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A VISUAL EXPERIMENTAL TECHNIQUE FOR PLANING CRAFT PERFORMANCE IN CALM WATER AND
IN WAVES

by J.LR Blake' and P.A,Wilson'(Member)

SUMMARY

The understanding and quantification of hydrodynaric lift raquires a full appraciation of the phenomena associated with high-speed planing.
Repeatabllity of results is a major problem with planing crafl experiments duse to the complexity of fluid flows; wetted lengths, for example,
are difficult to measure becauss of the obscurity created by spray-jets. This difficulty in measurement can produce subjective interpretation.
THerefors, reducing hydrodynamic lift using uncertainly dafined tactors, such as wetted data, can be misleading. This paper outlines an
experimental method, Computer Vision Data Acquisition {CVDA), that can remove questions of uncertainty regarding dynamic phenomena
by remotely capturing large amounts of planing data for immediate and archival use. An example of the importance of this form of data
capture and analysis is described by the ability to validate predictive formulase for planing performance in calm water, and to further advance
these formulae for predictions outside their designed reaims: in waves.

NOMENCLATURE
A coefficlent used in equation (7) 8 el nit
B chine beam of planing craft or cofticient used in R &ta?c?aaﬂgre;;:?ance

equation (7) R calm water resistance
b chine beam (used in Section 3.3.1 and) Ay Peynold's Number
B craft deadrise (degrees) R, rough water resistance
% cosfficient used in equation (7) R resistance increment in waves (R,-R,)
C, skin friction coefficient o density of water
Cu Iift cosfficient for flat plate (A/0.5pV°B?) .

- . A 2 T calm water running trim angle
Cip lift coefficient for hull with deadrisa (A/0.5pV*B") v craft forward velooity
g" f;fe?ffé%'i?etr%{@?@é) VCGE  vertical centre of gravity above kesl
V, ft i{ i i

C(ID A Gomputer Vision Data Acqulstion f cra Lfnc;wva d velocity in knots (used in Taylor Quotient,
D depth °f. hul v, average fluld fiow velocity on craft bottomn
A craft weight 2(t) heave
EDA Electronic Data Acquisition z heave magnitude
o] acceleration due to gravity
H waveheight
K wavenumber (2r/A) 1. INTRODUCTION.

radius of gyration
t" craft |engggr¥ overall As high-speed planfng craft enjoy increasing popularity in
LcG longitudinal centre of gravity (from transom) commerclal and private use, research into planing craft
L chine wetted length performance becomes increasingly more Important [1]. The
L:, craft length overall in feet (used in Taylor Quotlent, accurate theoretical prediction of planing craft performance in

VALY calm water and in waves requires complete understanding of the
L, mean wetted length (0.5(L+L,) associated phenomena. To this end, experiments need to be
i, kel wetted length ¢ conducted and instrumented carefully so that individual
LWL statlc wateriine length ~ componerits associated with planing can be accurately quantified
A wavelength (mean wetted langth in) ;— pfroxlr(‘:lmg v_ahdatrion of numerical codes and highlighting areas
p distance from transom to centre of pressure (Figure B) or further researcn.
oy pitch angle

Experimental work has been underlaken by many {extensively
cited by Payne, [2] 1o [10]) to ldentify the various cornponents of
lift and the effect of hull geometry parameters and speed. Much
of the previous theoretical and experimental work on planing has
- - - been centred on calm water performan les include
" Fluid Structure Integration Research Group, University of Sottorf [11]; Shoemaker (12]; Se?mbrau s [1cf;; (:c):(rav?:\;-)l(eriukovsky
Southampton et al [14]; Savitsky and Neidinger [15; Savitsky [16]), with
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comparatively little experimental and theoretical invastigation Into
performance in waves.

identification of iift components requires understanding of the
flow phenomena associated with the hull. The dynamic ift of &
planing hull is dependent, among other factors, on wetted
surface but the influence of this variable on lift is difficult to
isolate because of the problem of accurate wetted surface
measurerment.

Payne [10] summarises the problems that experimenters have
had in relating the lift force to Individual parameters, especially in
terms of wettad lengths, and describes the degree of variation in
over 1000 experimental results. A wide range of formulae exist
that attempt to predict the total lift on planing surfaces, but dus to
the amount of scatter between individual experimental results,
most theories have general exceptions as to their applicability,
Figure 1. Reducing the variation of experimental planing data
would reduce the chanoces of misinterpreting the importance of
specific planing phenomena — improving the empiricisms that
ensue and allowing more generalised theorigs. These problems
abound for planing craft performance in calm water; the problem
of identification of specific qualities is even more complicated by
the craft's operation in a seaway.

An experimental method is required that can accurately moasure
wetied surface data. With this In mind, the experimental
investigation described herein was initiated. The purpose of the
investigation was to test a largely unused technique (Computer
Vision Data Acquisition, CVDA) to measure speciiic quantities,
such as wetted surface, in a consistent manner which is
repeatabls from test to test, in this way enabling the degree of
scatter discussed above to be reduced.

Using an existing set of experimental data [17][18], the resulis
cbtained from the authors’ recent tests could be comparsd —
highlighting the possible problems with tast repeatability and
providing an ability to compars each set of experimental results
with standard planing performance equations [16].

Finally, the extraction of data fundamental to planing craft
performance (l.e. wetted surface data) in calm water is shown to-
hava important bearing on the ability to predict performarnce in
waves,

1.1. Computer Vision Data Acquisition

For craft moving In waves, the quantification of relative motions
between a point on the hull surface and the water provides useful
data and appreciation of experienced accelerations. Wetted data
also provides resistance information both in caim water and in
waves. Typically these quantiies have been extracted from
experimental tests by the use of reslstance or capacitance
probes,

For craft travelling at high speed, the amount of generated spray
reduces the abllity of resistance and capacitance probes to
accurately quantity wetted length and surface values.
Techniques to avoid this problem and to investigate underwater
surface flows have Involved the use of still photographs [18][18],
and limited video analysis [17].

More than just those aforementioned physical effects can be
analysed by video. In fact, alil displacements, velocities and
accelerations can also be measured. The benefits of accurately
acquiring information by video are enormous. Conventiohally,
large amounts of instrumentation and equipment are required to
acqulre all the necessary data from tank testing. This results in
added weight to the model, more calibration and the increased
possibiity of noisy cross-tatk in multiplexed signals. The use of
video avoids these problems by capturing all the data at once
without any interference with the model and the effects it is trying
to measure. Video capture also has no infiluence on the objects
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Figure 1 Comparison of various theories for flat plate lift. Lift
coefficient based upon aspect ratio (B/L).

in question since there is no added damping due to moving
mechanisms that would ordinarily be monitoring displacement,
velocities and accelerations; these can all be measurad remotely.
The system is seli-calibrating since alf the callbration Information
is contained within each frame of Information.

The equipment required for this particular data acquisition
technique is reduced to a power source, high definition video
cameras and a powerful computer. To this end a computer
vision system is employed wheraby the visual data Is acquired,
converted to digltal form and digitally analysed. Oncs the data
has been recorded, it can be reviewed at any time with the ability
to focus on any particular phenomenon desired. Provided the

video analysis hardware and software are capable enough, video.

footage of any object moving in any environment could be
analysed, This information can be archived, then analysed and
critically re-evaluated at any point.

The restriction on this type of data acquisltion is at present large
since the hardware ar software required for accurate automatic
identification of points of interest - specific locations within the
frarne for which coordinate information is required - from frame to
frame is expensive. The final extraction of the points of interest
were carried out manually. So although one of the main
advantages is the amount of information that can be captured
simultaneously, the actual amount of inforration that can be
processed at presert Is iimfted to a few frames, equivalent to a
couple of seconds of data.

2. EXPERIMENTAL PROGRAMME

Fridsma conducted a parametric series of tests to analyse the
performance of constant deadrise planing hulls In calm water,
regular{17] and irregular seas[18]. This extensive and well-
referenced experimental programme provided a wealth of
information concerning the important parameters associated with
planing craft perforrmance.
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One craft configuration, Configuration K, based upon the same
lines as Fridsma's constant deadrise monohulls was constructed
and tested by the authors. A body plan for Configuration K is
given in Figure 2. Fridsma's original model was 1.143m in length
overall compared to the authors’ craft length of 1.26m. All the

other dimensions and parameters have thersfore been
appropriately scaled, Table 1.
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Figure 2 Model lines for Configuration K

LOA, L 1.25m
Static LWL 1.20rn
Static Trim 1.4°
Chine Beam, B 0.25m
Depth, D 0.15625m
Deadrise, B 30°

Craft Weight, A 93.2N

C, (VALY 266 (4.00)
L/B 5

B/D : 1.6

k/B 1.235
LCG/B (from bow) 1.85

Ca 0.608
VCG/B (above keel) 0.30

Table 1 Experimental Model Particulars
{equivalent to Fridsma's Configuration K)

The testing facility used was the towing tank at Southampton
Institute, which has a maximum carriage tow speed of 4.2ms™.
Scaling problems restrict the size of the model to at least
1.25m — any srnaller and the scaled weight for model length is
difficult to achieve.

The ballast was arranged within the model to achisve the
correct gyradius, k, and zero-speed 1tim and transom
submargence. As in Fridsma’s tests, the craft was towed at the
centre of gravity and the thrust line was considered to be
horizortal and acting through the CG. The craft was allowed

® RINA Transactions 2001

Supplied by The British Library - "The world's knowledge"

freedomn to roll, pitch and heave in order that, through the
measurernent of sideforce, the model's longitudinal alignment
could be checked until there were no asymmetric motions.

Following Fridsmal[17] the effect of surge was neglacted and
the tests were carried out at constant speed. Craft heave and
pitch motions were measured in the standard way with
translational and rotational transducers, Resistance was
measured directly from the dynamometer.

Wave elevation was measured approximately one metre
abeam of the CG using a wave probe. It was found from
repeated runs with different wave probe locations that this
position of the wave probe had no effect on the craft response
and that due 1o the high forward speed the wave patterns from
sach body did not interfere.

Table 2

H/B 0111
AL 1,152 ,3,4,6

Table 2 Regular wave fest parameters

The tests in waves were carried out In regular head seas of
constant waveheight for varying encounter frequency, All data
was acquired and output using the WUMTIA {Wolfson Unit of
Marine Techrology and Industrial Aerodynamics) data
acquisition software suite. This standard data acquisition
method is referred to henoceforth In this paper as Electronic
Data Acquisition (EDA).
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A grid was defined on one side of the model in 8cm by 1em
patches and below the chine in 1cm by 1cm patches. These
patches provide the calibration for the computer vision data
acquisttion and aid location of particular points of interest. A
black and white seif-lluminating underwater camera was
rmounted just above the waterline normal to the direction of tow
and opposite the centre of gravity. The camera is connected to
a standard VHS video recorder and a monitor. The lighting
was positioned to ba on-axis to alleviate and minimise
shadows.

The trigger point for the Elsctronic Data Acquisition, EDA, was
automatic and data was acquired over 16m, equating to around
3 seconds for a tow speed of 4.2ms™. Unfortunately the length
of acquisition time could not be increased due to the limiting
length of the towing tank. Whiist this is not a problern for calm
water performarice, the number of motion cycles recorded for
the tests in waves is restricted, affecting the time-average.
This problem may be significant for waves of lower encounter
frequency, for example in waves six times the craft length (the
jowest tested encounter frequency), the data acquisition will
only record around 3 motion cycles. Neverthelass, in terms of
comparing the GVDA approach with the EDA approach, the
limited acquisiton time was not considersd important.
Furthermors, Fridsma's results described the resonant
response for this particular crait configuration to be In
wavelengths between three and four boat lengths, which
allowed for aimost double the number of motion cycles 10 be
recorded compared to the lowest wave encounter frequency.

The computer vision data acquisition was triggered manually
after the electronic acquisition had started and stopped before
the electronic acquisition stopped. This enabled the video
capture of purely steady-state planing and not the capture of
information as the craft decelerated at the end of its run.

The VHS information was then digitised using standard Silicon
Graphics Media Recorder and Converler software and
decomposed into individual JPEG-compressed frames so that
25 frames corresponded to 1 second of real-ime data. The
Intention was to analyse each frame automatically with image
recognition hardware and software for significant points of
interest. However the limitations, expense and availability of
this technology at the time these experiments were conducted
in 1097 meant that each frame was manually analysed instead
using the image editor XV-3.10a. As technology has Improved
in Computer Vision systems since the time these experiments
were performed (for example in the analysis of human
movement), the original video footage could be re-examined
but for the purposes of the investigation at the time, manual
extraction of points of interast was acceptable.

Co-ordinate information from each digltised frame was laken
regarding the deck proflle, carrlage rail profile, keelwater
intersection point and spray sheet/chine intersection. The
calibration was taken from the known grid size on the model
hull, and the camera orientation from the carrlage rail profile.
The problem of paraliax was readily checked for by looking at
the varlation of callbration constants over différent locations
within the captured frames and was found to be negligible. The
co-ordinate data was then converted into real quantities and
output in the form of heave and pitch displacements and wetted
length data.

An example sequence is shown in Figure 4. This sequence is
for an experimental run Into waves twice the boat length. Two
points of interest have been highlighted on the deck edge ard
the outline of the spray area overlaid onto each irage. With
small scale models, surface tension effects may present a
problem concsrning the ability of the fluid flow to detach from
the chine. Fridsma attached celluloid strips to the chine-line to
force detachment of the spray sheet. The authors’ model was
only 10% longer than Fridsma’s craft, yet it was observed
during the tests, and indicated in the white-outlined zone in
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Figure 4, that the spray sheet detaches cleanly from the chine,
Surface tension effects were, therefors, neglected.

Calm water tests were carried out inftially before towing the
craft into regular head waves ranging in wavelength from 110 6
boat lengths. The calm water tests provide a level of
contfidence in the CVDA system albeit that the phenomena
being recorded are quasi static.
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Figura 3 Correlation between CVDA and EDA for
measured craft sinkage

N

Figure 4 Sequence of digitized images taken every 0.2
saconds. A/L=2.
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Figure 5 Correlation batween CVDA and EDA for
measured craft trim
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3. RESULTS

Figure 8 and Figure 5 respectively show the sinkage and trim
of the craft from zero 1o fuil speed measured using EDA and
plotted against the results from the CVDA.

As expected, there is negligible difference between the two
systems. Figure 6 and Figure 7 respectively describe the
difference in these newly measured (EDA) sinkage and trim

values with Fridsma's resuits.

The rosults are comparable in

behaviour although it appears that the new model requires a
higher speed for the centre of gravity to rise. The new rmodel
sits lower in the water at full planing spesed than Fridsma's with

a much higher trim angle.
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Figure 7 EDA values versus Fridsma [17] values for craft
Trim

Wetted length data Is measured from the computer vision data
acquisition for the range of speeds from zero to a planing
speed of C,= 2.66. Comparison with Fridema's result is good,
applicabllity) Figure 6, but does show a slight decrease in
manitude over the higher speed range (C, >1.00). This is
directly atiributable fo the increased trim angle for this speed
rang despite the lower position of the CG in the water.
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Figure 6 EDA values vs. Fridsma [17] values for craft
sinkage. Mean wetted length ratio, L,/B, evaluated using
CVDA,

Sinkage and trim of this particular planing craft configuration
can also be determined theorstically. Savitsky [16] Includes
Koebel et af's [20] plot which summarises the relationship
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3, RESULTS

6 —
5 ? Vad Figure 8 and Figure 5 respectively show the sinkage and trim
/ of the craft from zero to full speed measured using EDA and
4+ & plotted against the results from the CVDA.
<
o
< 3+ . As expected, there is negligible difference between the two
;% y=1.0042x% systems. Figure 6 and Figure 7 respectively describe the
2T R = 0.5998 difference in these newly measured (EDA) sinkage and trim
o/ values with Fridsma's results. The results are comparabie in
I- behaviour although it appears that the new model recuires a

higher speed for the centre of gravity to rise. The new model

0 =ttt sits lower in the water at full planing spesd than Fridsma's with
0 1 2 3 4 5 ¢ a much higher trim angle.
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between planing [lift, centre of pressure and wetted area
according to Savitsky's equations and making the assumption
that all forces act through the centre of gravity. This plot is
reprodiuced in Figure 8.

The validity of the plot is restricted to 2< €,£13.0 and

2° <7< 15° and L/B < 4. The values of trim and mean wetted
fength for Fridsma's last three craft speeds (within the range of
applicability) are shown in Figure 9 and Figure 10 respectively,
and are compared to the authors' experimental values for trim
and mean weeted length which fall within the prescribed
poundary conditions. The predicted values from Koebel et al’s
nomograrn are represented in the figures by solid lines. These
values are derived from knowledge of the distance of the
centre of pressure from the transom (the normal force acting
through the cenire of gravity, 1.958 from the transor) and the
speed cosfficient, C,.

Whilst the mean wetted length is in good agreemenit (less than
6% error), the trim angle is generally overpredicted, reducing In
error at the highest speed ratio. There aie two possible
reasons for this. Firstly the [ift, a summation of hydrostatic and
hydrodynamic components, is underpredicted, requiring a
greater immersion to realise a larger hydrostatle contribution to
ift. Aliernatively, neither the viscous component of drag or the
centre of pressure pass through the centre of gravity, thereby
negating the applicability of the theory illustrated in Figure 8.
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Figure 9 Comparison of experimental and predicted [1 6] tim
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Figure 10 Cornparison of experimantal and predicted {16] mean
wetted length values
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The rosistance results are shown In Flgurs 11, ard
demonstrate that the authors’ results compare favourably with
Fridsma’s results albeit with a higher resistance at larger speed
cosfficient, G,>1.75. This Is accounted for by the model sitting
Jowar in the water than Fridsma's at full planing spsed and with
a higher trim angle, adversely affecting both the lift vector angle
(increasing the pressure drag) and the viscous component of
drag. Figure 12 shows the comparison between the authors’
and Fridsma's experimental values of drag/lift ratio and the
values of drag/ift from Savitsky's predicted mean wetted length
and trim (from Koebel et al's nomogram).
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Figure 11 Comparison between Fridsma and authors’
experimental values for craft drag/lift ratio

One more plot can also be shown on the same figure, derived
from Savitsky's theoretical drag/lift ratio given the experimental
values for trim and mean wetted length. From [16], the
expression for drag/lift ratio in calm water is given &s,

o %)

1
Crpcoszcos M

R tnr+
A

where V/V describes the ratio of the average bottom velocity to
the forward planing velocity (see [16] for a full description).
The skin friction coefficient, C, Is defined by the ITTC formula,

_ 0.075 @
/ [(log Rn)- 2
The lift coefficient, C,4 is given by,
Cpp=Cry—0.00655C, ¢ (3)

whers,
3
L, 2
Cpo =71 0.012 =07 +0.0055[-L-§-)2 “@

Figure 12 shows that the prediction of draglift ratio from
experimental mean wetted length and trim Is in good
agreement with the experiments.
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Figure 18 Comparison between Fridsma and authors’
experimental values for craft heave (EDA and CVDA)
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Figure 14 Comparison between Fridsma and authors’
experimental valuas for craft pitch (EDA and CVDA)
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3.1. Regular Waves

Figure 13 and Figure 14 show the heave and pitch responses
of the craft in regular waves ranging from wavelengths of 1t0 &
craft lengths. The solid lines relate to the measured response
through the standard electronic data acquisition, EDA, whilst
the triangles correspond to the CVDA approach. Both results
are derived from the average magnitude of the peak-peak
motions acquired by each respective method. The heave
response is non-dimensionalised by waveheight and the pitch
response by waveslope.

The results shown are for one particular experimental set which
is used as a benchmark - in this manner the CVDA time-
histories can be compared directly to the standard electronic
data acquisition results, which would be impossible if an
average resuft measured from all the experimental test runs

was used.

The magnitude of the peak responses and the frequencles at
which they occur agres very well with Fridsma’s rasults for both
the EDA and CVDA approaches. However, at longer
wavelengths, the boat responses are greater especially for
pitch. The calm water discrepancies in running trim and
sinkage are undoubtedly & contributory factor, but also the
length of ime over which the data is acquired will affect the
time-average. The test results from the EDA showed little
variation between experiments at the higher encounter
frequencies but at the longer wavelengths more disparity was
evident. This indeed refiects the disadvantage of the restricted
data acquisition time.

In order for the whole craft length to be Investigated using the
CVDA technique, the Image can only be calibrated to 1mm.
Allowing for a 1mm error in identifying the correct location of a
specific point of interest from the CVDA data produces the
error bars in the above figures. Since motions of the planing
craft move from a platforming condition in short waveslengths to
contouring in long wavelengths with increasingly larger
excursions about the mean position, the importance of the
calibration size and error on the resulting value for peak to
peak motion diminishes (from around 20% to 3%). Directing
the CVDA on speciiic areas of interest can circumvent this
problem.
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Figura 15 Comparison between time histories of craft motions
measured using EDA and CVDA, Wetted length acquired by CVDA
vs. predicted values. (A/L=3)
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Figure 16 Comparison between time histories of craft motions
measured using EDA and CVDA. Woetted length acquired by CVDA
vs. predicted values, (ML=4)*
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Figure 17 Comparison between time histories of craft motions
measured using EDA and CVDA. Wetted length acquired by
CVDA vs. predicted values. (A/L=6)

A window of the time histories for heave response (normalised
with respect to waveheight) and pitch response (normalised
with respect to waveslope) is shown in Figure 15 to Figure 17
Wetted keel lengths, normalised with respect to chine beam,
are also shown and discussed In Section 3.3. The solid lines
refer to the EDA approach whilst the symbols refer io the
CVDA results. Error bars are not shown for clarity but heave
" can be acquired through CVDA to + 1mm and pitch to £ 0.1° for
the camera setup described. These time-historles show the
correct frequency and, for that part of the run recorded, very
similar magnitude In response to the corresponding time history
from the EDA.

3.2. Added Reslstance

Figure 19 shows the mean rough water resistance of the craft
over decreasing encounter frequencles. At longer
wavelengths, the craft resistance approaches the calm water
value shown in Figure 18. However, as with the calm water

2 1.0 has besn added to wetted keel length values in Figure 16
for clarity

400

resistance, the resistance In waves is larger than Fridsma's
results.

The resistance increment’, A,,, or added resistance when the
craft is travelling In waves is shown in Figure 20. This
describes the reduction in added resistance with decreasing
encourter frequency and in fact at the longer wavelengths, the
resistance drops below the caim water value.

0.25 4
1 O Authors'
: Fridsma
0.20 -
0.15

R/A

0.10 -

0.05

0.00

Figure 18 Comparison betwean Fridsma and authors'
experimental values for craft caim water resistance.

3.3. Wetted Data

Wetted keel length data, measured using the CVDA, is shown
in Figure 15 to Figure 17, normalised with respect to craft chine
beam. Due to time constraints, chine wetted lengths were not
racorded. The maximum wetted values occur when heave is a
minimum; the piich angle attenuates the size of the wetted
length change. The mean wetted keel length increases slightly
with decreasing encounter frequency. The implication of this
alone would seem to be that the resistance in waves increases
slightly with decreasing encounter frequency — this is not bormne

0.25
0.203;:5::5::::'—---0 _________ -
E‘“’"”“‘E _________ a
0.15
3' )
0.10
—e- ]
0.05 Authors
~ & - Fridsma
0.00 . . . . ,
1 2 3 4 5 6
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Figure 19 Comparlson between Fridsma and authors’
experimental values for craft resistance in regular head
seas.

° The added resistance Is the differance between A, and A,
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Figure 20 Comparison between Fridsma and authors’
experimental values for craft added resistance in waves
(Rw'Rc)-

out by Figure 19 and Figure 20. However, resistance for
planing craft Is not a function of wetted keel length but a
function of mean wetted length. At longer wavelengths, the
mean wetted length (an average of the chine and keel wetted
lengths) will approach the calm water running value. This
requires a slight reduction in the mean wetted chine length to
complement the slight increase in mean wefted keel length.

As the magnitude of the wetted surface approaches the caim
water running value, the resistance would be expected to as
well. However it has already been seen that the resistance at
longer encountered wavelengths reduces he resistance below
the calm water value. Consequently, for a slightly increasing
wetted keel length, the wetted chine length musi reducs fairty
significantly for the resistance to be less in long waves than in
calm water.

This discussion of wetted lengths demonstrates the imporlanoe/

they play in the resistance and lift of the planing craftl. A
methad for predicting these two quantities based upon the
wetted lengths would be advantageous which requires the
prediction of the wetted lengths in the first instance. In calm
water, Savitsky's expressions for wetted lengths based upon
trim angle, beam and deadrise show favourable comparison
with previous experimental results and, in a limited fashion, the
experiments described herein rsinforce this confidence. From
these expressions, Savitsky relates the subsequently
generated lift and resistance which also compare well with
experimental resuits {16]. [f these expressions for wetted
lengths could be applied dynamically for use in waves then lift
and resistance in waves could be predicted.

3.31.  Woetted Keel Length

Savitsky's expression for wetted kes! length in calm water
planing is given as
btan B

L,=L_+
kTEm T ortant

(5)

where 7 is the steady-state trim angle, L, Is the mean wetted
length, b is the chine beam.

L, is not a function of time, but if it were then a dynamic
equation could be hypothesised as,

© RINA Transactions 2001

L= Ln )5l ®

where &) Is the Instantaneous plich angle and is a function of
time, Since chine wetted lengths have not been measurad in
the rough water tests, L(f) s replaced by a constant of 3.75
craft beams, an average mean wetted length valus from Figure
10 for this craft speed (C,#2.66). Heave Is introduced Into the
equation and coefficients are fitted so that the resulting
expression matches measured results. This leads to the
following equation,

27 tan 6(t)

where z() Is the instantaneous heave, A, B and C are fitted
coefflcients. .

L {t)= A{B+(3.75+Mj—32(1)}+ cC w

This equation is not explicit, has no rigorous mathematical
basis and merely represents curiosity on the part of the authors
to relate caim water predictions of wetted data to the dynamic
wetted date in waves. The broken lines in Figure 15 to Figure
17 show the predicted wetted keel lengths from equation (7)
with actual measured wetted kesl lengths using CVDA, The
results show very good agreement, as would be expected
since the coefficients were varied until the predicted resuits
match. However, Figure 21 shows the variation of the
coefficients with wavelength and demonstrates a definite linear
relationship for the coefficients with increasing wavelength.
This implies that despite the simple approach outlined above,
the caim-water time-independent wetted keel length predictions
can be manipulated into evaluating the dynamic wetted keel
length in waves. With this ability to predict the dynamic wetted
lengths and given that the hydrodynamic forces are a function
of wetted area, it would seem possible to evaluate dynamic Iift
and resistance given only limited data of beam and deadrise
and the temporal data of heave and pitch.

It is important to note that the values for the fitted coefficlents
(A, B and C) and the assumed value for the mean wetted
length of 3.75 In equation (7) will depend on many parameters.
These values will change between different planing craft since
they are intrinsic to each planing craft's design and operating
and environmental conditions. The measurement of wetted
chine lengths would no doubt significantly simplify the
formulation of the above expressions.
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Figure 21 Behaviour of fitted cosfficients (4, B and C) with
wavelength

Troesch[21] employed a similar technique in investigating the
dynamic variation of wetted lengths of craft undergoing forced
perturbations In either heave or pitch. Equation {4) of that
paper was plotted against Troesch’'s measured values from
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analogue videotaps analysis and showed excellent agreament
between the predicted wetted kee! lengths, Chine wetted
fengths were not however as well predicted, but again correct
identification of water/chine Intersection was difficuft due to the
obtrusive presence of the spray jet.

3.3.2 Resistance in Waves

Savitsky’s equations are based upon mean wetled lengths (an
average of chine and keel wetted length) whereas the dynarnic
variation seems at first hand 10 be solely based on wetted keel
lengths. However, the variation of the coefficients A, 8 and C
allow for frequency dependence and chine wetled length
variation — corrections for the assumption that L  Is not &
function of time. Advancing the hypothesis that calm water
equations may be applied in a dynamic sense using the
aforementioned coefficients and temporal data for heavs, pitch
and wetted keel length, Savitsky’s caim water equations for
planing resistance are adapted.

From equation (1), calm water running trim angle, 7 is replaced
by pitch angie &1). The lift coefficlent, C,.(t), and skin friction
coefficient, C(t), are now also dependent on time and are
defined assurning that the time-varying mean wetted length,
L), can be described by equation (6). From these
assurnptions, the results described In Figure 22 are produced
and are compared to the authors’ experimentally determined
valugs. The values for mean resistance in waves are in fair
agreement for all wavelangths, especially if one considers the
agreement between the predicted drag/lift ratio and the
experimental drag/ift ratlo described In Figure 12 for calm
water performance. Savitsky's equation (equation (1)) over
predicts the drag/lift ratio.
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Flgure 22 Comparison authors' experimental values for
craft resistance In regular head seas and the resistance
as predicted applying a quasi-steady variation to
Savitsky's calm water equations.

4. CONCLUSIONS

Conducting planing craft experiments provides the necessary
data by which to assess, validate and improve theory designed
to predict and accurately simulate planing craft performance.
However the dynamic phenomena associated with flow over
planing hulls Increasss the complexity of accurately measuring
the required quantities. Large scatter between the resuits of
“ldentical” experimental programmes brings into question the
validity of applying empirical fits for performance prediction. In
order to help standardise the method by which planing craft
experiments are practised, the CVDA system was initiated,
tested and the resulis presented herein.
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In Conclusion,

1, The use of a computer vision data acquisition technigue
demonstrated #s importance in being able to identify
specific points of intersst and remotely capture large
amounts of data.

2. The CVDA system was as successiul in accurately
acquiring motion data as the EDA approach.

3. In addition to the motion data, CVDA Is able to measure
the chine and keel wetted lengths. The wetted length
values in calm watser compared favourably with the results
of 30 years previous{17].

4. The predictions of calm water wetted lengths from
Savitsky's empirical calm water equations had favourable
comparison with the values acquired through CVDA.

5. The ability of CVDA to measure the dynamic wetted keel
lengths in waves resulted In the advancement of
Savitsky's caim water equations to predict wetted keel
lengths In waves. The inclusion of wetted chine length
measurement using the CVDA approach should
significantly improve the simplicity of the formulatior.

6. The successful prediction of dynamic wetted lengths from
calm water equations provided the encouragement to
employ the same family of equations In a dynamic sense
{o quantify the lift forces and resistance in waves, The
predicted results for craft resistance are favourable with
experiments.
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WRITTEN DISCUSSION

Dr Lewandowskl: The Davidson Laboratory has been
successfully determining wetted keel and chins length In calm
water by use of underwater photographs for many years. The
video system discussed in the paper would appear to be
advantageous in that less setup effort is required; however, this
might be at the expense of accuracy. The pressure area can
be unmistakably identified in undsrwater photographs, whereas
the spray root may well be obscured by the spray in above-
water photos, particularly for lower deadrises than the 30deg
gonsidered in the paper.

Note that thers is a distinction between the pressure area,
which is generally assumed to support the load, and the total
wetted area, which includes the “spray area” forward of the
spray root. As defined by Savitsky in Reference 18 of the
paper, the wetted keel and chine lengths ate to be measured
from the spray root. However, the authors state that they were
examining the “spray sheet/chine intersaction” in their analysis
of the video frames, which lies forward of the spray root line.

With regard to the comments relative to the “large amounts of
instrumentation and equipment required to aoquire all
necessary data” in planing hull tests, the proposed
methodology obviates the necessity for heave and trim/pitch
transducers (and possibly accelerometers, although this
remains to be demonstrated); these are minor contributors to
the weight of the apparatus and calibration is straightforward.
The drag transducer is typically the only instrument that
contributes significantly to the weight of the model, and is
required in both systems.
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Would the authors care to comment on the lack of agreement
of thelr measured rim with Fridsma's data (Figures 7 and 9)7
This would indicate that the model and/or test conditions
differed in the two tests, or that one of the data sets contains
errors,

Finally, the point of the “wetted kesl length” discussion is not
clear. The utility of a forrmula such as Equation 7 is limited to
cases in which one knows L () as well as z(t) and 8(t), but not
L. In practice one usually determines L, from
measuremants of L, and L. In addition, the form of Equation 7
does not appear o be corredt, since the change in L, resulting
from vertical motion z should be inversely proportional to sine.
We would propose a relationship of the form

dycosO-2

L, =A{x0 +—ﬂ-—,9§3——}+13
in 0

where X, and d, are the longitudinal and vertical coordinates of
ihe fowpoint {trim axis and heave reference point) relative to
the transom and keel, respectively, and the heave z is o be
measured from the calm water surface to the reference point
(and thus is generally nonzero at zero speed), positive
upwards. The quantity in brackets is the “static keel wetted
length”, which is the value one would obtain from geometry i
there were no “dynamic wave rise”.

Dr. Yukio Kaneko, (FRINA): | am & practical designer, neither
an experimentalist nor a theorist. In my experience on several
high-speed boats near planning or above, usually actual
running tims are far less than calculated ones based on
“Savitsky et al. 8’ methods” . Many designers may have their
own corrections on Prismatic Models. Even in case Prismatic
Models, as authors of this paper point out, trimmings angles
are scattered. There seems to be many reasons including
experimental accuracies. In case of actual boats, running trim
s preferable under 4°. If maln reason exists on prismatic hull,
expariments on modified prismatic hull should be carried out In
future, for Instance, horizontal part added to at chine line and
its size varled systematically. if possible transverse, distribution
of planing pressure will be useiul.

AUTHORS REPLY:

The authors would like to thank Dr Lewandowski for his
comments. The video systern was driven by the need 1o
capture information regarding wetted surface so ag 1o enable
validation and verification to be made to particular seakeeping
characteristics predicted by a numerical model. Furthermore,
the set-up was designed to be as simple as possible to enable
the extension of monitoring wetted surface data on scale
models 1o full scale testing. The authors recognise the
Importance of the work carried out by, amongst others, the
Davidson Laboratory, and clte some of these works in the
paper.  Stiil pholographs were considered to be an
inappropriate method in obtaining transient data and so a video
system was employed. It is true that the pressure area (of
primary concern to a hydrodynamicist) can be most easily
identified from under the water but measurement of vertical
motions precluded this method. The chine wetled length was
indeed measured by observation of the spray area, where the
tail of the spray area intersecting with the chine was taken as
the spray root line intersection with the chine.

Regarding the weight-saving In equipment, the authors
acknowisdge the relalive contribution of each Hfem of
instrumentation to the total weight set aside for ballast and
whilst any saving in weight is a bonus for high speed craft
testing, the authors agree that the dynamometer contributes
the largest proportion of the total weight and is necessary for
resistance analyses by whichever method (either CVDA or
EDA). However, the other benefits of GVDA in terms of cost,
consistency of resuits and ease of setup remain.
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ler The discrepancies in trim and sinkage between Fridsma's jound to have a similarly linear variation with respect to
ide results and the author's are quite large at higher speeds in encounter frequency but the value of wetted keel length
obt calm water (leading to a subsaquent change In regular wave pradicted In this manner is in less agreement with experimental
performance). The reason for this Is uncertain given that the memsurements.  Figure 23 shows the differsnce between
- oraft in sach case were tested under the "sama® conditions - wetted keel lengths predicted by the respective methods and
3.8 geometry, speed, Mass distribution, etc. 1t may be seenio be the weftted kesl length measured  experimentally for
too convenient o pass off the discrepancies as another wavelsngth/craft length of 3, 4 and 6. The extra coefficlents in
Sa example of the “problem of experimental repeatability” and the author's formulation allow for @ better fit to the data
ave make no further comment about this, but without further regardiess of its scientlfic "correctness’.
van investigation into each test set-up we cannot determine the
tany cause of the disagresments. The authors would like to thank Dr Kaneko on his comments.
allo The systematic study carried out by Fridsma was extremely
varl The discussion involving wetted keel length was driven by the important In quantifying the effects of changes to a prisrnatic
func observation that a simple measurement of wetted lengih could planing hull. Further investigations were required in order to
equ producs important information and good estimates on planing provide information on hull warping, stepped chines, spray rail
ator crafi resistance. The formulation is not mathematically placement and other features that pertain to more reaflstic sea-
and rigorously derived. The wetted keel length predicted in this going designs. Experimental data from the systematic variation
vplan manner was matched to the experimontal results by assuming of such parameters is rare in the public domain. The authors
that the Instantansous vaiue of wetted keel length was directly agree that transverse pressure distributions would™ provide
Fror proportional to the craft's instantanaous sinkage in addition to Useful information on the fiuld-structure Interaction and be
by p the Inverse of the Instantaneous trim angle - the effect of inveluable in the development of computational fluid dynamic
coef sinkage in addition to the effect of tnim. The coefficlents solutions 1o the planing problem.
defir employed in this highly empirical forrulation were varied until
L,(0). the data matched experimental results. Using the contributor's
::Z” more rigorously derived equation, the coefficlents A and B are
value
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