close

agreement was obtained for resistance, trim and sinkage on all six conditions tested .

4.5 STANDARD DEVIATION ANALYSIS

An analysis of the standard deviation of data acquisition was carried out to determine the accuracy
range of the series data. The four parameters velocity, resistance, sinkage and trim, were studied
on all the runs performed for the model with a L/B of 3.5 and deadrise angle of 18°. All the
deviation files were analyzed and the following results were obtained.

a) Velocity Standard Deviation

The velocity analysis presented a very small deviation in all of the 296 runs performed
on the model. 274 of the runs were in the order of 0% to 1% in deviation, and only 12

gave a value in the order of 2%.

b).- Resistance Standard Deviation

In this case, 248 runs gave a deviation of 10% or less, concentrating mainly in the 2% to
6%. Only 12 runs gave a standard deviation above 10% of the average, and in every

single case this happened at a C,, of 0.50.
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¢).- Sinkage Standard Deviation

From the total of runs, 259 data points showed a deviation below 10%, mainly in the
range of 1% to 5%. Only in 37 cases the standard deviation was above 10%, of which 33

cases happened at a C, 1.25 and 1.50.

d).- Trim Standard Deviation

For the trim angle analysis, in 262 cases the deviation was less than 10%, mainly in the
order of 1% to 6%. In 34 cases the deviation was greater than 10%, of which 13 cases
were at C, = 2.5 to 2.75, and the remaining 21 cases were at C, = 0.50 and 0.75. No

case was observed in the range of C, = 1.0 to 1.25.
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To obtain the desired L; , ballast the model until the desired W is obtained. Position
the model as shown, and move the weights inside the model until R, is obtained . R,
can be pre-determined as indicated in the figure.

To measure Vg, hang the model from a fixed point P, measure the angle ¢ and
compute:
Ve =D - x° tan(9)

Figure 4.4 Displacement and Center of Gravity Determination
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m 1 21 1324 23 997.540497 0.000932 9.34702%9e-007

Series T. September 2, 1992

Model and Water Parameters and Coefficients

Units

(cm/feet): m

Model Beam:

Water Temp

(deg C):

Water Viscosity:

Vel(m/s)
0.718062
1.085014
1.47071

1.81984

2.180472
2.559242
3.274605
3.627017
3.946524

Vel, stddev
0.008283
0.01212
0.008908
0.011756
0.01302
0.014797
0.012082
0.020163
0.015147
0.019194

EVel(m/s)
0.721895
1.091821
1.46304
1.813686
2.19456
2.551814
3.275462
3.59764
3.918857

Prc,std
4.638415
5.894955
6.348612
5.347516
13.856941
8.156363
16.714451
18.682917
20.481842
19.283854

, Scale Factor:

; Model Disp(gms):

23 '

0.000932 ,

Force(gm)
52.517471
165.24469
228.431183
226.69838
210.134232
199.271347
189.52655
201.295715
237.154755

a .-

Frc,inter Heave,std

1

1324

Water Density (Kg/m”~3): 997.540497

Kinematic Viscosity:

9.347029e-007

Heave(cm) Pitch(deg) Pn
0.026249 0.722639 0.500286
0.05067 3.416215 0.755947
-0.03343 5.332665 1.024667
~0.144734 5.39462 1.267912
-0.247004 4.263574 1.51917
-0.284859 2.956167 1.783065
-0.29075 1.192157 2.28147
-0.291474 0.537147 2.527001
-0.294013 0.214692 2.749607
Pre-Processed Data File

0.0166 0.002277
0.0166 0.001021
0.0166 0.001155
0.0166 0.001257
0.0166 0.004115
0.0166 0.008495
0.0166 0.004418
0.0166 0.003865
0.0166 0.003048
0.0166 0.002998
b .-

Figure 4.6 Raw Data Files Example

Heave, intr Pitch,std

-3.76
-3.76
-3.76
-3.76
~3.76
-3.76
=3.76
-3.76
=3.76
-3.76

0.072697
0.09388

0.093143
0.081386
0.083139
0.067772
0.080044
0.097508
0.089939
0.084444

Standard Deviation File

0.039666
0.124807
0.172531
0.171222
0.158712
0.150507
0.143147
0.152036
0.17912

Pitch,intr)
2.24158
2.24158
2.24158
2.24158
2.24158
2.24158
2.24158
2.24158
2.24158
2.24158

Force/disp Heave/beam

0.00125
0.002413
-0.001592
~0.006892
-0.011762
-0.013565
-0.013845
-0.01388
-0.014001
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Model No. T-3012 59

L/B Ratio 3.0 Length Overal ILOA 69.00 cm
Deadrise 12.00 deg Breath (Deck) B 23.00 cm
Breath (Chine) BPX 21.00 cm
LCG Position 25.00 $ LOA 17.25 cm € Transom
Displacement DIS 1324.0 gms Disp. Coeff. CDL 0.11
VCG Position 25.13 ¥ B 5.78 cm € Base Line
Static trim TAOo 4.10 deg
Water Temp. 22.50 deg C Density 997.658 kg/m3 Kin. Viscocity 0.9457E-06 m2/s
Vel RT H TAO Ic LK WSPH csp CcT RT/DIS H/BPX TAO Cwsph
m/s gms cm deg cm cm cm2 x10-3 Total

1.078 195.2 0.30 4.10 34.16 42.78 824.5 0.751 40.062220 0.147 0.014 8.20 1.870
1.458 290.3 -0.50 6.90 24.84 32.78 617.6 1.016 43.492170 0.219 -0.024 11.00 1.401
1.803 273.7 -1.34 6.31 20.36 27.60 514.1 1.256 32.194940 0.207 -0.064 10.41 1.166
2,172 249.8 -1.90 4.89 17.94 . 26.56 477.1 1.513 21.823380 0.189 -0.091 8.99 1.082
2,555 216.7 =2.11 2.90 15.40 25.99 443.7 1.780 14.705900 0.164 -0.100 7.00 1.006
2.907 203.5 =2.11 1.99 13.41 26.06 423.1 2.025 11.194150 0.154 -0.100 6.09 0.959
3.273 189.8 <=2.08 0.97 11.52 26.67 409.4 2.280 8.514046 0.143 -0.099 5.07 0.928
3.628 201.5 -2.01 0.13 9.87 27.80 403.8 2.528 7.455128 0.152 -0.096 4.23 0.916
3.957 242.0 -1.96 -0.14 8.63 29.33 406.8 2.757 7.468892 0.183 -0.093 3.96 0.923

Displacement DIS 1825.0 gnms Disp. Coeff. CDL 0.1503

VCG Position 25.57 $ B 5.88 cm @€ Base Line

static trim TAOo 5.29 deg

Water Temp. 22,50 deg C Density 997.658 kg/m3 Kin. Viscocity 0.9457E-06 m2/s
Vel RT H TAO Ic LK SWPH Cv CT RT/DIS H/BPX TAO Cswph
m/s gms cm deg cm cm cm2 x10-3 abs.

1.086 271.6 0.36 4.30 34.50 43.13 831.9 0.757 54.41037 0.149 0.017 9.59 1.886
1.449 510.8 =0.61 8.85 27.12 28.64 597.7 1.009 80.10178 0.280 -0.029 14.14 1.355
1.812 472.5 -1.88 8.20 21.39 26.91 517.8 1.262 54.69332 0.259 -0.089 13.49 1.174
2.182 417.2 -2.41 6.05 17.46 26.01 466.0 1.520 36.98385 0.229 -0.115 11.34 1.057
2,561 339.1 -2.82 3.74 15.53 25.88 443.8 1.784 22.91281 0.186 -0.134 9.03 1.006
2.918 301.5 -2.83 2.09 13.80 26.56 432.7 2.033 16.09876 0.165 -0.135 7.38 0.981
3.285 278.3 -2.75 1.24 12.77 29.67 454.9 2.288 11.15254 0.153 -0.131 6.53 1.032
3.629 265.6 -2.52 0.15 8.63 30.36 417.9 2.528 9.48877 0.146 -0.120 5.44 0.948
** Porpoising

Displacement DIS 2432.0 gms Disp. Coeff. CDL 0.20

VCG Position 26.35 $ B 6.06 cm € Base Line

static trim TAOo 6.99 deg

Water Temp. 22.50 deg C Density 997.658 kg/m3 Kin. Viscocity 0.9457E-06 m2/s
Vel RT H TAO IC LK WSPH CSP CT RT/DIS H/BPX TAO Cwsph
m/s gms cm deg cm cm cm2 x10-3 Total

1.079 358.2 0.33 4.71 36.57 43.47 855.9 0.752 70.658950 0.147 0.015 11.70 1.941
1.455 860.2 -0.69 11.58 27.60 31.74 636.1 1.014 125.646900 0.354 -0.033 18.57 1.44
1.805 832.8 -2.25 10.81 23.11 27.60 543.7 1.257 92.496540 0.342 -0.107 17.80 1.233
2.174 688.7 -3.33 7.66 20.70 25.88 499.3 1.515 57.379550 0.283 -0.158 14.65 1.132
2,551 543.8 -3.76 4.50 18.%7 25.1% 473.4 1.778 34.708190 0.224 -0.179 11.49 1.073
2.921 455.1 -3.49 2.34 17.25 25.32 456.4 2.035 22.988410 0.187 -0.166 9.33 1.035
3.291 373.0 -3.68 0.79 15.53 25.53 440.1 2.293 15.385920 0.153 -0.175 7.78 0.998
** Porpoising

Displacement DIS 3042.0 gms Disp. Coeff. CDL 0.25

VCG Position 25.91 $ B 5.96 cm € Base Line

static trim TAOO 7.90 deg

Water Temp. 22.50 deg C Density 997.658 kg/m3 Kin. Viscocity 0.9457E-06 m2/s
Vel RT H TAO IC LK WSPH CspP cT RT/DIS H/BPX TAO Cwsph
m/s gms cm deg cm cm cm2 x10-3 Total

1.081  429.7 0.34 4.99 37.95 45.20 887.8 0.753 81.455480 0.141 0.016 12.89 2.013
1.448 1184.3 -0.44 11.49 30.02 33.81 684.1 1.009 162.395800 0.389 -0.021 19.39 1.55
1.794 1101.9 -2.02 9.99 27.60 30.70 625.0 1.250 107.773200 0.362 -0.096 17.89 1.41
2.166 1010.2 -3.74 7.93 22.77 27.25 536.3 1.509 78.932640 0.332 -0.178 15.83 1.216
2.519 804.1 -4.58 5.33 20.36 25.53 491.9 1.755 50.660590 0.264 -0.218 13.23 1.115
2.897 652.3 -4.34 2.66 18.29 24.50 458.6 2.019 33.324460 0.214 -0.207 10.56 1.040
3.252 586.8 -4.57 -0.02 17.25 26.91 473.4 2.265 23.056260 0.193 -0.218 7.88 1.073
** Porpoising

I/B= 30 ; B=12°; Ly = 25% From transom ; Thrust Line : Center of Gravity

Figure 4.7 Series Tabular Data Format
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