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NOTATION


A Projected area bounded by chines and transom, in plan


view


B Breadth over chines at any point


BA  Mean breadth over chines, A/L


Pt Breadth over chines at transom


B1  Maximum breadth over chines


SBaseline


bhp Engine brake horsepower


Centerline


CG Center of gravity


CHF Draft coefficient at rest, forward; equals draft at
100% L (Measured from tangent to mean buttock at stern)
multiplied by A/V


CHA Draft coefficient at rest, aft; equals draft at 0% L
(measured from tangent to mean buttock at stern) multi-
plied by A/v


ehp Effective horsepower


Fnv Froude number based on volume, v/V gv 1 /3


g Acceleration due to gravity


L Overall length of the area A, measured parallel to baseline


LCG Longitudinal center of gravity location


R Total resistance, lb


S Wetted surface, area of (includes side wetted area at
low speeds)


SW/FW Density ratio, salt water to fresh water
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NOTATION (continued)


v Speed


V Speed, knots


w Density of water (weight per unit volume)


WLC Intersection of chine with solid water, forward of O%L, ft


WLK Wetted length of keel, forward of O%L, ft


WLSP Intersection of chine with spray, forward of O%L, ft


Linear ratio, ship to model


c Angle with horizontal of mean buttock at stern, degrees


3 Deadrise angle of hull bottom, degrees


A Displacement at rest, weight of


Trim angle of hull with respect to attitude as drawn


V Displacement at rest, volume of


Subscripts:


M, m Model


S, s Ship


o Value at rest
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ANALYZING THE STEPLESS PLANING BOAT*


By


Eugene P. Clement


INTRODUCTION


During recent years the David Taylor Model Basin has towed
a number of models of planing craft in smooth water to deter-
mine resistance, trim angle, wetted lengths and wetted surface.
In most cases each of these models was considered to represent
a particular full-scale boat, and the data obtained were-pre-
sented in dimensional form for specific boat dimensions and
displacements. Each model however, can represent a boat of any
size. Therefore, when a new design is to be developed, all
models of previous designs can be considered to represent boats
of the size of the new design, and the data on their performance
can be used for guidance. In order to do this easily the desi-gner
needs to have the information on the previous designs in suitable
form0 The purpose of this report is mainly to indicate appro-
priate methods of presenting and utilizing the accumulated
information on hull forms and model test results for planing
boats to guide the design of future boats.


In this report the important planing hull parameters are
defined and a convenient method of combining them in a hull-
form characteristics sheet is shown. A plan for presenting
model test results in a dimensionless form suitable for com-
parison and analysis is next given. The hull-form character-
istics and model test results are at present being incorporated
in a Taylor Model Basin design data sheet, an example of which
is given. The effects on performance of variations in some
of the primary parameters are then illustrated and discussed.:
Also, methods are proposed for improving the usefulness of
futurp model tests for purposes of comparison and analysis.
Finally, a step by step design method is proposed, and data
are presented which it is believed will assist the designer in
making design decisions quickly and with assurance of correct-
ness.


* This report combines, with some alterations, two papers
presented by the author to the Chesapeake Section of the
SNAME: "The Analysis of Stepless Planing Hulls" on 3 May 1951
and "Hull Form of Stepless Planing Boats" on 12 January 1955.
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HULL FORM AND HULL LOADING PARAMETERS


The primary parameters affecting the performance of planing
hulls, in the approximate order of their importance, are as
follows:


(a) Ratio of length to beam. This important ratio is
defined here as the ratio of the length L, of the hull bottom,
to the mean breadth BA, of the chines (see Notation pg ii).
The chief reason for defining the length of a planing hull
in this way is so that only one value of the length dimension
will be assigned to each set of lines. If the length dimen-
sion is defined as the length of the load waterline, then a
given set of lines could conceivably have various lengths
assigned to it at different times, depending upon the particu-
lar displacement and center of gravity location of each instance.


(b) Size-displacement, or areas coefficient. The relation-
ship between hull size and gross weight can be expressed in
convenient dimensionless form by the ratio A/V / , where A is
the projected area bounded by the chines and transom, in plan
view, and V is the volume of water displaced at rest. Since
this coefficient is dimensionless it yields the same value for
geometrically similar boats of different size but of correspond-
ing loading. It also yields the same value for two boats
which have different length-beam ratios but the same area, A,
and the same displacement. If two designs having different
ratios of length to beam are compared on the basis of equal
values of A/V / 3 the comparison will be a valid one; for, to
a good first approximation (assuming the same depth of hull
and similar, construction) the two designs will then have equal
hull area, equal hull volume, and equal hull structural weight.


It does not appear possible to make as plausible a case
for any of the other coefficients which have been used to
characterize the size-displacement relationship of planing boats.
The well known displacemgnt-length ratio, A/(L/100)3 , and the
load coefficient, A/wBx3 , are the ones most cqmmonly employed.
The unsatisfactory result of using A/(L/100)i as the size-
displacement criterion may best be illustrated by an example.
Suppose that two sets of lines, A & B, are under consideration
for a boat of given displacement, and that design A has a
higher ratio of length to beam than design B. Com arison of
these two designs on the basis of equal A/(L/100). will then
result in comparing the two boats at the same length and dis-
placement. Compared in this manner, however, design B has
more beam, more hull area, and' (assuming the same depth of hull,
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and similar construction) more hull volume and more hull
structural weight than design A. These differences will
clearly preclude a valid comparison. A similar confusion
would result if he two designs were compared on the basis
of equal A/wBx •


(c) Longitudinal CG location. It is considered appro-
priate to define longitudinal CG location as the distance of
the CG from the centroid of the area, A, expressed as a per-
centage of the length L.


(d) Deadrise. Deadrise angle of the hull bottom generally
varies from a large angle near the bow to an angle of a few
degrees at the transom. The variation of this important angle
throughout the length of the boat can be indicated by approxi-
mating each section of the body plan by a straight line (see
Figure 1) and then plotting a curve of deadrise variation
versus boat length. Examples of this curve, for three different
designs, are shown in Figure 2. The variation of deadrise angle
with boat length generally gives very nearly a straight line for
the after half of the hull length.


(e) Longitudinal curvature. The longitudinal curvature
of the hull bottom is shown by the shape of the buttock lines.
For purposes of comparison and analysis it is desirable to
define an average, or meang buttock. This can be conveniently
done by intersecting the straight line approximations to the
body plan sections by a buttock plane spaced at BA/4 from the
centerline plane, as shown in Figure 1. Examplestof the mean
buttock curves obtained by this method are shown in dimension-
less form in Figure 3a. The mean buttock lines shown in Figure
3a reflect the gene1al .practice to have straight buttock lines
in the after portion of planing hull bottoms. Buttock lines
are generally straight for at least the after 30 per cent of
the hull length. It is difficult to make further comparisons
of the buttock lines as they appear in Figure 3a, since their
attitudes, and their heights from the horizontal axis, reflect
the arbitrary attitudes and heights above the baseline at
which the corresponding lines were originally drawn. Comparison
and analysis can be facilitated? therefore, by shifting each
mean buttock curve so that its after end is tangent to the
horizontal axis of the graph. The mean battock lined of
Figure 3a, after being shifted in this manner, are shown in
Figure 3b. In the presentation of model test results in this
report the angle of attack, or running trim of a hull is
defined as the angle which the tangent to the mean buttock at
the stern makes with the horizontal. This angle is designated C.
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(f) Plan view of chine. The significant features which
are determined by the shape of the chine line in plan view are
the length/beam ratio of the boat and the fore-and-aft distri-
bution of breadth and of bottom area. Length/beam ratio has
already been adequately defined as the ratio L/BA. Therefore,
it is desirable to reduce the plan view of the chine line to a
form which is independent of length/beam ratio, in order to
compare relative fore-and-aft distribution of bottom area.
This is accomplished by plotting the ratio of local chine
breadth to BA, against hull length as shown in Figure 4.
Each of the chine lines in Figure 4 encloses the same area,
although the ratios L/BA of the hulls from which they were
derived are all different. Several dimensionless ratios
indicative of the relative fore-and-aft distribution of breadth
are apparent in Figure 4. First, the location of the point of
maximum chine breadth, as a percentage of hull length from the
transom, is apparent. Also, the ratios of maximum breadth
and of transom breadth to the mean breadth (BA) can be read
directly from the scale of the ordinate. An important criterion
of the fore-and-aft distribution of the plan-view bottom area
(area, A) is the location of the centroid of this area. This
dimension is given in Figure 4, for the different designs.


(g) Type of section. Planing boat sections generally fall
into one of the following four categories:


1. Concave - An example of this type of section is shown
in Figure 1.


2. Convex - The use of developable surfaces will generally
result in this type of section.


3. Convex at keel and concave at chine - This type is
exemplified by the British Vosper PT boat of World
War II.


4. Concave at keel and convex at chine


All of the foregoing parameters of hull form and hull
loading are incorporated in the Taylor Model Basin's design
data sheet for planing boats an example of which is shown
in Figure 5. Also included in Figure 5 are draft coefficients
at bow and stern for each of the model test conditions. Drafts
at rest were measured up from the straight line which is
tangent to the mean buttock at the stern. The draft readings
were then converted to dimensionless coefficient form on the
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is to compare the resistances of planing hulls by plotting the
rati _of resistance to displacement against speed-length ratio
(V/ L). This method often gives an incorrect comparison, as
shown by the following example. Suppose that a 100,000 lb.,
40 knot boat is required. In Figure 6 the resistance Curves for
two models having different values of length-displacement con-
stant (L/V /3) are plotted in the usual manner*. Figure 6
gives the impression that a boat based on Model 2727 would
have higher resistance than a boat based on Model 2742. Such
is not the case, however, because the use of V/T as abscissa
does not bring the actual full scale speeds into correspondence.
That is, since the models have different values of length-
displacement constant (L/VI/3 ), a given value of V/IVT does not
correspond to the same full scale speed for both designs. For
Model 2727, expanded to 100,000 lbs. displacement, 40 knots
corresponds to a value of V//LT = 3.93, while for Model 2742,
expanded to 100,000 lbs. displacement, 40 knots corresponds to
a value of V/L = 4.95. Therefore, plotting R/A against
V/L-amounts, in this case, to comparing the resistances of
the two designs at entirely different speeds. What is required
is a plot of R/A versus a coefficient which will bring the full
scale speeds into alignment. The speed coefficient Fnv is
correct for the purpose because it is derived from the signifi-
cant.quantities of the design problem, i.e.: speed and dis-
placement. In Figure 7, the data from Figure 6 have been re-
plotted on an abscissa of Fnv . Here, the resistance curves are
shown in their correct relationship, and the order of super-
Siority is the reverse of that shown in Figure 6. The value of
Fnv = 3.5 corresponds to 40 knots for both designs at 100,000
lbs displacement. More generally, a particular value of Fnv
corresponds to the same full scale speed for both designs, for
the same displacement.


A resistance comparison made by plotting R/A versus V/ TL
will be incorrect unless the length-displacement constant
(L/V'3) is identical for both hulls, and an identity of L/V
will generally not.be the case. Confusion and error will also
result from using the speed coefficient vA/Vx (which is some-
times used for planing boat analysis) to compare hulls of
different proportions, except when the ratio Bx/V'/(or A/wBx


3 )
is the same for both boats.


* These values are taken from the original data for Reference 1.
The data for Model 2727 are from the test at .normal displacement
and 20 initial trim by stern. The data for Model 2742 are from
the test at normal displacement and 00 initial trim. No correc-
tion for the difference in the frictional resistance coefficients
of model and full size boat has been made, singce that seemed
unnecessary for the purpose of this illustratio.
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basis of the following reasoning:


V
Draft is proportional to -r-


Then, draft = (draft coefficient) x -7 .


Therefore, draft coefficient (CH) = draft x- A


The draft coefficient defined in this way is independent
of differences in absolute size and of differences in length/
beam ratio. Also, by measuring the draft from the tangent to
the mean buttock, this draft coefficient is made relatively
independent of differences in deadrise angle. Accordingly
the draft coefficients for a new design can be approximately
determined when draft coefficients are available from a pre-
vious similar design. The two designs should be similar in
respect to A/V'- , CG locationg and longitudinal curvature.
Differehces in type of section and in plan form of chine should
cause only slight changes in the relative values of the draft
coefficients.


PERFORMANCE CHARACTERISTICS


A performance characteristics sheet, which presents
model test results for planing hulls in a dimensionless form
suitable for comparison and analysis, is included in the design
data sheet shown in Figure 5, Also included in the design
data sheet are the hull lines and other pertinent dimensions
and coefficients. It is the intention of the Taylor Model Basin
to prepare such a design data sheet for each planing hull model
tested in the future, and also for a selected number of those
models previously tested.


Since displacement is a fundamental design quantity it is
desirable to compare hull forms on the basis of equal displace-
ment. This is facilitated in the performance characteristics
sheet shown in Figure 5 by relating each of the variables,
speed, resistance and wetted sur ace to displacement, by means
of the dimensionless ratios v/ gV , R/A and S/V ,
respectively.


Relating resistance to displacement as indicated here is
the usual practice in this country in dealing with planing
boats. Unfortunately however, it is not general practice to
relate planing boat speed to displacement. The general practice
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Wetted surface and trim angle are included in the perfor-
mance sheet because they are proportional, respectively, to the
frictional and wavemaking resistance of planing hulls. At a
given speed the frictional resistance is almost directly pro-
portional to the wetted surface, so that for constant displace-
ment, which is the basis of the present method of comparison,
the frictional resistance of two different designs are propor-
tional to their respective values of the dimensionless quantity,
S/ V /3.


In the planing condition, the wavemaking resistance of a
prismatic planing surface equals the product of the didplacement
and the tangent of the angle of attack of the bottom (equals A
tan oLc). The planing area of the conventional planing boat
generally closely resembles a prismatic planing surface, and
the angle o of the present paper is defined in such a way as
to represent approximately the effective angle of attack of
the planing area. Therefore, the wavemaking resistances of
two designs which are being compared on the basis of equal
displacementare in nearly the same Datio as their respective values
of tan oc .


EFFECTS ON PERFORMANCE OF CHANGES IN AREA
COEFFICIENTS, LENGTH-BEAM RATIO AND LCG LOCATION


An aggregate of data suitable for analyzing the effects of
area coefficient and length-beam ratio on the resistance of
stepless planing boats is available from the tests of EMB
Series 50 (Reference 1). The original data, for 0 initial
trim only, was used for the present analysis. The procedures
used for varying the model loading and proportions in this
series, and for presenting the resistance data in Reference 1
are the same as those used by Taylor for his standard series
of ship forms. The form in which the data are available will
be found disappointing by anyone who attempts to use them for
determining the effects of the significant planing hull para-
meters on resistance, and a new approach, therefore, seems
desirable.


When each of the tests of EMB Series 50 is represented by
an x on a grid of A/V 3 vs L/BA, the result is as shown in
Figure 8. It can be seen that the tests fall into groups
corresponding to substantially constant values of L/BA. Three
resistance curves from group D are plotted in Figure 9 to show
the effect of area coefficient on resistance for a constant
value of L/BA (which is about 4.25 in this case). The resist-
ance curve corresponding to an area coefficient of 8.2 can be
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seen to be superior to the resistance curve correspoqding to
either the higher or the lower value of area coefficient.


Resistance curves for all the 00 initial trim tests of
EMB Series 50 were compared by groups of equal L/BA, and for
each value of L/BA it was possible to distinguish an optimum
resistance curve corresponding to a particular value of area
coefficient. In Figure 8, the area coefficient for optimum
resistance for each of the values of length-beam ratio is
indicated by a circle around the appropriate x. It can be
seen that the variation of optimum area coefficient with
length-beam ratio can be represented with reasonable accuracy
by a single straight line.


Resistance curves for the three tests of Figure 8 indicated
by 7 are plotted in Figure 10. This shows the effect of length-
beam ratio on resistance for a constant value of A/V 3 (about
8.6). It can be seen that the high speed resistance decreases
markedly with decrease of length-beam ratio, but that this is
accompanied by some increase in low speed resistance. Or,
looked at in a different fashion, Figure 10 shows that a
relatively long slender hull gives lower resistance at speeds
below Fnv = 2.3, while a relatively short wide hull gives lower
resistance at speeds above Fnv - 2.3.


Additional data showing the effects of a change in area
coefficient on the performance of a planing hull are shown in
Figure 11. These data were obtained from tests of the same
model at two different displacements but approximately the same
LCG location. The resistance data from both tests were corrected
to 100,000 lb displacement (4 convenient average value for boats
of the PT and AVR types) and are plotted in Figure 11 in the
form of R/A versus F . Compared in this manner the resist-
ance curves indicate He relative resistance of two boats of
the same hull form, same displacement9 and same center of gravity
location, but of different hull area. It can be seen that the
smaller boat with area coefficient (A/Vo/3 ) equal to 4.93, has
a high resistance hump. This is evidently caused mainly by
wavemaking resistance since it corresponds to a similar hump in
the trim angle curve. At the hump speed the lower wetted sur-
face of the smaller boat apparently is of relatively little
effect in reducing resistance. At high speed the frictional
effect predominates, since the frictional resistance is approxi-
mately proportional to the wetted surface times the square of
the speed. Therefore, at high speedl because of her smaller
wetted area, the q'll boat has the lower net resistance, in
spite of the fact that the trim angle curves indicate that she
has the higher wavemaking resistance.
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The resistance curve for the small boat indicates that an
area coefficient of 4.93 is too low for most practical purposes.
One reason is that it would be difficult to provide adequate
propeller thrust for such a high resistance hump; also, resist-
ance at cruising speed would be high; and, finally, the high
trim angle would aggravate pounding in waves.


The effects on the performance of a planing boat of a
change in LCG location are shown in Figure 12. These data were
obtained.from tests of a model at two different LOG locations,
and the same displacement. As would be expected, moving the CG
aft increases the trim angle of the boat and decreases the
wetted area. At low speeds, where the wavemaking resistance
predominates, the CG forward condition produces the least
resistance because of the smaller trim angle. At high speeds
where the frictional resistance predominates, the CG aft condi-
tion produces the least resistance because of the smaller wetted
area.


STANDARD MODEL TEST CONDITIONS


It was shown in the previous section that changes in the
area coefficient and in LCG location have large effects on the
performance of planing boats. Therefore, in order to show the
effects of other variables on performance, it is desirable in
any comparison to hold these two constant. Comparison would
evidently be greatly facilitated if future tests of planing boat
models included one or more tests at "standard" conditions of
A/V 2 and LOG location. Future designs could then be readily
compared without interpolation, without the necessity of search-
ing for test conditions that happened to be similar, and without
having significant performance differences unnecessarily ob-
scured by even small differences in area coefficient and center
of gravity location. The standard test conditions should, of
course, be selected from consideration of the practical and
desirable region of planing boat design.


Figure 13 shows the values of A/V /3and LCG location
(with respect to the centroid of the area, A) corresponding
to the model test conditions for a number of boats. The after
limit in the practical range of center of gravity location is
the point at which longitudinal instability (porpoising) occurs.
The test condition for which one of the models porpoised is
indicated by a tail on the corresponding symbol. Additional
points of instability, from other model tests, are also shown,
in order to define more accurately the after limit of the
practical range of center of gravity location. Each of these
points is indicated by a diamond with a tail.
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The standard test conditions decided upon for tests of
planing boat models at the Taylor Model Basin are A/V 1 3 = 7,
and LCG location at 6 per cent L aft of the centroid of A.
Where additional conditions are desired it is planned to select
them from among the conditions indicated by the solid circles
of Figure 13.


EFFECTS ON PERFORMANCE OF CHANGES
IN TWIST AND DEADRISE ANGLE


The effect of warp, or twist of the planing area, on the
performance of planing hulls is indicated by a comparison of
the World War II Elco and Higgins PT designs. Figure 2 shows
that the deadrise of the Elco design increases from 7 degrees
at the transom to 18 degrees at midlength, giving a twist of
the planing area of 11 degrees. The deadrise of the Higgins
design increases from 2 degrees at the transom to 21 degrees
at midlength, giving a twist of 19 degrees, or roughly twice
as much as the Elco design. The mean planing deadrises for
the two designs (average of deadrise at mid-length and transom)
are practically the same (12J degrees for the Elco and llj
degrees for the Higgins design). Figures 3b and 4 indicate
that the two designs are fairly similar with respect to mean
buttock curvature and shape of chine in plan view. Performance
of the two designs, from model tests, are compared in Figure 14.
The resistance of the Higgins design is appreciably higher than
the resistance of the Elco design, and the difference is con-
sidered to be chiefly attributable to the larger twist in the
planing bottom of the Higgins design.


Data are not available to show how a planing boat with a
low average deadrise angle compares in performance, throughout
the speed range, with a boat having a high average deadrise
angle. The range of deadrise angles covered by the tests of
EMB Series 5O was small, and deadrise angle was not varied
systematically. However, the effects of change in deadrise
angle on performance at high speeds can be shown by means of
data obtained from tests of prismatic planing surfaces.
Figure 15 shows the performance predicted from such data for a
100,000 lb boat, of typical dimensions, for deadrise angles of
0, 10, and 20 degrees. These performance curves were calculated
from the data of Reference 2. It can be seen that an increase
in deadrise angle from 0 degrees to 20 degrees increases the
wetted surface about 25 per cent, increases the trim angle 1
degree, and increases the value of R/A at high speeds by
about 0.040. For a prismatic planing bottom the anount of
the increase in R/A caused by increased wavemaking resistance
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is the same as the value of the increase in the tangent of the
trim angle. For the range of angles of interest here an in-
crease in trim angle of 1 degree corresponds to an increase in
the tangent of approximately 0.018. Evidently then, of the
increase in R/A of 0.040, approximately 45 per cent (0.018)
can be attributed to increased wavemaking resistance and the
remaining 55 per cent to increased frictional resistance.


In spite of the fact that a flat planing surface has
less resistance than one with deadrise, in practice a deadrise
angle at the transom of at least 100 is desirable in order to
give a boat good directional stability, and in order that it
will have the desirable characteristic of banking inboard on
turns.


Model data are not readily available to show the effects
on resistance of longitudinal curvature, plan form of chine,
and type of section. It is expected that this situation will
be improved in the future, however, as models are tested at
standard conditions and comparison and analysis are thereby
facilitated.


DESIGN PROCEDURE


The coefficients and parameters presented in this report
have been introduced with the intent that they should be useful
for design purposes. Accordingly, in this section,a design
procedure utilizing these coefficients and parameters will be
outlined. This report does not attempt to present a complete
design procedure. It would be necessary to include a consider-
able amount of additional information to accomplish that.
Among the information needed would be data on weights, engine
particulars and propeller characteristics, all reduced to
conveniently usable form.


Tentatively, then, it is considered that an effective
design procedure would be to proceed somewhat as follows. First
the designer should obtain sufficiently complete specifications
as to payload, endurance, speed, equipment, and crew to be
carried, so that a preliminary estimate of gross weight, and a
preliminary arrangement plan can be made. Ratio of length to
beam (L/BA) can then be selected.


In this connection, Figure.10 shows that a low ratio of
L/BA is an attractive prospect with respect to high speed resist-
ance. Experience indicates, however, that a low length-beam
ratio can be utilized only for sheltered water boats, and that
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for seaworthiness a relatively high value is necessary. Thus,
for stepless run-abouts the length-beam ratio is about 3.6,
while for the motor torpedo boats of World War II the ratio is
about 5.6. A logical design procedure, then, is to select the
length-beam ratio of a new design from the proportions of pre-
vious successful boats of the same type. Figure 16 has been
prepared for this purpose. Having selected a value of L/BA,
Figure 8 can now be used to determine a good value for the area
coefficient, A/V9 3 . From the indicated value of A/V/ , and
the preliminary gross weight, the hull area A, can be calculated
as follows:


V A ; then, since w = 641b/ft3 for sea water,
w


S2/3 A\ 2/3  A2/3


Then A- (A x A 2 / 3


This value should be compared with the required hull area as
indicated by the preliminary arrangement plan.


Several considerations are involved in the decision as to
the choice (or compromise) between the hull area indicated by
the preliminary arrangement plan and the hull area indicated
by the area coefficient, A/V/'3 . If the arrangement-plan area
is very much less than the area indicated by Figure 8, then the
arrangement plan area will give a heavily loaded hull, and
conversely, if the arrangement-plan area is very much greater
than the area indicated by Figure 8, then the arrangement
plan area will give a lightly loaded hull. It should be pointed
out that the "optimum" line of Figure 8, from the nature of the
development is of limited significance. Only one type of hull
lines and one LCG location are represented in this graph.
Furthermore, Figures 9 and 11 show that the optimum value of
area coefficient (value for minimum average resistance) is a
function of top speed as well as L/BA, and that a relatively
low speed boat would have a low average resistance with a high
value of area coefficient (light loading), while a high speed
boat would have low average resistance with a more economical
arrangement plan and a low value of area coefficient (heavy
loading). Accordingly it would be desirable to recheck the
hull size selected, after the lines have been completed, by
making a model test to show the effects on performance of
increasing or decreasing the hull size. The procedure
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would be to test a model over a wide range of disolacements,
calculate the resistance for the full-size design displacement
from each of the tests, and compare the results in a graph of
R/2 versus F . The scale ratio between model and full size
boat will be different for each model displacement, and can
readily be calculated as follows:


3


Am x SW/FW


For an accurate analysis the data should be corrected for the
difference between the frictional resistance coefficients of
model and of full-size boat. The method of making this correc-
tion for planing hulls is given in Reference 3. Figure 17 shows
the results of a model test calculated and plotted in the pro-
posed manner. The model tested was a planing hull of normal
form, and the tests were originally made to determine the resist-
ance of a given size of hull forhree different full-size
displacements. For the present purpose,however, the three
tests are considered to represent tests of a particular set of'
lines at three different scale ratios, each test corA'esponding
to the same full size displacement (100,000 lb). Considered in
this fashion, the following interpretation may be put upon the
data shown in Figure 17: A 100,000 lb boat built to the lines
tested an4 having a length, L 58.0, and a mean beam, BA = 11.1+4',
will have the resistance given by curve A. If L = 63.1, and
B - 12.4' the resistance will be that given by curve B; and
if L = 70.6', and BA - 13.9', the resistance will be that
given by curve C. It is clear from this figure that if the
anticipated top speed of the boat under consideration corres-
ponds to a value of Fnv of 3.5 or less, then the best boat
of the three represented is that corresponding to curve C.
If the top speed of the boat corresponds to a value of Fnv
of 4.0 or greater, then a reduction in tcp speed resistance
would result from selecting boat dimensions corresponding to
curves A or B, instead of those corresponding to curve C; the
curves also show, however, that this selection would be accom-
panied by substantial resistance penalties in the low and
cruising speed ranges.


After selecting a value of A/V3 (tentative, or otherwise),
the next step in the envisioned design procedure is for the
designer to select suitable non-dimensional qurves defining the
chine line in plan view, the deadrise variation, and the longi-
tudinal curvature of the mean buttock. These curves are shown,
for the particular boats, in each of the Taylor Model Basin's


1 - -- 111ONM







14


design data sheets. It is anticipated that when a number of
these sheets have been made available the designer will be
able to select the form characteristic curves for a new design
with the confidence of obtaining superior performance.


The form characteristics presented in the design data
sheets have all been derived with a view to the reverse pro-
cess, i.e. with the idea that the designer should be able to
construct the complete hull lines for a new design from the
form characteristics selected.


When the values of L/BA and A have been obtained the values
of L and BA can be calculated as follows:


Since BA = A, then L2 = A x L/BA. From this L can be
L


calculated, and then, readily B (equals A/L).


The form characteristic curves of the design data sheets
are given in terms of L and BA, so that when the values of these
two dimensions have been determined, and the form character-
istic curves for the new design have been selected, the new
body plan, and subsequently the complete lines can be con-
structed. A description of the method of constructing one
section will indicate the essential features of the process.
The process of constructing a section at 70 per cent of L
forward of the stern is indicated in Figure 18. The center-
line is drawn and then a horizontal line representing that
waterline plane which is tangent to the mean buttock, at the
stern. This plane is the primary horizontal reference plane
in the proposed design process. A vertical line indicating the
buttock plane at BA/4 outboard of the centerline is then drawn,
and a baseline is drawn at any convenient location. Then, from
the selected mean buttock curve the height at 70 per cent L is
read (in per cent of L); this number is multiplied by L and the
resulting dimension is plotted on the line representing the
mean buttock plane, measuring up from the horizontal reference
plane. A straight line is then drawn through the point thus
obtained at the deadrise angle for 70 per cent L, as indicated
by the selected curve of deadrise variation. From the selected
curve of the chine in plan view the dimensionless ratio B/BA
for the 70 per cent point can be determined, and multiplying
this by BA and dividing by 2 gives the half breadth of the
chine. at 70 per cent L. This dimension is then indicated on
the drawing. The type of section selected is then sketched
in, using the lines previously established for guidance. The
other sections of the body plan are developed in similar fashion
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and the lines faired in all three views in the conventional
manner. It is believed that by following such a design pro-
eedure it will be possible to incorporate the desirable fea-
tures of previous superior hull forms in a new design.


The waterline at which the boat will float can be approxi-
mated by means of the draft coefficient data presented in the
design data sheets. The draft forward, for example, can be
estimated by determining the draft coefficient forward for a
previous similar design at values of A/V71/3 and IG location
corresponding to those for the new design. Multiplying the
draft coefficient value by V/A gives an approximation to the
draft at .100 per cent L as measured up from the horizontal
reference plane. The draft at the stern is determined in
similar fashion.


ANALYSIS OF FULL SCALE DATA


Resistance data from model tests are useful for deter-
mining the relative efficiencies of different designs and
also for estimating the ehp requirements of new designs. The
information which the designer ultimately needs, however, is
the required engine brake horsepower, bhp. Some data are avail-
able on the weights, speeds and brake horsepowers of actual full
Size boats. These data can be reduced as follows to a dimension-
less form similar to that in which resistance data are presented:


bhp A -R * b 50 - 0b
hp • ehp A* v A ehp


Brake horsepower, weight and speed data for various types
of racing boats are given in Reference 4. The data from this
reference on small vee-bottom motor boats are plotted in dimen-
sionless form in Figure 19. This figure can be used to make
rough estimates of the bhp requirements of new designs. It can
be readily seen that since differences in propellers, in hull
form, and in hull loading are not considered here, the answers
obtained will only be very approximate.


Suppose that it is desired to estimate the bhp required to
propel a 5,000 lb boat at a speed of 25 knots. Then from Figure
20 the corresponding value of Fn is 3.6. Entering Figure 19
with this value we obtain a valu of R .bh of 0.265. We then
obtain bhp as follows: E ehp
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R 4b A ' V
bhp ehp 550


bhp = 0.265 *~ 000 25 1.689= 102


In Reference 5 a large quantity of data on pre-war
American and foreign motor torpedo boats were compiledq These
data are plotted in Figure 21 in the form of R b versus


F . The data on German boats have been omitted, because of
t bad scatter. Data on stepped boats, and on unconventional


forms, have also been omitted. A line has been drawn through
the intermediate region of the remaining points. This line is
considered to be of some value as a criterion of good perfor-
mance, and for roughly estimating the bhp requirements of a
projected design.


If the published information on the performance of full
scale boats also included the center of gravity locations and
values of the average breadths and average dead rises in the
planing condition, the total information would be extremely
valuable. The resistance of the boat in the planing condition
could then be calculated from available planing surface data,
and from this and the engine bhp data, values of propulsive
coefficient could be obtained. Such data are particularly
necessary and desirable because it has not been possible here-
tofore in this country to self-propel models of high-powered
planing craft and make torque and thrust measurements.
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Figure 1 - Typical Planing Boat Body Plan with Straight Line Approximations to Sections.
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Figure 2 - Curves of Deadrise Angle vs Boat Length for Three PT Boats of World War II.
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PLANING BOAT DESIGN DATA SHEET
22 DAVID W. TAYLOR MODEL BASIN


DTMB MODEL 3722 JUNE 1955


IE PERFORMANCE CHARACTERISTICS DTMB MODEL 3722 1/9 SCALE 80 FT ELCO PT BOAT


REMARKS:


Relatively high L ratio and narrow transom give low resistance
at Fn B3. Average resistance characteristics at Fn 3.


at Fn, <3. Average resistance characteristics at FnV> 3.


MODEL DATA
BASIN HIGH SPEED BASIN


BASIN SIZE 2968'x21'x(10'and 16')


DATE OF TEST 8 FEB 55


WATER TEMP 610 F


APPENDAGES SPRAY STRIPS


TURBULENCE STIM. NONE


MODEL MATERIAL


FINISH


WOOD


PAINTMODEL
TEST NO. 3


V R WLK WLL Wl
3.89 6.97 8.22 7.50 8.18


4.87 11.12 8.10 6.95 7.84


5.85 13.46 8.00 6.48 7.53


6.81 15.10 7.95 6.19 7.30


7.77 16.89 7.86 5.91 7.08


8.72 18.83 7.75 5.58 6.60


9.67 20.49 7.53 5.15 5.82


10.69 21.69 7.39 4.82 5.40


11.67 22.76 7.22 4.60 5.72


12.60 24.24 7.19 4.38 4.95


13.60 25.43 7.12 4.20 4.80


14.59 26.84 7.10 4.02 4.67


15.5'7 28.38 7.10 3.89 4.53


16.53 30.39 7.13 3.73 4.42


17.52 32.10 7.16 3.65 4.40


18.51 34.40 7.20 3.53 4.30


TEST NO. 4


Vj R. WLK WL, Wl
3.88 5,58 8.20 7.20 8.02


4.82 8.49 8.09 6.72 7.80


5.82 10.55 8.00 6.22 7.45


6.79 12.08 7.92 5.98 7.22


7.75 13.78 7.90 5.70 7.04


8.72 15.49 7.80 5.41 6.64


9.68 17.02 7.63 5.02 6.00


10.70 18.61 7.50 5.40


11.67 19.75 7.40 4.42 5.10


12.59 21.25 7.35 4.22 4.90


13.60 22.73 7.29 4.02 4.70


14.60 24.32 7.24 3.83 4.60


15.60 26.22 7.27 3.72 4.40


16.56 28.28 7.28 3.60 4.40


17.49 30.45 7.30 3.48 4.30


18.51 33.02 7.30 4.35


MODEL SCALE IN INCHES
1I 2 3 4 5 6 7 8 9 10 If 12


characteristics


I TEST CONDITIONS
MAXIMMC11AFT


TEST A L MORAFT COEFF o
S M s STABLE C e RAFT COEFFCENTPOMrLCG%


NO. Ib Ib V V" FnV FWD. AFT. OF A L%_ L
- 1.60°x


I 128.7 94,500 7.79 6.70 -------- BOW -1.30 1.795 0.762 2.1%L 46.3


0___90VBOW -0-600 1.380 0.994 5.1%L 43.32 142.9 105,OO0 7.25 6.47 -------- Oux - 0.60 .380 0.994 5.1%L 43.3


B OW--- 65 *35 1.444 1.171 6.0%L 42.4.. .. . BOW
4 121.1 90,790 8.00 6.80---7!P- x -0-4O1.4091 0.982 6.0%L 2.


I.-.-----. BOW


II FORM CHARACTERISTICS


BA


TI LINES


MODEL


A= 12.466 sq ft
L = 8.488 ft
BA= 1.469 ft


FULL SIZE


A: 1009.8 sq ft


L =  
76.39 ft


B= 13.22 ft


; I % L1


Figure 5 - Typical Design Data Sheet.
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Figure 6 - Resistances of Two Models from EMB Series 50, Compared by the Method in General Use.
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Figure 7 - Resistances of Two Models from EMB Series 50, Compared by a Correct Method.


__ __ __I _ __ ____z 


A


Model L/v
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Figure 8 - Variation


L/BA


of Area Coefficient for Optimum Resistance with Length/Beam Ratio,
from the Data of the EMB Series 50.
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Figure 9 - Effect of Area Coefficient on Resistance, with Constant Length/Beam Ratio.
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Figure 11 - Effects on the Performance of a Typical Planing
of a Variation in Area Coefficient.
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Sigue 12 - StIfees on the Performanoe of a Typical Planing Boat of a Variation in L.C.O.
Loaostion.
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Design
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0


70' PT
77' PT
78' PT
80' PT
90' AVR
52' AVR


DTMB Model


3626
3651
3720
3722
4375
4377


Test conditions for which the
model porpoised at high speeds


* Selected standard
test conditions


I III I
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0< c A 0_


I___ ____ _ _ ,
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LCG aft of centroid of A, %L


Figure 13 - Area Coefficients & LCG Locations Corresponding to
Model Tests of Typical PT & Aircraft Rescue Boats.
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DTkB Twist of A LCG aft of
Legend Design Model Bottom 7/3 Centroid of A, %L


Higgins 3720 190 7.0 6.0%
.2 Elco 3722 11 7.0 6.0%


Model resistance corrected to 100,000 lb displacement, using Schoenherr
friction coefficients with zero roughness allowance.
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Figure 15 Effects on Planing Performance of Variation in the Deadrise Angle of the Hull
Bottom, from Planing Surfaca Data..lC __
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1 2 3 4 56Figure 15 - Effects on Planin Performance of Variation in the Deadrise Angle of the Hull
Bottom, from Planin Suface Dat.
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Figure 16 - Variation of Length / Beam Ratio with Displacement.
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Figure 17- Effect of Size of Hull on Resistance for
Constant Displacement (100,000 lb)..


L/BA= 5.O08


Centroid of A is 57.8%L aft of bow.
L.C.G. is approx. 3%L aft of centroid of A.


Model resistance corrected to 100,000 lb displace-
ment, using Schoenherr friction coefficients with
zero roughness allowance.
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Figure 16 - Variation of Length / Beam Ratio with Displacement.
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Centroid of A is 57.8%L aft of bow.
L.C.G. is approx. 3%L aft of centroid of A.


Model resistance corrected to 100,000 lb displace-
ment, using Schoenherr friction coefficients with
zero roughness allowance.
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Figure 17- Effect of Size of Hull on Resistance for
Constant Displacement (100,000 lb)..
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Figure 19 - Brake Horsepower Requirements of Vee-Bottom
Racing 'otor Boats, from the Data of Reference (4).
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Figure 20 - Variation of n, with Speed and Displacement.
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Figure 21 - Coefficients of Brake Horsepower and Speed
for Various Motor Torpedo Boats, from the
Data of Reference (5).
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NOTATION


A Projected area bounded by chines and transom, in


plan view


B Breadth over chines at any point


BA Mean breadth over chines, A/L


SBT OBreadth over chines at transom


Maximum breadth over chines


bhp Engine brake horsepower


SCH Draft coefficient, aft; equals draft at OL (measured
from tangent to mean buttock at stern) multiplied by
A/V


SCHF Draft coefficient, forward; equals draft at 1O0%L
(measured from tangent to mean buttock at stern)
multiplied by A/V


S3hp Effective Horsepower


FnV Froude number based on volume, in any consistent units
•, vv / I g V 73•


g Acceleration due to gravity


L Overall length af the area, A, m~asured parallel to
baseline


LCG Longitudinal center of gravity location


P Effective power, ft-lb/sec


R Total resistance


Rm Total model resistance, 1b


S. Wetted surface, area of


SW/FW Density ratio, salt water to fresh water
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v Speed


V Speed, knots


w Density of water (weight per unit volume)


TLC Intersection of chine with solid water, forward of
OL, ft


WLK Wetted length of keel, forward of O%L, ft


WLsP Intersection of chine with spray, forward of
O%L, ft


0 Angle with horizontal of tangent to mean buttock at
stern, deg


Deadrise angle of hull bottom, deg


A Displacement at rest, weight of


SCTrim angle of hull with respect to attitude as drawn,
"* deg


V Displacement at rest, volume of


Subscripts


M,m Model


S s Ship


o Value at rest







ABSTRACT


Four existing models of planing craft were retested at
the Taylor Model Basin's "standard condition" for planing
boat m"odels. The test results for each model are presented
in a design data sheet. The data are compared to show the
effects of differences in hull form. These comparisons are
independent of differences in hull loading, in LCG location,
or in size of boat. Auxiliary graphs are included to assist
in making estimates of speed and power for new designs.


I flkyM1)ODUT IO I 01


The Taylor MIodel Basin has accumulated a number of models
of planing boats which were tested for smooth water performance
in previous years. In gdneral each of these models was built
to represent a particular boat and the test results in each case
were presented in dimensional form for a boat of specific size.
In general the hiill forms ana the tedatodnditions-were uunrelated.
Data of this kind are not well suited for answering one of the
chief questions that arises in design work, - the question as
to the relative merit of different hull forms. When planing
boat data of the kind referred to above are compared, even in


*r dimensionless form, differences in performance due to differences
t in hull form are usually confused or obscured by two factors:


• (a) By differences in hull loading and LCG location.


(b) By differences in size of boat to whic'i the model
resistance is corrected.


Fortunately these kinds of differences can be eli-iinated by
adopting the Iractice of testing each model at a standard condi-
tion of hull loading and LCG location, and correcting the resist-
ance data from each model to the same full size dispiacerent.
This has now been done for four of the models of planing boats
whAch were on hand at the Model Basin, and the results are
given in the present report.


STANDARD TEST CONDITIONS


Definition of hull loading


The definitions of hull loading and of LCG location for the
-al-- ~ lnn ~ ~wit' sowl: care in Urer tv bjsignificant and useful. Hull loading is defined here as the


Ei
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ratio W/V2 /3 as proposed in Reference 1*. The suitability of
this coefficient can probably best be shown by analogy of the
planing boat to the airplane. At high speed a planing boat's
chief support is not from buoyancy but from that type of lift
which supports an airplane, i.e., Aynamic lift. Accordingly,
the important factors affecting the design and performance of
the planing hull are not those involving the waterline at rest
or the shape of the underwater hull at rest, as in the case of
the displacement-type hull; instead the important factors are
those influencing the performance of the planing bottom inproviding effective dynamic lift. And, as the projected wing
area is of fundamental importance in the case of the airplane,
so is the projected bottom area of fundamental importance in
the case of the planing boat. It may be pointed out as an
objection that when a boat is planing at high speed in smooth
water a large proportion of the bottom area is unwetted, and
therefore is making no contribution to the dynamic lift. In
the more important and critical condition of operation in rough
water, however, the entire bottom area contributes periodically
to the dynamic lift. Therefore in rough water, and especially
in a following sea, the magnitude and disposition of this area
assume very great importance.


Now in the case of the airplane a significant relationship
involving the wing area is the "wing loading", which is the ratio
of the gross weight to the projected wing area. A somewhat


.similar relationship is significant for the planing boat. How-
ever, it is not appropriate to use the identical ratio in this
case. The reason for this can probably best be shown by means
of an example. Assume that we have a boat 30 feet long with a
projected bottom area, A, of 180 ft2 and a gross weight of 8000
Ib, and also a geometrically similar boat 60 feet long and of
corresponding weight. The ratio &, or "bottom loading", for the


8000' A
30-ft boat is then = lb/ft 2 . Since the linear dimen-
sions of the large boat are twice thos'e 2f the small boat, the
bottom area of the large boat equals (2) times the bottom area
of the small boat, and the gross weight of the large boat equals
(2)) times the gross weight of the small boat. The "bottom
loading" for the 60-ft boat is then :


A 1800- (2)2 -2 " 44.5 Z 89.0 lb/ft 2
A " 180 - (2)2


Evidently then, "bottom loading" in lb/ft 2 is a function of
absolute size and is therefore unsuitable as a criterion of the


• References are listed on page 8.
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.relationship between gross weight and bottom area for different
....... sizesfboats. In te example just considered a suitablecoefficientOwould have yielded identical values, since the


.. boats we're geometricalýy similar. If the relationship is
changed from A/A to A2 1/./A, the ratio will no longer be affected
by absolute size and a useful criterion of loading will have
been attained. In the present example A2 / 3 /A = ,.22 for btth
boats. If the ratio is further altered from A2//A toV /2/A,
a dimensionless ratio is attained which has some physical sig-
nificance and which is not affected by differences in water
density (as betweeu a full size boat in salt water and the
corresponding model in fresh water). Inverting this we obtain
the area coefficient, A/V2 /3 , as proposed in Reference 1. The


.value of this area coefficient is 7.2 for both of the boats in
the present example. This ratio h!as a useful physical inter-
pretation; it indicates the ratio of the projected bottom area
of the boat to the area of one side of a cube whose volume
equals the volume of water displaced at rest.


Definition of LOG location


Analogy to aircraft practice is also useful in arriving at
a satisfactory method of defining LCG location. The problem
involved is indicated by Figure 1 w hich shows plan views of the
bottoms of two planing boat designs, Design I has a narrow
transom, with the centroid of the p±o ed bottom area and the
pocltion of maximum breadth relatively far forward. Design II
has a wide transom, with the centroid of the projected bottom
area and the position of maximum breadth relatively far aft.
It seems evident that it would not be correct to consider that
these t--- desig-s have corresponding center of gravity locations
sirnply if" the LCG's of the tvo designs are located at the same
percentage points on the centerline lengths. This would be some-
what the same as if an aerodynamicist were to treat his longi-
tudinal CO.G. location in terms of the centerline chord of the
wing, without regard to the amount of sweepback Of the wing.
The aerod:,namicist, of course, does nut do this; instead he
treats the LCG location in terms of the .nran aerodyn-74.c .. ord
of the entire w.-ing. A similar effect. is achieved for planing
boats by DIl"iB's practice of treating the longitudinal center
of gravity in terms of the distance from the centroid of the
area, A.


In order to arrive at representative average values of
."/V2/3 and LCG location, the weights, hull areas ahd LOG
locations for a number of planing boat designs were evaluated
in Reference 1. From this evaluation, the standard condition







selected for tests of planing boat designs at the Model Basin
corresponds to A/fv = 7, and the LCG located at 6%L aft of
the centrold of the area A.


Four models were retested at this standard condition and
the results are given in this report in Figures 2 thro 5.
In addition, Model 3592-1 (Figure 2) was tested at Af•'q 7,
with the LCG at 1O%L aft of P2 centrold of A, and Model 3722
(Figure 5) was tested at AA - 8, with the LCG at 6%L aft
of the centroid of A.


DESIGN DATA SHEETS


The test results for each model are presented in a design
data sheet as pr'nosed in Reference 1. The dimensionless speed
coefficient used '.s Froude's number based on volume of water
displaced at rest, referred to as Fj. The effect of K sing
this speed coefficient is the same ab that of using ) . By
using FnV however, an unn cessr.yeconstant Y- is avoided
(Fn q V4/'gl13. whereas K- -v//ktt/3).


Curves of the dimensionless power coefficient, w 0 /


are included in the performance characteristics section of each
design data sheet. The advantages of using this power coeffi-
cient and also the speed coefficient Fr, are clearly explained
in Reference 2.


The main reason for the form in which the performance
characteristics are presented is so that the designer can pick
the most efficient hull form with the least effort. The curves
of R/L as they appear in the design data sheets can be compared
directly to show the relative merit of different hull forms,
throughout the speed range. The same picture of relative merit
will be shown by a comparison of the curves of power coefficient.
The latter curves are also included for another p ose, however,
as will appear later. The curves of a and of S/V /9, for the
different designs, can also be compared directly to show how
the angle of attack and the wetted areas of different designs
compare.


ESTIMATING THE SPEED OF A NEW DESIGN


Auxiliary graphs, Figures 6, 7 and 8 are included to assist
in applying the information in the design data sheets to specific
design problems. Assume for example that it is desired to
estimate the speed of a 50,O00 lb boat having an engine horsepower







of 1200 bhp,' the hull form arnd loading to be similar to that
for Model_.3Z26, which is shownm in Figure.43 . Since.-.he, design
data she'et.,gives 'resistance and ehpodata without-appendages it


4 ~is first necessary to'esti-mate the valu~e of' te..Laratio of ehp
without appendages to bhp with appendages. -FYor -t he present,
example..the'*value of this ratio would.-be about 04. '-Then, ehp,
(without appendages) = 0.5 bhp (with appendages)= 600. Then
from Figure 6, the value of the power co~ffidiient, 10 P/wgl/2,7?/ 6


is 3 .84. Now the curve of power coefficient in each of the
design data sheets was -necessarily calculated for a .specific
full scale displacement- As indicated the displacei:ment assumed
was 100,000 lb. Therefore Figure 7 has be'en ptepared' to assist
in converting between power coefficients at 100,000, lb displace-
Ment and power coefficients at oth~er values..ot' displacement.
The procedure for the present example is:-to: etriter the horizontal
scale of Figure 7 with the value of displacement (50.,000 lb);
then, from this point extend a vertical line to the power
coef-ficient value of' 3.C0+ in the family of curved lines. From
th.Lis point extIend a horizontal line to thb scale. at- 'the left
side of' thie graph* -nd hecre read off the value of power: coeffic-ý
ient for 100,000 lb displac'emenit (3.60 in thi--s' 'case-).


The fami-ýly of curved lineis -in Fig.ure 7 indic,ýý ?. ->_omstant
vausof thae powear coe~fficient for displýLcermennt-s' ran-_gingr from


20,000 to 160,000 lb. The horizont1-a 1ie utogethr with thec
scale at the left of- the graph, indicate corresponding constant


vaL-softhe- power coefficient for 100,000 lb disllacernent.
Th'e fact thlat the value of thIis dimensionless power coefficient
varies wilth disiplacer-ent (iewi~th size o1f bo1rt),:- is cau,,sed,


of ouxze"by ie "'act that the *lrtrger of t--o s`,rlilar '.oats
wl.hacve a hipher value of Reynolds' num,-ber thanr the- small1e r


boat vhnthe tw.o are op~erating ,at corresp~onding' speedis: th'-ere-
fore the frictional resistance c~ef-ficients, and hence also
th'-.e values ofl. pow.,er. coefficient, will be lower f-or thl-e large-,P
boat t.*han for th'e s.nall b~ioat. In the present exaT~iple thre


mantueo-- the correction for difference in. size is vý:-rv
s:;;;~li: the .,alue of-1 t" e po.-rcoefficient is only a!bout_1 11;;
less for 100,000 lb dis-iaccnenrt thnf ý 020 lb d'szlace-
,.ient. lAtighier splaeds, and with greater dif1 ferennces in dis-


plaemnt, the ," untde of h correct'ion' can bdjcoimC apec.
able. Figure -7 Shous for example that wh.Len the value o' oe
coo-fficien`.- forý 20,000 lb d is -pl1ac e j ,en. i ,equals 8.2, thle corres-


podi:vallue for 100,000 lb) displace::ient is 7 .7 4'., whichn is
5./ less.
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The next step in estimating the speed for the 50,000 lb,
1200 bhp boat is to enter the power coefficient curve in Figure 3
with the value of 3.8. The corresponding value of FnV is found
to be 3.01+. Entering Figure 8 with this value, at a displacement
of 50,000 lbp we obtain an estimated speed of 31 knots.


SESTIMATXNG THE POWER FOR A NEW DESIGN


The information In the design data sheets can also be
used for the reverse process, i.e., to estimate the ehp
required for a given speed and gross weight. Either the curve
of R/& or the curve of power coefficient can be used for this
. alculation. The procedure is essentially the reverse of the
procedure just indicated.


COMPARISON OF ,RESISTARC35


The curves of R/A (or of 10 P/wgl/2i7/ 6 ) in Figures 2, 3,
14- and 5 can be compared directly to show the relative resistances
(or power requirements) of the different designs. The resistances
are compared-in Figure 9. This comparison is on the basis of
equal sixe (i.e., equal area, A, and equal gross weight), equal
speed, and corresponding center of gravity location. The re-
maining differences in resistance are caused by differences in
hull form.


As discussed in Reference 1, the superiority of Model 3722
over Model 3720 can be attributed to the much smaller amount of
twist in the hull bottom of Model 3722. It is evident from
Figure 9 that Models 3626 and 3722 are the two designs which
are of the most interests Model 3626 because it has the least
resistance at high speeds, and Model 3722 because it has the
lowest average resistance throughout the speed range. The
chief difference between the hull forms of Models 3626 and
3722 is that the length/beam ratio of Model 3626 is appreciably
lower than that of Model 3722. It was shown in Reference 1 that
length/beam ratio has an appreciable influence on resistance;
also it was pointed out that the choice of the length/beam ratio
for a new design depends to a large extent on the size of the
boat and on the type of service intended. For these reasons
it is desirable to compare the performance of different hull
forms on the basis of equal length/beam ratio. This suggests
a graph like Figure 10, in which R/A is plotted against length/
beam ratio for several different values of the speed coefficient.
The data from the four designs reported on here are plotted in
this graph. A useful advantage can now be derived from the
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fact that except for the difference in length/beam ratios
and some difference in the extreme bow portions, Models 3126
and 3722 are very similar. The bow portions are dry in smooth
water at all but very low speeds end therefore have no effect
on the smooth water resistance for the speeds of significance.
Evidently then lines connecting the data points for Models
3626 and 3722 in Figure 10 will indicate the trend of the
effect of length/beam ratio on resistance for the different
speeds. Lines of this sort are drawn in the figureq Howeverl
instead of depending entirely on the data from only two models,
additional data (not included'here) from other pairs of models
which were similar except for differences in length/beam ratio,
were used to guide the slopes to which the lines should be drawn.
Accordingly it was possible to extend the lines of Figure 10
over a greater range of length/beam ratio, and to have more
confidence in their significance, than if they depended only
on the limited data shown.


The lines of Figure 10 illustrate the fact that for speeds
below FnV = 2.5, planing boat resistance decreases with increasing
length/beam ratio. At higher speeds (up to FnV equals about 4.2)
the resistance increases with increasing length/beam ratio.


By means of Figure 10 it is now possible to make resist-
ance comparisons which are not affected by differences in
length/beam ratio. When resistance data are available for a
new design they can be plotted on-Figure 10. Then at each
speed the vertical distance from the data point for the new
design to the line in the graph, will show the difference
between the resistance of the new design and a hull of the form
represented by Models 3626 and 3722, but having the same length/
beam ratio as the new design. Or, alternatively, the resistance
curve for the new design can be compared with a curve constructed
from Figure 10 using the length/beam ratio of the new design.
By eliminating the effect of length/beam ratio in this way it
will be possible to see the effects on resistance of the other
hull form parameters.
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN


JUNE 1955


DTMB MODEL 3592-1 1/9 SCALE


MODEL DATA REMARKS:


BA•SIN 120W 8PU• RAN •Relatively high 0k-rlrtio and exceisive twist (indicated by rate of an&


BASIN SIZE 2968'0211z(10&nd 16,) angleB) give poor resistance chLracteristics at Fv> 2.8. Rtelative


DATE TEST sections associated with narrow stern live low resistance at 1n7 <2,


WATER TEMP 6e?• average resistance at 2.3<PnV <2.8


APPENOAGES SrA! STRIP


TURBULIENCE STIM . oN " I TEST CONDITIONS
MODEL MATERIAL. W00D T b A TAXIE8UM DRAFT COEFF.


TEST A A j. SiREE r RATCOP
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Figure 2 - Design Data Sheet for Model 3
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".L DATA REMARKS:
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN


JUNE 1955


DTMB MODEL 3626 y SCALE 70


MODEL DATA REMARKS;
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN


JUNE 1955


DTMB MODEL 3626 Tý SCALE 70 FT. ELCO PT BOAT
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN


JUNE 1955


DTMB MODEL 3720 1/9 SCALE 79 FT. HIG


REMARKS:
Relatively high -1,- ratio, excessive •wist ( indicated Ly rate of change of
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN


IJUNE 1955


DTMB MODEL 3720 1'4 SCALE .79 FT- HIGGINS PT BOAT


REMARKS.


Relatively high rL atio, excessive t'ist indicated by rate of change of angle -
F and pronounced concave sectionsi give average resistance chearateristics


at ?fl.7 <2 and poor resistantce characterisiics at FnwV2.
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PLAIZING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN


JUNE 1955


DTMB MODEL 3722 Z SCALE


S...." -- REMARKS;
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PLANING BOAT DESIGN DATA SHEET
DDVID W. TAYLOR MODEL BASIN


JUNE 1955


DTMS MODEL 3722 1/ SCALE SOFT. ELCO PT BOAT


REMARKS:
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at Pan <3. Average resistance obaracteaihti~eg at mv,> 3.


DATA I TEST CONDITIONS ._
1'My TE1T A1  A L MMu z DAFT C T LCt4uo . . 0;.o lb lb F a -F D -~ • • A FT . % L-1mV 128 _._7 9, 500 ?.79 640 ------- 1-.3P 1 0. 76 o ,A 1 4-i.-,. ,


2 142.9 1059000 7.25 6.47 --------- . . • 1 -0.600 1.380 0.994 I-uz, 43.3


..,'IPS3 148.0 210,960 7,00 6.36 ----- 0°65,- -0.3• .44,4 ,.,n 6.09L 42.4
NONE 


DOWL4 121.1 90.7•90 m 6.80 .---.... -oWz- .40. 0.982 6.oz 41.4
WOOD.. .......


PAINT


" - W - W-m 3 FORM CHARACTERISTICS
SWLe~ WL


5.S6 5,58 so=0 7.20 8.02 Ig - 1 1 T 7 60.82 8.49 8 6.72 7.80 " I -


02 10.55 8.00 6.22 ?.45 I •1 *
- 100l-.*I---••1-0- -_-_ -----------


6.91.0 *2 5.W 7.22 I1 so
7.75 1.3.7 7.90 5.70 7.04 /a ~
1.72 15,490 7.80 j.41 6.64 BA d / 1  .4 - - .J.


-- -L/ xs. ".'-7 . . " . : . . .....3
).66 17.02 N.O 5.02 6.00 0.651 CENTROIDOF A


S24e.324 7.4 3.83 4.40 90 % L 120


D.70 I18.61 ?.50 1 .4 0 1,o
A.~~M1A 1BUTTOtAu1o•.K.


4.35


1 7 1.7 *0 4-4 1 1 1 1 0 I. 2


.9 21.25 , 7.3 .2 4.913..2


4.6 2 3 2' .43.83 6'. 4JI


"; " 1, % L


i \\ \ \ . 1 *2<'t.-4!~. co~ll+1:AI- +?m''r0fTO m U 'H " I
! . • o 3 8 3 T s • I . _ ,,.. • - •, -


\- -r-K+,~-- w• ŽL77 ----'I":+. -/ "


E L $uL . .. O6I .40 1, LINES


-± E.F i. -S


FiguEL 5FULLig aaShe o Mdl32







½1


1


F1 II1 7


80 
i


/A r1A2K


I400 i 2,0 C)0 000 6,00 4002i


DISPLACEMNT, ~, l (ALT WTER


Figure~~~~~~~ 6 J - aito oe Cefcetwt iplcmn n fetv
Horsepower







i, Oi L


Displacemen to Othe Vale ofDslaeet







17


4 A' n0 0
S%0 t-4 1.0 C- 0 O.) -H


00 0 W04


95 0' 0 0O A


010 ki


to N %D 0 N I) %. 44JC)%- PC- -


H4 V ou -I 0- ri.J


rV' n en en, -P +.p
I 9- -0. 


00


__ - -I rn "4. 0 0 w - -


I OU)b0r.- 0


- - ~ -N~ -40 0 -. 4-4


4- m 0 44):


0


0


P4.I__ I __


~~~~~1~~.__ - 0


__ _ _ c'N!.





Administrator
Ad145074.pdf






















































Administrator
Eugene-Clement.pdf





5(32576



1935

3 9080 02754 2486

A
NAVY DEPARTMENT

THE DAVID W. TAYLOR

WASHINGTON 7, D.C.

ANALYZING THE STEPLESS PLANING BOAT

By

Eugene P. Clement

SJ 2 1 1976

Pei'ER ENG)IEERIC' V\

RESEARCH AND DEVELOPMENT REPORT

NOVEMBER 19 56

V393
.R46

MODEL BASIN

I b

I

I

~f /

Report 1093

OR 1 157





ANALYZING THE STEPLESS PLANING BOAT

By

Eugene P. Clement

NOVEMBER 1956 Report 1093
NS 715-102

- I



ii

NOTATION

A Projected area bounded by chines and transom, in plan

view

B Breadth over chines at any point

BA  Mean breadth over chines, A/L

Pt Breadth over chines at transom

B1  Maximum breadth over chines

SBaseline

bhp Engine brake horsepower

Centerline

CG Center of gravity

CHF Draft coefficient at rest, forward; equals draft at
100% L (Measured from tangent to mean buttock at stern)
multiplied by A/V

CHA Draft coefficient at rest, aft; equals draft at 0% L
(measured from tangent to mean buttock at stern) multi-
plied by A/v

ehp Effective horsepower

Fnv Froude number based on volume, v/V gv 1 /3

g Acceleration due to gravity

L Overall length of the area A, measured parallel to baseline

LCG Longitudinal center of gravity location

R Total resistance, lb

S Wetted surface, area of (includes side wetted area at
low speeds)

SW/FW Density ratio, salt water to fresh water

i I II II I
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NOTATION (continued)

v Speed

V Speed, knots

w Density of water (weight per unit volume)

WLC Intersection of chine with solid water, forward of O%L, ft

WLK Wetted length of keel, forward of O%L, ft

WLSP Intersection of chine with spray, forward of O%L, ft

Linear ratio, ship to model

c Angle with horizontal of mean buttock at stern, degrees

3 Deadrise angle of hull bottom, degrees

A Displacement at rest, weight of

Trim angle of hull with respect to attitude as drawn

V Displacement at rest, volume of

Subscripts:

M, m Model

S, s Ship

o Value at rest

L I





ANALYZING THE STEPLESS PLANING BOAT*

By

Eugene P. Clement

INTRODUCTION

During recent years the David Taylor Model Basin has towed
a number of models of planing craft in smooth water to deter-
mine resistance, trim angle, wetted lengths and wetted surface.
In most cases each of these models was considered to represent
a particular full-scale boat, and the data obtained were-pre-
sented in dimensional form for specific boat dimensions and
displacements. Each model however, can represent a boat of any
size. Therefore, when a new design is to be developed, all
models of previous designs can be considered to represent boats
of the size of the new design, and the data on their performance
can be used for guidance. In order to do this easily the desi-gner
needs to have the information on the previous designs in suitable
form0 The purpose of this report is mainly to indicate appro-
priate methods of presenting and utilizing the accumulated
information on hull forms and model test results for planing
boats to guide the design of future boats.

In this report the important planing hull parameters are
defined and a convenient method of combining them in a hull-
form characteristics sheet is shown. A plan for presenting
model test results in a dimensionless form suitable for com-
parison and analysis is next given. The hull-form character-
istics and model test results are at present being incorporated
in a Taylor Model Basin design data sheet, an example of which
is given. The effects on performance of variations in some
of the primary parameters are then illustrated and discussed.:
Also, methods are proposed for improving the usefulness of
futurp model tests for purposes of comparison and analysis.
Finally, a step by step design method is proposed, and data
are presented which it is believed will assist the designer in
making design decisions quickly and with assurance of correct-
ness.

* This report combines, with some alterations, two papers
presented by the author to the Chesapeake Section of the
SNAME: "The Analysis of Stepless Planing Hulls" on 3 May 1951
and "Hull Form of Stepless Planing Boats" on 12 January 1955.
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HULL FORM AND HULL LOADING PARAMETERS

The primary parameters affecting the performance of planing
hulls, in the approximate order of their importance, are as
follows:

(a) Ratio of length to beam. This important ratio is
defined here as the ratio of the length L, of the hull bottom,
to the mean breadth BA, of the chines (see Notation pg ii).
The chief reason for defining the length of a planing hull
in this way is so that only one value of the length dimension
will be assigned to each set of lines. If the length dimen-
sion is defined as the length of the load waterline, then a
given set of lines could conceivably have various lengths
assigned to it at different times, depending upon the particu-
lar displacement and center of gravity location of each instance.

(b) Size-displacement, or areas coefficient. The relation-
ship between hull size and gross weight can be expressed in
convenient dimensionless form by the ratio A/V / , where A is
the projected area bounded by the chines and transom, in plan
view, and V is the volume of water displaced at rest. Since
this coefficient is dimensionless it yields the same value for
geometrically similar boats of different size but of correspond-
ing loading. It also yields the same value for two boats
which have different length-beam ratios but the same area, A,
and the same displacement. If two designs having different
ratios of length to beam are compared on the basis of equal
values of A/V / 3 the comparison will be a valid one; for, to
a good first approximation (assuming the same depth of hull
and similar, construction) the two designs will then have equal
hull area, equal hull volume, and equal hull structural weight.

It does not appear possible to make as plausible a case
for any of the other coefficients which have been used to
characterize the size-displacement relationship of planing boats.
The well known displacemgnt-length ratio, A/(L/100)3 , and the
load coefficient, A/wBx3 , are the ones most cqmmonly employed.
The unsatisfactory result of using A/(L/100)i as the size-
displacement criterion may best be illustrated by an example.
Suppose that two sets of lines, A & B, are under consideration
for a boat of given displacement, and that design A has a
higher ratio of length to beam than design B. Com arison of
these two designs on the basis of equal A/(L/100). will then
result in comparing the two boats at the same length and dis-
placement. Compared in this manner, however, design B has
more beam, more hull area, and' (assuming the same depth of hull,
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and similar construction) more hull volume and more hull
structural weight than design A. These differences will
clearly preclude a valid comparison. A similar confusion
would result if he two designs were compared on the basis
of equal A/wBx •

(c) Longitudinal CG location. It is considered appro-
priate to define longitudinal CG location as the distance of
the CG from the centroid of the area, A, expressed as a per-
centage of the length L.

(d) Deadrise. Deadrise angle of the hull bottom generally
varies from a large angle near the bow to an angle of a few
degrees at the transom. The variation of this important angle
throughout the length of the boat can be indicated by approxi-
mating each section of the body plan by a straight line (see
Figure 1) and then plotting a curve of deadrise variation
versus boat length. Examples of this curve, for three different
designs, are shown in Figure 2. The variation of deadrise angle
with boat length generally gives very nearly a straight line for
the after half of the hull length.

(e) Longitudinal curvature. The longitudinal curvature
of the hull bottom is shown by the shape of the buttock lines.
For purposes of comparison and analysis it is desirable to
define an average, or meang buttock. This can be conveniently
done by intersecting the straight line approximations to the
body plan sections by a buttock plane spaced at BA/4 from the
centerline plane, as shown in Figure 1. Examplestof the mean
buttock curves obtained by this method are shown in dimension-
less form in Figure 3a. The mean buttock lines shown in Figure
3a reflect the gene1al .practice to have straight buttock lines
in the after portion of planing hull bottoms. Buttock lines
are generally straight for at least the after 30 per cent of
the hull length. It is difficult to make further comparisons
of the buttock lines as they appear in Figure 3a, since their
attitudes, and their heights from the horizontal axis, reflect
the arbitrary attitudes and heights above the baseline at
which the corresponding lines were originally drawn. Comparison
and analysis can be facilitated? therefore, by shifting each
mean buttock curve so that its after end is tangent to the
horizontal axis of the graph. The mean battock lined of
Figure 3a, after being shifted in this manner, are shown in
Figure 3b. In the presentation of model test results in this
report the angle of attack, or running trim of a hull is
defined as the angle which the tangent to the mean buttock at
the stern makes with the horizontal. This angle is designated C.
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(f) Plan view of chine. The significant features which
are determined by the shape of the chine line in plan view are
the length/beam ratio of the boat and the fore-and-aft distri-
bution of breadth and of bottom area. Length/beam ratio has
already been adequately defined as the ratio L/BA. Therefore,
it is desirable to reduce the plan view of the chine line to a
form which is independent of length/beam ratio, in order to
compare relative fore-and-aft distribution of bottom area.
This is accomplished by plotting the ratio of local chine
breadth to BA, against hull length as shown in Figure 4.
Each of the chine lines in Figure 4 encloses the same area,
although the ratios L/BA of the hulls from which they were
derived are all different. Several dimensionless ratios
indicative of the relative fore-and-aft distribution of breadth
are apparent in Figure 4. First, the location of the point of
maximum chine breadth, as a percentage of hull length from the
transom, is apparent. Also, the ratios of maximum breadth
and of transom breadth to the mean breadth (BA) can be read
directly from the scale of the ordinate. An important criterion
of the fore-and-aft distribution of the plan-view bottom area
(area, A) is the location of the centroid of this area. This
dimension is given in Figure 4, for the different designs.

(g) Type of section. Planing boat sections generally fall
into one of the following four categories:

1. Concave - An example of this type of section is shown
in Figure 1.

2. Convex - The use of developable surfaces will generally
result in this type of section.

3. Convex at keel and concave at chine - This type is
exemplified by the British Vosper PT boat of World
War II.

4. Concave at keel and convex at chine

All of the foregoing parameters of hull form and hull
loading are incorporated in the Taylor Model Basin's design
data sheet for planing boats an example of which is shown
in Figure 5. Also included in Figure 5 are draft coefficients
at bow and stern for each of the model test conditions. Drafts
at rest were measured up from the straight line which is
tangent to the mean buttock at the stern. The draft readings
were then converted to dimensionless coefficient form on the
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is to compare the resistances of planing hulls by plotting the
rati _of resistance to displacement against speed-length ratio
(V/ L). This method often gives an incorrect comparison, as
shown by the following example. Suppose that a 100,000 lb.,
40 knot boat is required. In Figure 6 the resistance Curves for
two models having different values of length-displacement con-
stant (L/V /3) are plotted in the usual manner*. Figure 6
gives the impression that a boat based on Model 2727 would
have higher resistance than a boat based on Model 2742. Such
is not the case, however, because the use of V/T as abscissa
does not bring the actual full scale speeds into correspondence.
That is, since the models have different values of length-
displacement constant (L/VI/3 ), a given value of V/IVT does not
correspond to the same full scale speed for both designs. For
Model 2727, expanded to 100,000 lbs. displacement, 40 knots
corresponds to a value of V//LT = 3.93, while for Model 2742,
expanded to 100,000 lbs. displacement, 40 knots corresponds to
a value of V/L = 4.95. Therefore, plotting R/A against
V/L-amounts, in this case, to comparing the resistances of
the two designs at entirely different speeds. What is required
is a plot of R/A versus a coefficient which will bring the full
scale speeds into alignment. The speed coefficient Fnv is
correct for the purpose because it is derived from the signifi-
cant.quantities of the design problem, i.e.: speed and dis-
placement. In Figure 7, the data from Figure 6 have been re-
plotted on an abscissa of Fnv . Here, the resistance curves are
shown in their correct relationship, and the order of super-
Siority is the reverse of that shown in Figure 6. The value of
Fnv = 3.5 corresponds to 40 knots for both designs at 100,000
lbs displacement. More generally, a particular value of Fnv
corresponds to the same full scale speed for both designs, for
the same displacement.

A resistance comparison made by plotting R/A versus V/ TL
will be incorrect unless the length-displacement constant
(L/V'3) is identical for both hulls, and an identity of L/V
will generally not.be the case. Confusion and error will also
result from using the speed coefficient vA/Vx (which is some-
times used for planing boat analysis) to compare hulls of
different proportions, except when the ratio Bx/V'/(or A/wBx

3 )
is the same for both boats.

* These values are taken from the original data for Reference 1.
The data for Model 2727 are from the test at .normal displacement
and 20 initial trim by stern. The data for Model 2742 are from
the test at normal displacement and 00 initial trim. No correc-
tion for the difference in the frictional resistance coefficients
of model and full size boat has been made, singce that seemed
unnecessary for the purpose of this illustratio.
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basis of the following reasoning:

V
Draft is proportional to -r-

Then, draft = (draft coefficient) x -7 .

Therefore, draft coefficient (CH) = draft x- A

The draft coefficient defined in this way is independent
of differences in absolute size and of differences in length/
beam ratio. Also, by measuring the draft from the tangent to
the mean buttock, this draft coefficient is made relatively
independent of differences in deadrise angle. Accordingly
the draft coefficients for a new design can be approximately
determined when draft coefficients are available from a pre-
vious similar design. The two designs should be similar in
respect to A/V'- , CG locationg and longitudinal curvature.
Differehces in type of section and in plan form of chine should
cause only slight changes in the relative values of the draft
coefficients.

PERFORMANCE CHARACTERISTICS

A performance characteristics sheet, which presents
model test results for planing hulls in a dimensionless form
suitable for comparison and analysis, is included in the design
data sheet shown in Figure 5, Also included in the design
data sheet are the hull lines and other pertinent dimensions
and coefficients. It is the intention of the Taylor Model Basin
to prepare such a design data sheet for each planing hull model
tested in the future, and also for a selected number of those
models previously tested.

Since displacement is a fundamental design quantity it is
desirable to compare hull forms on the basis of equal displace-
ment. This is facilitated in the performance characteristics
sheet shown in Figure 5 by relating each of the variables,
speed, resistance and wetted sur ace to displacement, by means
of the dimensionless ratios v/ gV , R/A and S/V ,
respectively.

Relating resistance to displacement as indicated here is
the usual practice in this country in dealing with planing
boats. Unfortunately however, it is not general practice to
relate planing boat speed to displacement. The general practice
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Wetted surface and trim angle are included in the perfor-
mance sheet because they are proportional, respectively, to the
frictional and wavemaking resistance of planing hulls. At a
given speed the frictional resistance is almost directly pro-
portional to the wetted surface, so that for constant displace-
ment, which is the basis of the present method of comparison,
the frictional resistance of two different designs are propor-
tional to their respective values of the dimensionless quantity,
S/ V /3.

In the planing condition, the wavemaking resistance of a
prismatic planing surface equals the product of the didplacement
and the tangent of the angle of attack of the bottom (equals A
tan oLc). The planing area of the conventional planing boat
generally closely resembles a prismatic planing surface, and
the angle o of the present paper is defined in such a way as
to represent approximately the effective angle of attack of
the planing area. Therefore, the wavemaking resistances of
two designs which are being compared on the basis of equal
displacementare in nearly the same Datio as their respective values
of tan oc .

EFFECTS ON PERFORMANCE OF CHANGES IN AREA
COEFFICIENTS, LENGTH-BEAM RATIO AND LCG LOCATION

An aggregate of data suitable for analyzing the effects of
area coefficient and length-beam ratio on the resistance of
stepless planing boats is available from the tests of EMB
Series 50 (Reference 1). The original data, for 0 initial
trim only, was used for the present analysis. The procedures
used for varying the model loading and proportions in this
series, and for presenting the resistance data in Reference 1
are the same as those used by Taylor for his standard series
of ship forms. The form in which the data are available will
be found disappointing by anyone who attempts to use them for
determining the effects of the significant planing hull para-
meters on resistance, and a new approach, therefore, seems
desirable.

When each of the tests of EMB Series 50 is represented by
an x on a grid of A/V 3 vs L/BA, the result is as shown in
Figure 8. It can be seen that the tests fall into groups
corresponding to substantially constant values of L/BA. Three
resistance curves from group D are plotted in Figure 9 to show
the effect of area coefficient on resistance for a constant
value of L/BA (which is about 4.25 in this case). The resist-
ance curve corresponding to an area coefficient of 8.2 can be
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seen to be superior to the resistance curve correspoqding to
either the higher or the lower value of area coefficient.

Resistance curves for all the 00 initial trim tests of
EMB Series 50 were compared by groups of equal L/BA, and for
each value of L/BA it was possible to distinguish an optimum
resistance curve corresponding to a particular value of area
coefficient. In Figure 8, the area coefficient for optimum
resistance for each of the values of length-beam ratio is
indicated by a circle around the appropriate x. It can be
seen that the variation of optimum area coefficient with
length-beam ratio can be represented with reasonable accuracy
by a single straight line.

Resistance curves for the three tests of Figure 8 indicated
by 7 are plotted in Figure 10. This shows the effect of length-
beam ratio on resistance for a constant value of A/V 3 (about
8.6). It can be seen that the high speed resistance decreases
markedly with decrease of length-beam ratio, but that this is
accompanied by some increase in low speed resistance. Or,
looked at in a different fashion, Figure 10 shows that a
relatively long slender hull gives lower resistance at speeds
below Fnv = 2.3, while a relatively short wide hull gives lower
resistance at speeds above Fnv - 2.3.

Additional data showing the effects of a change in area
coefficient on the performance of a planing hull are shown in
Figure 11. These data were obtained from tests of the same
model at two different displacements but approximately the same
LCG location. The resistance data from both tests were corrected
to 100,000 lb displacement (4 convenient average value for boats
of the PT and AVR types) and are plotted in Figure 11 in the
form of R/A versus F . Compared in this manner the resist-
ance curves indicate He relative resistance of two boats of
the same hull form, same displacement9 and same center of gravity
location, but of different hull area. It can be seen that the
smaller boat with area coefficient (A/Vo/3 ) equal to 4.93, has
a high resistance hump. This is evidently caused mainly by
wavemaking resistance since it corresponds to a similar hump in
the trim angle curve. At the hump speed the lower wetted sur-
face of the smaller boat apparently is of relatively little
effect in reducing resistance. At high speed the frictional
effect predominates, since the frictional resistance is approxi-
mately proportional to the wetted surface times the square of
the speed. Therefore, at high speedl because of her smaller
wetted area, the q'll boat has the lower net resistance, in
spite of the fact that the trim angle curves indicate that she
has the higher wavemaking resistance.
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The resistance curve for the small boat indicates that an
area coefficient of 4.93 is too low for most practical purposes.
One reason is that it would be difficult to provide adequate
propeller thrust for such a high resistance hump; also, resist-
ance at cruising speed would be high; and, finally, the high
trim angle would aggravate pounding in waves.

The effects on the performance of a planing boat of a
change in LCG location are shown in Figure 12. These data were
obtained.from tests of a model at two different LOG locations,
and the same displacement. As would be expected, moving the CG
aft increases the trim angle of the boat and decreases the
wetted area. At low speeds, where the wavemaking resistance
predominates, the CG forward condition produces the least
resistance because of the smaller trim angle. At high speeds
where the frictional resistance predominates, the CG aft condi-
tion produces the least resistance because of the smaller wetted
area.

STANDARD MODEL TEST CONDITIONS

It was shown in the previous section that changes in the
area coefficient and in LCG location have large effects on the
performance of planing boats. Therefore, in order to show the
effects of other variables on performance, it is desirable in
any comparison to hold these two constant. Comparison would
evidently be greatly facilitated if future tests of planing boat
models included one or more tests at "standard" conditions of
A/V 2 and LOG location. Future designs could then be readily
compared without interpolation, without the necessity of search-
ing for test conditions that happened to be similar, and without
having significant performance differences unnecessarily ob-
scured by even small differences in area coefficient and center
of gravity location. The standard test conditions should, of
course, be selected from consideration of the practical and
desirable region of planing boat design.

Figure 13 shows the values of A/V /3and LCG location
(with respect to the centroid of the area, A) corresponding
to the model test conditions for a number of boats. The after
limit in the practical range of center of gravity location is
the point at which longitudinal instability (porpoising) occurs.
The test condition for which one of the models porpoised is
indicated by a tail on the corresponding symbol. Additional
points of instability, from other model tests, are also shown,
in order to define more accurately the after limit of the
practical range of center of gravity location. Each of these
points is indicated by a diamond with a tail.
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The standard test conditions decided upon for tests of
planing boat models at the Taylor Model Basin are A/V 1 3 = 7,
and LCG location at 6 per cent L aft of the centroid of A.
Where additional conditions are desired it is planned to select
them from among the conditions indicated by the solid circles
of Figure 13.

EFFECTS ON PERFORMANCE OF CHANGES
IN TWIST AND DEADRISE ANGLE

The effect of warp, or twist of the planing area, on the
performance of planing hulls is indicated by a comparison of
the World War II Elco and Higgins PT designs. Figure 2 shows
that the deadrise of the Elco design increases from 7 degrees
at the transom to 18 degrees at midlength, giving a twist of
the planing area of 11 degrees. The deadrise of the Higgins
design increases from 2 degrees at the transom to 21 degrees
at midlength, giving a twist of 19 degrees, or roughly twice
as much as the Elco design. The mean planing deadrises for
the two designs (average of deadrise at mid-length and transom)
are practically the same (12J degrees for the Elco and llj
degrees for the Higgins design). Figures 3b and 4 indicate
that the two designs are fairly similar with respect to mean
buttock curvature and shape of chine in plan view. Performance
of the two designs, from model tests, are compared in Figure 14.
The resistance of the Higgins design is appreciably higher than
the resistance of the Elco design, and the difference is con-
sidered to be chiefly attributable to the larger twist in the
planing bottom of the Higgins design.

Data are not available to show how a planing boat with a
low average deadrise angle compares in performance, throughout
the speed range, with a boat having a high average deadrise
angle. The range of deadrise angles covered by the tests of
EMB Series 5O was small, and deadrise angle was not varied
systematically. However, the effects of change in deadrise
angle on performance at high speeds can be shown by means of
data obtained from tests of prismatic planing surfaces.
Figure 15 shows the performance predicted from such data for a
100,000 lb boat, of typical dimensions, for deadrise angles of
0, 10, and 20 degrees. These performance curves were calculated
from the data of Reference 2. It can be seen that an increase
in deadrise angle from 0 degrees to 20 degrees increases the
wetted surface about 25 per cent, increases the trim angle 1
degree, and increases the value of R/A at high speeds by
about 0.040. For a prismatic planing bottom the anount of
the increase in R/A caused by increased wavemaking resistance

I I I I II I n



is the same as the value of the increase in the tangent of the
trim angle. For the range of angles of interest here an in-
crease in trim angle of 1 degree corresponds to an increase in
the tangent of approximately 0.018. Evidently then, of the
increase in R/A of 0.040, approximately 45 per cent (0.018)
can be attributed to increased wavemaking resistance and the
remaining 55 per cent to increased frictional resistance.

In spite of the fact that a flat planing surface has
less resistance than one with deadrise, in practice a deadrise
angle at the transom of at least 100 is desirable in order to
give a boat good directional stability, and in order that it
will have the desirable characteristic of banking inboard on
turns.

Model data are not readily available to show the effects
on resistance of longitudinal curvature, plan form of chine,
and type of section. It is expected that this situation will
be improved in the future, however, as models are tested at
standard conditions and comparison and analysis are thereby
facilitated.

DESIGN PROCEDURE

The coefficients and parameters presented in this report
have been introduced with the intent that they should be useful
for design purposes. Accordingly, in this section,a design
procedure utilizing these coefficients and parameters will be
outlined. This report does not attempt to present a complete
design procedure. It would be necessary to include a consider-
able amount of additional information to accomplish that.
Among the information needed would be data on weights, engine
particulars and propeller characteristics, all reduced to
conveniently usable form.

Tentatively, then, it is considered that an effective
design procedure would be to proceed somewhat as follows. First
the designer should obtain sufficiently complete specifications
as to payload, endurance, speed, equipment, and crew to be
carried, so that a preliminary estimate of gross weight, and a
preliminary arrangement plan can be made. Ratio of length to
beam (L/BA) can then be selected.

In this connection, Figure.10 shows that a low ratio of
L/BA is an attractive prospect with respect to high speed resist-
ance. Experience indicates, however, that a low length-beam
ratio can be utilized only for sheltered water boats, and that
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for seaworthiness a relatively high value is necessary. Thus,
for stepless run-abouts the length-beam ratio is about 3.6,
while for the motor torpedo boats of World War II the ratio is
about 5.6. A logical design procedure, then, is to select the
length-beam ratio of a new design from the proportions of pre-
vious successful boats of the same type. Figure 16 has been
prepared for this purpose. Having selected a value of L/BA,
Figure 8 can now be used to determine a good value for the area
coefficient, A/V9 3 . From the indicated value of A/V/ , and
the preliminary gross weight, the hull area A, can be calculated
as follows:

V A ; then, since w = 641b/ft3 for sea water,
w

S2/3 A\ 2/3  A2/3

Then A- (A x A 2 / 3

This value should be compared with the required hull area as
indicated by the preliminary arrangement plan.

Several considerations are involved in the decision as to
the choice (or compromise) between the hull area indicated by
the preliminary arrangement plan and the hull area indicated
by the area coefficient, A/V/'3 . If the arrangement-plan area
is very much less than the area indicated by Figure 8, then the
arrangement plan area will give a heavily loaded hull, and
conversely, if the arrangement-plan area is very much greater
than the area indicated by Figure 8, then the arrangement
plan area will give a lightly loaded hull. It should be pointed
out that the "optimum" line of Figure 8, from the nature of the
development is of limited significance. Only one type of hull
lines and one LCG location are represented in this graph.
Furthermore, Figures 9 and 11 show that the optimum value of
area coefficient (value for minimum average resistance) is a
function of top speed as well as L/BA, and that a relatively
low speed boat would have a low average resistance with a high
value of area coefficient (light loading), while a high speed
boat would have low average resistance with a more economical
arrangement plan and a low value of area coefficient (heavy
loading). Accordingly it would be desirable to recheck the
hull size selected, after the lines have been completed, by
making a model test to show the effects on performance of
increasing or decreasing the hull size. The procedure

I I



would be to test a model over a wide range of disolacements,
calculate the resistance for the full-size design displacement
from each of the tests, and compare the results in a graph of
R/2 versus F . The scale ratio between model and full size
boat will be different for each model displacement, and can
readily be calculated as follows:

3

Am x SW/FW

For an accurate analysis the data should be corrected for the
difference between the frictional resistance coefficients of
model and of full-size boat. The method of making this correc-
tion for planing hulls is given in Reference 3. Figure 17 shows
the results of a model test calculated and plotted in the pro-
posed manner. The model tested was a planing hull of normal
form, and the tests were originally made to determine the resist-
ance of a given size of hull forhree different full-size
displacements. For the present purpose,however, the three
tests are considered to represent tests of a particular set of'
lines at three different scale ratios, each test corA'esponding
to the same full size displacement (100,000 lb). Considered in
this fashion, the following interpretation may be put upon the
data shown in Figure 17: A 100,000 lb boat built to the lines
tested an4 having a length, L 58.0, and a mean beam, BA = 11.1+4',
will have the resistance given by curve A. If L = 63.1, and
B - 12.4' the resistance will be that given by curve B; and
if L = 70.6', and BA - 13.9', the resistance will be that
given by curve C. It is clear from this figure that if the
anticipated top speed of the boat under consideration corres-
ponds to a value of Fnv of 3.5 or less, then the best boat
of the three represented is that corresponding to curve C.
If the top speed of the boat corresponds to a value of Fnv
of 4.0 or greater, then a reduction in tcp speed resistance
would result from selecting boat dimensions corresponding to
curves A or B, instead of those corresponding to curve C; the
curves also show, however, that this selection would be accom-
panied by substantial resistance penalties in the low and
cruising speed ranges.

After selecting a value of A/V3 (tentative, or otherwise),
the next step in the envisioned design procedure is for the
designer to select suitable non-dimensional qurves defining the
chine line in plan view, the deadrise variation, and the longi-
tudinal curvature of the mean buttock. These curves are shown,
for the particular boats, in each of the Taylor Model Basin's
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design data sheets. It is anticipated that when a number of
these sheets have been made available the designer will be
able to select the form characteristic curves for a new design
with the confidence of obtaining superior performance.

The form characteristics presented in the design data
sheets have all been derived with a view to the reverse pro-
cess, i.e. with the idea that the designer should be able to
construct the complete hull lines for a new design from the
form characteristics selected.

When the values of L/BA and A have been obtained the values
of L and BA can be calculated as follows:

Since BA = A, then L2 = A x L/BA. From this L can be
L

calculated, and then, readily B (equals A/L).

The form characteristic curves of the design data sheets
are given in terms of L and BA, so that when the values of these
two dimensions have been determined, and the form character-
istic curves for the new design have been selected, the new
body plan, and subsequently the complete lines can be con-
structed. A description of the method of constructing one
section will indicate the essential features of the process.
The process of constructing a section at 70 per cent of L
forward of the stern is indicated in Figure 18. The center-
line is drawn and then a horizontal line representing that
waterline plane which is tangent to the mean buttock, at the
stern. This plane is the primary horizontal reference plane
in the proposed design process. A vertical line indicating the
buttock plane at BA/4 outboard of the centerline is then drawn,
and a baseline is drawn at any convenient location. Then, from
the selected mean buttock curve the height at 70 per cent L is
read (in per cent of L); this number is multiplied by L and the
resulting dimension is plotted on the line representing the
mean buttock plane, measuring up from the horizontal reference
plane. A straight line is then drawn through the point thus
obtained at the deadrise angle for 70 per cent L, as indicated
by the selected curve of deadrise variation. From the selected
curve of the chine in plan view the dimensionless ratio B/BA
for the 70 per cent point can be determined, and multiplying
this by BA and dividing by 2 gives the half breadth of the
chine. at 70 per cent L. This dimension is then indicated on
the drawing. The type of section selected is then sketched
in, using the lines previously established for guidance. The
other sections of the body plan are developed in similar fashion
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and the lines faired in all three views in the conventional
manner. It is believed that by following such a design pro-
eedure it will be possible to incorporate the desirable fea-
tures of previous superior hull forms in a new design.

The waterline at which the boat will float can be approxi-
mated by means of the draft coefficient data presented in the
design data sheets. The draft forward, for example, can be
estimated by determining the draft coefficient forward for a
previous similar design at values of A/V71/3 and IG location
corresponding to those for the new design. Multiplying the
draft coefficient value by V/A gives an approximation to the
draft at .100 per cent L as measured up from the horizontal
reference plane. The draft at the stern is determined in
similar fashion.

ANALYSIS OF FULL SCALE DATA

Resistance data from model tests are useful for deter-
mining the relative efficiencies of different designs and
also for estimating the ehp requirements of new designs. The
information which the designer ultimately needs, however, is
the required engine brake horsepower, bhp. Some data are avail-
able on the weights, speeds and brake horsepowers of actual full
Size boats. These data can be reduced as follows to a dimension-
less form similar to that in which resistance data are presented:

bhp A -R * b 50 - 0b
hp • ehp A* v A ehp

Brake horsepower, weight and speed data for various types
of racing boats are given in Reference 4. The data from this
reference on small vee-bottom motor boats are plotted in dimen-
sionless form in Figure 19. This figure can be used to make
rough estimates of the bhp requirements of new designs. It can
be readily seen that since differences in propellers, in hull
form, and in hull loading are not considered here, the answers
obtained will only be very approximate.

Suppose that it is desired to estimate the bhp required to
propel a 5,000 lb boat at a speed of 25 knots. Then from Figure
20 the corresponding value of Fn is 3.6. Entering Figure 19
with this value we obtain a valu of R .bh of 0.265. We then
obtain bhp as follows: E ehp

__ ___~ __~~__ ~ ~~ . _~~~~~_~_~_____~~_ . ________~~ _____ _ _~____~~_~~_ __~__.~__ .... _I _-- ---



16

R 4b A ' V
bhp ehp 550

bhp = 0.265 *~ 000 25 1.689= 102

In Reference 5 a large quantity of data on pre-war
American and foreign motor torpedo boats were compiledq These
data are plotted in Figure 21 in the form of R b versus

F . The data on German boats have been omitted, because of
t bad scatter. Data on stepped boats, and on unconventional

forms, have also been omitted. A line has been drawn through
the intermediate region of the remaining points. This line is
considered to be of some value as a criterion of good perfor-
mance, and for roughly estimating the bhp requirements of a
projected design.

If the published information on the performance of full
scale boats also included the center of gravity locations and
values of the average breadths and average dead rises in the
planing condition, the total information would be extremely
valuable. The resistance of the boat in the planing condition
could then be calculated from available planing surface data,
and from this and the engine bhp data, values of propulsive
coefficient could be obtained. Such data are particularly
necessary and desirable because it has not been possible here-
tofore in this country to self-propel models of high-powered
planing craft and make torque and thrust measurements.

I I I r
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Design DTMB Centroid
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Higgins 3720 47.2
Huckins 3721 43.55
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Figure 4 - Chine Offsets in Plan View, for Three PT Boats of World War II.
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PLANING BOAT DESIGN DATA SHEET
22 DAVID W. TAYLOR MODEL BASIN

DTMB MODEL 3722 JUNE 1955

IE PERFORMANCE CHARACTERISTICS DTMB MODEL 3722 1/9 SCALE 80 FT ELCO PT BOAT

REMARKS:

Relatively high L ratio and narrow transom give low resistance
at Fn B3. Average resistance characteristics at Fn 3.

at Fn, <3. Average resistance characteristics at FnV> 3.

MODEL DATA
BASIN HIGH SPEED BASIN

BASIN SIZE 2968'x21'x(10'and 16')

DATE OF TEST 8 FEB 55

WATER TEMP 610 F

APPENDAGES SPRAY STRIPS

TURBULENCE STIM. NONE

MODEL MATERIAL

FINISH

WOOD

PAINTMODEL
TEST NO. 3

V R WLK WLL Wl
3.89 6.97 8.22 7.50 8.18

4.87 11.12 8.10 6.95 7.84

5.85 13.46 8.00 6.48 7.53

6.81 15.10 7.95 6.19 7.30

7.77 16.89 7.86 5.91 7.08

8.72 18.83 7.75 5.58 6.60

9.67 20.49 7.53 5.15 5.82

10.69 21.69 7.39 4.82 5.40

11.67 22.76 7.22 4.60 5.72

12.60 24.24 7.19 4.38 4.95

13.60 25.43 7.12 4.20 4.80

14.59 26.84 7.10 4.02 4.67

15.5'7 28.38 7.10 3.89 4.53

16.53 30.39 7.13 3.73 4.42

17.52 32.10 7.16 3.65 4.40

18.51 34.40 7.20 3.53 4.30

TEST NO. 4

Vj R. WLK WL, Wl
3.88 5,58 8.20 7.20 8.02

4.82 8.49 8.09 6.72 7.80

5.82 10.55 8.00 6.22 7.45

6.79 12.08 7.92 5.98 7.22

7.75 13.78 7.90 5.70 7.04

8.72 15.49 7.80 5.41 6.64

9.68 17.02 7.63 5.02 6.00

10.70 18.61 7.50 5.40

11.67 19.75 7.40 4.42 5.10

12.59 21.25 7.35 4.22 4.90

13.60 22.73 7.29 4.02 4.70

14.60 24.32 7.24 3.83 4.60

15.60 26.22 7.27 3.72 4.40

16.56 28.28 7.28 3.60 4.40

17.49 30.45 7.30 3.48 4.30

18.51 33.02 7.30 4.35

MODEL SCALE IN INCHES
1I 2 3 4 5 6 7 8 9 10 If 12

characteristics

I TEST CONDITIONS
MAXIMMC11AFT

TEST A L MORAFT COEFF o
S M s STABLE C e RAFT COEFFCENTPOMrLCG%

NO. Ib Ib V V" FnV FWD. AFT. OF A L%_ L
- 1.60°x

I 128.7 94,500 7.79 6.70 -------- BOW -1.30 1.795 0.762 2.1%L 46.3

0___90VBOW -0-600 1.380 0.994 5.1%L 43.32 142.9 105,OO0 7.25 6.47 -------- Oux - 0.60 .380 0.994 5.1%L 43.3

B OW--- 65 *35 1.444 1.171 6.0%L 42.4.. .. . BOW
4 121.1 90,790 8.00 6.80---7!P- x -0-4O1.4091 0.982 6.0%L 2.

I.-.-----. BOW

II FORM CHARACTERISTICS

BA

TI LINES

MODEL

A= 12.466 sq ft
L = 8.488 ft
BA= 1.469 ft

FULL SIZE

A: 1009.8 sq ft

L =  
76.39 ft

B= 13.22 ft

; I % L1

Figure 5 - Typical Design Data Sheet.
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1 2 3 4

Figure 6 - Resistances of Two Models from EMB Series 50, Compared by the Method in General Use.
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Figure 7 - Resistances of Two Models from EMB Series 50, Compared by a Correct Method.

__ __ __I _ __ ____z 

A

Model L/v

0- 2727 8.93
-A - 2742 5.62

Model data (no friction
resistance correction)
Appendages: none

__ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ -
_ __ __ _
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X

X

X X Model test conditions
for the EMB Series 50

2/3
Values of A/v for optimum

® resistance at approximately
constant L/BA

;13
Variation of A/v for optimum
resistance with L/BA

LCG 1.1%L aft of centroid of A (0 initial trim)

X D
X

X X

xxX :XX X

x x x

xx
x x

X X

X

x

Figure 8 - Variation

L/BA

of Area Coefficient for Optimum Resistance with Length/Beam Ratio,
from the Data of the EMB Series 50.
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Figure 9 - Effect of Area Coefficient on Resistance, with Constant Length/Beam Ratio.
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1.2 2.0 3.0 4.0 5.0

- Effect of Length/Beam Ratio on Resistance, with

Legend L/BA4.15

A/v =approx. 8.6
Model data (no frictional)

resistance correction)IAppendages: none__ I _ __ _._- _ _ _ _ _ _ _ _ _,_ _I,, 5.9
4.15

___ ______A/v 
/ = approx. 8.6

_______ ___ ___ - Model data (no frictional)
resistance correction)

Appendages : none

_________________ ________________________________ ________________ ________________ ________________ ________________ ________________ _______________ _____________i_
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Figure 11 - Effects on the Performance of a Typical Planing
of a Variation in Area Coefficient.
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Sigue 12 - StIfees on the Performanoe of a Typical Planing Boat of a Variation in L.C.O.
Loaostion.
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Design

0
El

0

70' PT
77' PT
78' PT
80' PT
90' AVR
52' AVR

DTMB Model

3626
3651
3720
3722
4375
4377

Test conditions for which the
model porpoised at high speeds

* Selected standard
test conditions

I III I

I -

_ _-I' Q _

0< c A 0_

I___ ____ _ _ ,

___ __ _ _ _ _ __ _ _ _ _ __ _ _ __I__

t 10 -8

LCG aft of centroid of A, %L

Figure 13 - Area Coefficients & LCG Locations Corresponding to
Model Tests of Typical PT & Aircraft Rescue Boats.
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I02 2

DTkB Twist of A LCG aft of
Legend Design Model Bottom 7/3 Centroid of A, %L

Higgins 3720 190 7.0 6.0%
.2 Elco 3722 11 7.0 6.0%

Model resistance corrected to 100,000 lb displacement, using Schoenherr
friction coefficients with zero roughness allowance.

.18 Appendages: spray strips only

.164

//

12

//

.08

1 23 4
Planing Boat Performance of Different Amo

Planing Boat Performance of Different Amounts of Twist in the Hull
Figure 14 - Effects

Bottom.
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1 2 3 4 _ 6
10-- 1_ 2___

2

,25--

Legend Deadrise
Angle, Degrees 7

20
100

Beam = 16.2' , L.C.G. fwd transom = 27.4'
.2C7

Resistance calculated for 100,000 lb dis-
placement, using Schoenherr friction co -
efficients with zero roughness allowance.
No air drag included.

Appendages: none

.10-

- - -2 4

Fnv

Figure 15 Effects on Planing Performance of Variation in the Deadrise Angle of the Hull
Bottom, from Planing Surfaca Data..lC __

-

1 2 3 4 56Figure 15 - Effects on Planin Performance of Variation in the Deadrise Angle of the Hull
Bottom, from Planin Suface Dat.
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Figure 16 - Variation of Length / Beam Ratio with Displacement.
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17.6'
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4.93
5.83
7.29
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.ppendages: spray strips only
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Figure 17- Effect of Size of Hull on Resistance for
Constant Displacement (100,000 lb)..

L/BA= 5.O08

Centroid of A is 57.8%L aft of bow.
L.C.G. is approx. 3%L aft of centroid of A.

Model resistance corrected to 100,000 lb displace-
ment, using Schoenherr friction coefficients with
zero roughness allowance.
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A/7 MA
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L/BA= 5.08

Centroid of A is 57.8%L aft of bow.
L.C.G. is approx. 3%L aft of centroid of A.

Model resistance corrected to 100,000 lb displace-
ment, using Schoenherr friction coefficients with
zero roughness allowance.
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Figure 17- Effect of Size of Hull on Resistance for
Constant Displacement (100,000 lb)..
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for Various Motor Torpedo Boats, from the
Data of Reference (5).
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NOTATION

A Projected area bounded by chines and transom, in

plan view

B Breadth over chines at any point

BA Mean breadth over chines, A/L

SBT OBreadth over chines at transom

Maximum breadth over chines

bhp Engine brake horsepower

SCH Draft coefficient, aft; equals draft at OL (measured
from tangent to mean buttock at stern) multiplied by
A/V

SCHF Draft coefficient, forward; equals draft at 1O0%L
(measured from tangent to mean buttock at stern)
multiplied by A/V

S3hp Effective Horsepower

FnV Froude number based on volume, in any consistent units
•, vv / I g V 73•

g Acceleration due to gravity

L Overall length af the area, A, m~asured parallel to
baseline

LCG Longitudinal center of gravity location

P Effective power, ft-lb/sec

R Total resistance

Rm Total model resistance, 1b

S. Wetted surface, area of

SW/FW Density ratio, salt water to fresh water



iii

v Speed

V Speed, knots

w Density of water (weight per unit volume)

TLC Intersection of chine with solid water, forward of
OL, ft

WLK Wetted length of keel, forward of O%L, ft

WLsP Intersection of chine with spray, forward of
O%L, ft

0 Angle with horizontal of tangent to mean buttock at
stern, deg

Deadrise angle of hull bottom, deg

A Displacement at rest, weight of

SCTrim angle of hull with respect to attitude as drawn,
"* deg

V Displacement at rest, volume of

Subscripts

M,m Model

S s Ship

o Value at rest



ABSTRACT

Four existing models of planing craft were retested at
the Taylor Model Basin's "standard condition" for planing
boat m"odels. The test results for each model are presented
in a design data sheet. The data are compared to show the
effects of differences in hull form. These comparisons are
independent of differences in hull loading, in LCG location,
or in size of boat. Auxiliary graphs are included to assist
in making estimates of speed and power for new designs.

I flkyM1)ODUT IO I 01

The Taylor MIodel Basin has accumulated a number of models
of planing boats which were tested for smooth water performance
in previous years. In gdneral each of these models was built
to represent a particular boat and the test results in each case
were presented in dimensional form for a boat of specific size.
In general the hiill forms ana the tedatodnditions-were uunrelated.
Data of this kind are not well suited for answering one of the
chief questions that arises in design work, - the question as
to the relative merit of different hull forms. When planing
boat data of the kind referred to above are compared, even in

*r dimensionless form, differences in performance due to differences
t in hull form are usually confused or obscured by two factors:

• (a) By differences in hull loading and LCG location.

(b) By differences in size of boat to whic'i the model
resistance is corrected.

Fortunately these kinds of differences can be eli-iinated by
adopting the Iractice of testing each model at a standard condi-
tion of hull loading and LCG location, and correcting the resist-
ance data from each model to the same full size dispiacerent.
This has now been done for four of the models of planing boats
whAch were on hand at the Model Basin, and the results are
given in the present report.

STANDARD TEST CONDITIONS

Definition of hull loading

The definitions of hull loading and of LCG location for the
-al-- ~ lnn ~ ~wit' sowl: care in Urer tv bjsignificant and useful. Hull loading is defined here as the

Ei
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ratio W/V2 /3 as proposed in Reference 1*. The suitability of
this coefficient can probably best be shown by analogy of the
planing boat to the airplane. At high speed a planing boat's
chief support is not from buoyancy but from that type of lift
which supports an airplane, i.e., Aynamic lift. Accordingly,
the important factors affecting the design and performance of
the planing hull are not those involving the waterline at rest
or the shape of the underwater hull at rest, as in the case of
the displacement-type hull; instead the important factors are
those influencing the performance of the planing bottom inproviding effective dynamic lift. And, as the projected wing
area is of fundamental importance in the case of the airplane,
so is the projected bottom area of fundamental importance in
the case of the planing boat. It may be pointed out as an
objection that when a boat is planing at high speed in smooth
water a large proportion of the bottom area is unwetted, and
therefore is making no contribution to the dynamic lift. In
the more important and critical condition of operation in rough
water, however, the entire bottom area contributes periodically
to the dynamic lift. Therefore in rough water, and especially
in a following sea, the magnitude and disposition of this area
assume very great importance.

Now in the case of the airplane a significant relationship
involving the wing area is the "wing loading", which is the ratio
of the gross weight to the projected wing area. A somewhat

.similar relationship is significant for the planing boat. How-
ever, it is not appropriate to use the identical ratio in this
case. The reason for this can probably best be shown by means
of an example. Assume that we have a boat 30 feet long with a
projected bottom area, A, of 180 ft2 and a gross weight of 8000
Ib, and also a geometrically similar boat 60 feet long and of
corresponding weight. The ratio &, or "bottom loading", for the

8000' A
30-ft boat is then = lb/ft 2 . Since the linear dimen-
sions of the large boat are twice thos'e 2f the small boat, the
bottom area of the large boat equals (2) times the bottom area
of the small boat, and the gross weight of the large boat equals
(2)) times the gross weight of the small boat. The "bottom
loading" for the 60-ft boat is then :

A 1800- (2)2 -2 " 44.5 Z 89.0 lb/ft 2
A " 180 - (2)2

Evidently then, "bottom loading" in lb/ft 2 is a function of
absolute size and is therefore unsuitable as a criterion of the

• References are listed on page 8.
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.relationship between gross weight and bottom area for different
....... sizesfboats. In te example just considered a suitablecoefficientOwould have yielded identical values, since the

.. boats we're geometricalýy similar. If the relationship is
changed from A/A to A2 1/./A, the ratio will no longer be affected
by absolute size and a useful criterion of loading will have
been attained. In the present example A2 / 3 /A = ,.22 for btth
boats. If the ratio is further altered from A2//A toV /2/A,
a dimensionless ratio is attained which has some physical sig-
nificance and which is not affected by differences in water
density (as betweeu a full size boat in salt water and the
corresponding model in fresh water). Inverting this we obtain
the area coefficient, A/V2 /3 , as proposed in Reference 1. The

.value of this area coefficient is 7.2 for both of the boats in
the present example. This ratio h!as a useful physical inter-
pretation; it indicates the ratio of the projected bottom area
of the boat to the area of one side of a cube whose volume
equals the volume of water displaced at rest.

Definition of LOG location

Analogy to aircraft practice is also useful in arriving at
a satisfactory method of defining LCG location. The problem
involved is indicated by Figure 1 w hich shows plan views of the
bottoms of two planing boat designs, Design I has a narrow
transom, with the centroid of the p±o ed bottom area and the
pocltion of maximum breadth relatively far forward. Design II
has a wide transom, with the centroid of the projected bottom
area and the position of maximum breadth relatively far aft.
It seems evident that it would not be correct to consider that
these t--- desig-s have corresponding center of gravity locations
sirnply if" the LCG's of the tvo designs are located at the same
percentage points on the centerline lengths. This would be some-
what the same as if an aerodynamicist were to treat his longi-
tudinal CO.G. location in terms of the centerline chord of the
wing, without regard to the amount of sweepback Of the wing.
The aerod:,namicist, of course, does nut do this; instead he
treats the LCG location in terms of the .nran aerodyn-74.c .. ord
of the entire w.-ing. A similar effect. is achieved for planing
boats by DIl"iB's practice of treating the longitudinal center
of gravity in terms of the distance from the centroid of the
area, A.

In order to arrive at representative average values of
."/V2/3 and LCG location, the weights, hull areas ahd LOG
locations for a number of planing boat designs were evaluated
in Reference 1. From this evaluation, the standard condition



selected for tests of planing boat designs at the Model Basin
corresponds to A/fv = 7, and the LCG located at 6%L aft of
the centrold of the area A.

Four models were retested at this standard condition and
the results are given in this report in Figures 2 thro 5.
In addition, Model 3592-1 (Figure 2) was tested at Af•'q 7,
with the LCG at 1O%L aft of P2 centrold of A, and Model 3722
(Figure 5) was tested at AA - 8, with the LCG at 6%L aft
of the centroid of A.

DESIGN DATA SHEETS

The test results for each model are presented in a design
data sheet as pr'nosed in Reference 1. The dimensionless speed
coefficient used '.s Froude's number based on volume of water
displaced at rest, referred to as Fj. The effect of K sing
this speed coefficient is the same ab that of using ) . By
using FnV however, an unn cessr.yeconstant Y- is avoided
(Fn q V4/'gl13. whereas K- -v//ktt/3).

Curves of the dimensionless power coefficient, w 0 /

are included in the performance characteristics section of each
design data sheet. The advantages of using this power coeffi-
cient and also the speed coefficient Fr, are clearly explained
in Reference 2.

The main reason for the form in which the performance
characteristics are presented is so that the designer can pick
the most efficient hull form with the least effort. The curves
of R/L as they appear in the design data sheets can be compared
directly to show the relative merit of different hull forms,
throughout the speed range. The same picture of relative merit
will be shown by a comparison of the curves of power coefficient.
The latter curves are also included for another p ose, however,
as will appear later. The curves of a and of S/V /9, for the
different designs, can also be compared directly to show how
the angle of attack and the wetted areas of different designs
compare.

ESTIMATING THE SPEED OF A NEW DESIGN

Auxiliary graphs, Figures 6, 7 and 8 are included to assist
in applying the information in the design data sheets to specific
design problems. Assume for example that it is desired to
estimate the speed of a 50,O00 lb boat having an engine horsepower



of 1200 bhp,' the hull form arnd loading to be similar to that
for Model_.3Z26, which is shownm in Figure.43 . Since.-.he, design
data she'et.,gives 'resistance and ehpodata without-appendages it

4 ~is first necessary to'esti-mate the valu~e of' te..Laratio of ehp
without appendages to bhp with appendages. -FYor -t he present,
example..the'*value of this ratio would.-be about 04. '-Then, ehp,
(without appendages) = 0.5 bhp (with appendages)= 600. Then
from Figure 6, the value of the power co~ffidiient, 10 P/wgl/2,7?/ 6

is 3 .84. Now the curve of power coefficient in each of the
design data sheets was -necessarily calculated for a .specific
full scale displacement- As indicated the displacei:ment assumed
was 100,000 lb. Therefore Figure 7 has be'en ptepared' to assist
in converting between power coefficients at 100,000, lb displace-
Ment and power coefficients at oth~er values..ot' displacement.
The procedure for the present example is:-to: etriter the horizontal
scale of Figure 7 with the value of displacement (50.,000 lb);
then, from this point extend a vertical line to the power
coef-ficient value of' 3.C0+ in the family of curved lines. From
th.Lis point extIend a horizontal line to thb scale. at- 'the left
side of' thie graph* -nd hecre read off the value of power: coeffic-ý
ient for 100,000 lb displac'emenit (3.60 in thi--s' 'case-).

The fami-ýly of curved lineis -in Fig.ure 7 indic,ýý ?. ->_omstant
vausof thae powear coe~fficient for displýLcermennt-s' ran-_gingr from

20,000 to 160,000 lb. The horizont1-a 1ie utogethr with thec
scale at the left of- the graph, indicate corresponding constant

vaL-softhe- power coefficient for 100,000 lb disllacernent.
Th'e fact thlat the value of thIis dimensionless power coefficient
varies wilth disiplacer-ent (iewi~th size o1f bo1rt),:- is cau,,sed,

of ouxze"by ie "'act that the *lrtrger of t--o s`,rlilar '.oats
wl.hacve a hipher value of Reynolds' num,-ber thanr the- small1e r

boat vhnthe tw.o are op~erating ,at corresp~onding' speedis: th'-ere-
fore the frictional resistance c~ef-ficients, and hence also
th'-.e values ofl. pow.,er. coefficient, will be lower f-or thl-e large-,P
boat t.*han for th'e s.nall b~ioat. In the present exaT~iple thre

mantueo-- the correction for difference in. size is vý:-rv
s:;;;~li: the .,alue of-1 t" e po.-rcoefficient is only a!bout_1 11;;
less for 100,000 lb dis-iaccnenrt thnf ý 020 lb d'szlace-
,.ient. lAtighier splaeds, and with greater dif1 ferennces in dis-

plaemnt, the ," untde of h correct'ion' can bdjcoimC apec.
able. Figure -7 Shous for example that wh.Len the value o' oe
coo-fficien`.- forý 20,000 lb d is -pl1ac e j ,en. i ,equals 8.2, thle corres-

podi:vallue for 100,000 lb) displace::ient is 7 .7 4'., whichn is
5./ less.
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The next step in estimating the speed for the 50,000 lb,
1200 bhp boat is to enter the power coefficient curve in Figure 3
with the value of 3.8. The corresponding value of FnV is found
to be 3.01+. Entering Figure 8 with this value, at a displacement
of 50,000 lbp we obtain an estimated speed of 31 knots.

SESTIMATXNG THE POWER FOR A NEW DESIGN

The information In the design data sheets can also be
used for the reverse process, i.e., to estimate the ehp
required for a given speed and gross weight. Either the curve
of R/& or the curve of power coefficient can be used for this
. alculation. The procedure is essentially the reverse of the
procedure just indicated.

COMPARISON OF ,RESISTARC35

The curves of R/A (or of 10 P/wgl/2i7/ 6 ) in Figures 2, 3,
14- and 5 can be compared directly to show the relative resistances
(or power requirements) of the different designs. The resistances
are compared-in Figure 9. This comparison is on the basis of
equal sixe (i.e., equal area, A, and equal gross weight), equal
speed, and corresponding center of gravity location. The re-
maining differences in resistance are caused by differences in
hull form.

As discussed in Reference 1, the superiority of Model 3722
over Model 3720 can be attributed to the much smaller amount of
twist in the hull bottom of Model 3722. It is evident from
Figure 9 that Models 3626 and 3722 are the two designs which
are of the most interests Model 3626 because it has the least
resistance at high speeds, and Model 3722 because it has the
lowest average resistance throughout the speed range. The
chief difference between the hull forms of Models 3626 and
3722 is that the length/beam ratio of Model 3626 is appreciably
lower than that of Model 3722. It was shown in Reference 1 that
length/beam ratio has an appreciable influence on resistance;
also it was pointed out that the choice of the length/beam ratio
for a new design depends to a large extent on the size of the
boat and on the type of service intended. For these reasons
it is desirable to compare the performance of different hull
forms on the basis of equal length/beam ratio. This suggests
a graph like Figure 10, in which R/A is plotted against length/
beam ratio for several different values of the speed coefficient.
The data from the four designs reported on here are plotted in
this graph. A useful advantage can now be derived from the
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fact that except for the difference in length/beam ratios
and some difference in the extreme bow portions, Models 3126
and 3722 are very similar. The bow portions are dry in smooth
water at all but very low speeds end therefore have no effect
on the smooth water resistance for the speeds of significance.
Evidently then lines connecting the data points for Models
3626 and 3722 in Figure 10 will indicate the trend of the
effect of length/beam ratio on resistance for the different
speeds. Lines of this sort are drawn in the figureq Howeverl
instead of depending entirely on the data from only two models,
additional data (not included'here) from other pairs of models
which were similar except for differences in length/beam ratio,
were used to guide the slopes to which the lines should be drawn.
Accordingly it was possible to extend the lines of Figure 10
over a greater range of length/beam ratio, and to have more
confidence in their significance, than if they depended only
on the limited data shown.

The lines of Figure 10 illustrate the fact that for speeds
below FnV = 2.5, planing boat resistance decreases with increasing
length/beam ratio. At higher speeds (up to FnV equals about 4.2)
the resistance increases with increasing length/beam ratio.

By means of Figure 10 it is now possible to make resist-
ance comparisons which are not affected by differences in
length/beam ratio. When resistance data are available for a
new design they can be plotted on-Figure 10. Then at each
speed the vertical distance from the data point for the new
design to the line in the graph, will show the difference
between the resistance of the new design and a hull of the form
represented by Models 3626 and 3722, but having the same length/
beam ratio as the new design. Or, alternatively, the resistance
curve for the new design can be compared with a curve constructed
from Figure 10 using the length/beam ratio of the new design.
By eliminating the effect of length/beam ratio in this way it
will be possible to see the effects on resistance of the other
hull form parameters.
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 3592-1 1/9 SCALE

MODEL DATA REMARKS:

BA•SIN 120W 8PU• RAN •Relatively high 0k-rlrtio and exceisive twist (indicated by rate of an&

BASIN SIZE 2968'0211z(10&nd 16,) angleB) give poor resistance chLracteristics at Fv> 2.8. Rtelative

DATE TEST sections associated with narrow stern live low resistance at 1n7 <2,

WATER TEMP 6e?• average resistance at 2.3<PnV <2.8

APPENOAGES SrA! STRIP

TURBULIENCE STIM . oN " I TEST CONDITIONS
MODEL MATERIAL. W00D T b A TAXIE8UM DRAFT COEFF.

TEST A A j. SiREE r RATCOP
MODEL FINISH PAI? lb lb) Fn, FWD. AFT.

TEST A TEST B k .67.5 125,575 ?.00 6.29 ........ T ÷0.300 o.062 1.292

.,, m w, w, W L, , V.L R,, WL, W1, , B -67.! 125,575 /.00 6,29 ....... Bow

3.9j 7.82 8,.4:2 4.92 _ 3.98 7.30 8.46 ?.33 ?.?5

4.9 13.43 8.25 6.42 6.73 4.97 12.23 S.42 696 7.42

5.8 16.17 8.08 6.08 6.58 5.93 14.76 6,35 6.62 7.25 n FORM CHARACTERISTICS

6.8 17.79 7.92 5.88 6.58 6.93 16.73 8.28 6.42 7.13,_, :

7.82 19.64 ?.?7. f.62 6.54 7.90 18.91 8.2f 6.17 7.04-- -
120 13-

8.85 21.68 7.m0 5.29 6,33 8.90 21.37 8.08 5.83 -6jI8. .

9.$6 23.29 7.3 4.93 6.10 '9.88 23.5? 7.92 5, 71 6.67 - - - -

10.6 24.31 6.96 4.62 5.83 1.025.15 7.67 5.33 6.46i 1 1i
11.4 25.43 6.75 14.42 Y.71 11.87 26.53 7.50 5.00 6.29 LB-56 ETODF

_ _ _ ..__m 5.1 i CENTROID 0 IA
12.82 26.89 6.67 14.17 5.46 12.81 28.28 7.3f 4.75 6. 3 SA AT403%

_______ _ ______________ ~-L/%= 5.07?Ai..
213.5 27.94 6.58 4.00 5.38 13.85 30.11 7.21 4.58 6,04 B/ w0.821j.~ .i-

84. 29.45 6.58 3.83 5.25 14.82 31.79 7.08 4.33 5.92 
40 1 T

15.72 31.01 6.57-- 15.82 3349 7.08 4.17 5.83 -- MEAN 'UT 0

16.74 32.80 6.54 3.54 5.12 16.7 35.78 7.08 4.04 547
1 7.734.87 16.58 3,42 5.08 17.74 38.14 7.08 3,87 0 0 203.0 0 7

36.6 6.8 3 325 5.08 187 05 7.04 3.71 56

SLINES

MODEL FULL SIZE

As 13.536 0q. rt. A a 1096.4 sq. ft.
L - 8. 742 ft. Lew 78.68 ft.

Wp I.54 ft. Sks 13.93 ft.

._, .. ,.e ., ,. ?., . -e. - -..- •.- , o ...,o + ,5a. + - ______ -
I.'i I'+t" o, ,.io, ?o .?. ,,

I s~

A.-.l -i- .6,q t ,zo64,t

!, -'-.-,4=______

Figure 2 - Design Data Sheet for Model 3



PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 3592-1 1"9 SCALE SOFT. PT 8

".L DATA REMARKS:

pmD RASTR Rl&taoly high .stio and oXcessive twist (indioated by rto of change of
-9r68•z221'g(aM' 16') s~tl•an ) give poor resistance eharactearliatieast paq2.8. Belstl7 straight

avrg resstn. ataivl (2.8i1setions associated with narrow stern low resisune's I atiV <2.3 an3I'.T 2M5 av .@rage resistance, at• .3<•'nq7 <2.8

SPRAY LT LR]IP8

STIM. 1110W I TEST CONDITIONS
•A h - . -TE ST, OARAFT COEFF. IcOT LCG

1b Ib Fa FWD. AFT. oF A

TEST B A. '167.5 125,575 7.00 6.29 ........ ion + 0.30°1.062 1.292 i0.0%L 38.3
125,5757.0 6.29 ---------- - 0.70 .52? 0.990 6c.OCt.3V.I R. W.LjL= # L.. _tt.= :BOW7• 42.3.•..... o

3.98 7.3 .46 .33. 7."

4.97 12.23 842 6.96 7.4.2

5.93 14.76 ,A 6.62 7.. FORM CHARACTERISTICS
1 6.93 16.73 8.28 6.42 7.12(_________

7.90 .91 0.2f• .1? 7.04i
T

1 8.90 21.37 8.08 5.83 6.88 -T ~ 6

, 9.88 23.57 7.92 5.71 6.67 O0 -.- 0
10.90 25.15 7.67 5.33 6.46 , I "

.1.87 26.53 7.50 5.00 6.29 El I -; O 1.
___ -~17 L/BA2 5.65 A LL \z~2.811 28.28 7.35 .75 6.1.3 L/B o 30

13.85 30.21 7.25 4.58 6.04 - 0.:21

1 14.82 31.9 ?.08 4.33 I.9W :Oi.

19.82 33.Y9 7.08 4.27 5.83 20 _7 MEA BUT-j--:______ --
16.76 3%.78 7.0e 4.04 F.T7 I

317.8 38.14 7,01 3,17 145 0 10 2 30 40 0 60 .70 80 90 100

i91.711i 4045! 7.06 3.71 .8 %L

N LINES

MOMEL FULL SIZE

As 13.536 0q. rt. As 1096.4 q.,ft.

La 8.742 ft. Lz 79.6 ft.
1w 1. f4 It, •e 13.93 ft.

4 7" '

F 2 D D S e fr Md 3 -

Figure 2 -Design Data Sheet for Model 3592-)•
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TO PERFORMANCE CHARACTERISTICS
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 3626 y SCALE 70

MODEL DATA REMARKS;

BASIN HI AD Average l. ratio and norrow transom Aive 10w reslitance characteristies at 2.3

BASIN SIZE 296
8 'x2i1'x(O'and 1) 3.5 and average resistance characteristics at 8fls7> 3.3. RelativelY

DATE OF TEST 6 straight buttocks forward give only averags resistance characteristics at

WATERft EMP FAp n,7 (2.3.

APTENDOATE SPRAT STRIPS

TURBULENOE STIM. Non1 I TEST CONDITIONS
MODEL MATERIAL WOOD TES as A i- MANIM - TCO AFT

MASTABLE CI RAFT COFF. I I

MOELFIIS. lbIN lb Ito / _ v FWD., AFT. OF

-~T~i NO -- -2 980 61,900 -- 8.44 6.58 +--- i *1
V R. WL. WLe ., n - -

- 49,000 9 .. 7 .0 - X 
'

4 
-.. . .... -..

5.,34 21.68 7.45 6.20 7.25_ 
7.34.8 ___

- 5 - 2. 11,5 7.001 599 --- 4 0A5 1.1331.016
6.40 13.33 7,40 5.70 6.80 2..0 1,170

7.48 14.98 7.30 5.20 6.20

8.54 16.6? 7.10 4.80 5.o 0 L i FORM CHARACTERISTICS
9.60 07.58 6.90 4.40 5.10

10.70 18.79 6.70 4.10 4.80,I

11.76 19.92 6.65 3.90 4.60 0 - ;-' ! - -'-I--1-1
12.82 120.88 6.60 3.70 4.40_I
3-.95 22.39 6.60 3.55" 4.35 -- ' I

15.06 24.24 6.65 3.40{ 4.25 i - -

-- - -32 ... .. 86 60 5...3

17.16 28.30 6.70 3.20 14.25 i L/Bu 4.n C-NTItOIDOFAL -_-.. - t I
3. 251 40--! BT/BxZ0.63% TY9

0 ."".8.21 3 . .. 7 3.05 - MEAN BUTTOC6.5 .25

! :... : .. .. o 10 20 3004 60 ?0 so

- LINES

MODEL ,fULL SIZE
As 11,415 so. ts. .,As 824.73 @4- ft
La 7.649tt. La 65.U tt.

2, 2 .ft:_:,. U-6/ ft.

-To-

Io i

Figure _3 Design , -8 t for M•de_- ..

Figur'e 3 - Designi Data Sheet for Model 3,



PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 3626 Tý SCALE 70 FT. ELCO PT BOAT

MODEL DATA 7RMRS
ASIN HIOH SF33 DAun Average AL_. ratio and narrow transom give low resistance ch~aracteristics at P..

SIN SIZE 29681x2i'1x(O~and 169). b~~oIan averaged reisaol ~rg otanc chrceit cs at p aot.35.a- Re ativ

TATE OF TEST 6 OCT 54stagtbtokfowrgieol trgreitnehrcerstest

A ER TEMP ?3P? Fn.7 <2.3.

uRouLENcE STIM. won I TEST CONDITIONS
ODEL MATErnAL ROOD TEST &, as A MAXIMUM DRFTCO . O

PAINT N.8. 7.5 6.9. _76

EST4 14.98 5 .0 52 __

163 7.10 4.80O 5.5 7.0 .OR CHARACTERISTICS
142 8.27.58 6.90 4 .40 .10 I

.07 18. 5 6.20,'10 48
~129.6 $11,6- 3,06 56 .2--?--.- --- J . .... S - ."f d

2,8 32.88 6.60 3.70 6.40i

2854 1 6.67 .10 3.80154.350I ____ t
10 1.9 6.7.0 4.40 4.280 ~ j~I~, .~4

2, 6 1.0' 6.65 3.25 4.6 ' .. / 4'51
2.8 28.30 6.6P0 3.20 4.25F LBz .70NRODOA1

3.95 22 -30.6 6.75 3.05 4.25 1 FtBo65 - -

A65 3.251 60 t A 4~3e.

L !L4u- BP4 XO49tt. La6.~

0t 114 20 30 40 A 80

, 'IL

Ban~~~~~. ,.9Nt. Bs" t

. ......... t r--

Figure 3 -Design Data 5heet for Model 3626
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 3720 1/9 SCALE 79 FT. HIG

REMARKS:
Relatively high -1,- ratio, excessive •wist ( indicated Ly rate of change of

BA
/I) and pronounced concave aecti±.ns give average resistance "eAracterxitics

at ?nV <2 and poor resistance che racteristics at Fn\ 7 ; 2.

I TEST CONDITIONS
MODEL DATA DR AF T , MAtIMUM O.AFTCOEFF. COAMODEL DATA '0e A,. A, STVETCLNTFRO

_0_1_lb _lb ,__ _ FNv - FWO, AFT. OF A

BASIN .... $PO B I o.5'z
BASIN SIZE 8 1 z 0an I 121.3 9 7.78 6.61 ........ SI + 161) 3.1

DATE OF TEST 7 D 54 2 121.3 89_120 7.78 6.61 -....... sw 1.25

WATER TEMP 63f? 3 '34.5 98,830 17.26 6.39 ---- -.03 -. %
APPENDAGtES KFHL& SEPRA18TBXP8 " 4 134.5 98,830 7.26 .L --'"- A 330

TURUULXENCZ STIM. RON 10,6 0.0?.7:.! -571

MODEL MATERIAL 0D- 139.60 1

MODEL FINISH PAINT

. . .No. • '- FORM CHARACTERISTICS

3;84 ' .37 7.02 6.60 W7.40 " ' - r- -- -- - T- --- --.. , --

5.4 13.37 7.60 5.77 6.80 2001------ ---}-h-1- ---
64 5.f35 ?. 50 5.4y 6.60 8

?.68 7. ?.40 5.13 6 • - L/E..' ".63-

8.844.73 5.80 8,/8X--O.714AT'.% __ - - -4-.--
,---9.5 20.5% ..00 4.40 5.15.. 4____-__9.__ !0Ii ___,00 _ ________ l"•" "74AT{ __~~t9 l I \ I •4"• - f _,_

10.62 21.67 6.80 4.15 4.85 MA UTC

[xl.;o 22.6,8 6.?o 3-5. 4. 55•"... .

"2.50 23480.70 i__ 1. 0 . 20 30 40 50 60 70 80
23-46 124.93 16.7`0 3.60 14.31

"14.41 12.48 1 .70 3.40 14.31l la L"

15.421 28.18 6.70 3.30 14.3 LINES

16.3o _.'8 6,5 -. L MODEL FULL SIZE
1 _8 32•2•- 1.-65 3.00 4.40

18.26 134. j 6.80 1.00 4.41 A- u."93 s rt A- 91.4 aq ft

6.8 . 1 4 5 L a 8.200 ft L E 7.38 ft "

19 .20~~~,~ 11.8 & 8 2 . 0 4 f A .463 ft k e n a 1 3 rtU ', K,_A.U!,. 1 =, .

0l~l' I)4I~i i "'3 / 1,
Li . & I 111414'1

-?A*+ --- -+ -, .... lj!!L--
i : - -l '" "°: "Ii I I /I/1/

6e It
F', + , ., ' - 1 t

F o 0 30do 050 so 0o

L * 20 F?. - -200r.

Figure 4 - Design ata Sheet for n.ode



PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

IJUNE 1955

DTMB MODEL 3720 1'4 SCALE .79 FT- HIGGINS PT BOAT

REMARKS.

Relatively high rL atio, excessive t'ist indicated by rate of change of angle -
F and pronounced concave sectionsi give average resistance chearateristics

at ?fl.7 <2 and poor resistantce characterisiics at FnwV2.

I TEST CONDITIONS

MODEL DATA TES MAX -N . DRAFT COEFF. %U

POO."0 A-/svon__r FWD. AFT. NtOr A

N _____ 4pr B3JS ___

NIZ g w 's c-m 1. 121.3 89,120' 7.78 16.61 ----- ±VN +1.1e __

.OF TEST 7 M~ P4 zr __.... .__r _L ,3

ER lI~mp 631? 1 a80 .26 6.39 1.51 030__- 3.76L 43.2

FOA^GES VRL & SPRAY STRP 4 ?3. 8,3 .26 6.39_ -0.136 _

M.ENCE $TIM 1101 ... 6 ____

EL MATERIAL. WOOD

EL FINISH PAIM

No. 5 I FORM CHARACTERISTICS ----

6.77.82 6.60 7.44D U20ý -. ± r. ~~j
10.63 ?.72 6.20 7.10
13.37 7,60 -7 6 010J.

15r.35 7.5 1.45 6.60 L/AO.~1~F

17.46 7.40 5.13 6.25 1 ~ 0 -1

19.13 7.20 4.03 5.60 /B - CENTROID OFA -. 3

20.56 ?.00 4.40 5.15 70A 69L__.~j

21.6? .6.80 4.15 4.85 ENeuTC

23.781*.640 3.7? 4.40 0 0 2 0 4 0 6 0 -0 9 0

'14.93 6.7" 3.60 !.35% 0 * 0 4 0 0 7 o 9 0

16.?860 3.40 %~ YL-t1.86.70 4.3 3M LINES
30186.0 44.4. MODEL FULL SIZE

2.2V 6."5 .00 4.40

3A.76 6.80 3.00 -4.45 An u1.93 at rt Am q7.4iaq ft -

137.086.028 La 8.200 ft Le 7-38 t~
862, 1.463 ft1 2 3.17 ft

an.,

6-2 A. 91 *

10 40 so to06

-___________L *B 200 rT y

F'igure 4- Theslgfl Data. Sheet for M..odel 3720
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PLAIZING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 3722 Z SCALE

S...." -- REMARKS;

Relai vel•2y high~ Ar raltio AM mr.riow t~lm•r..la glive low' 1,mils•,ine chaal'

at tv h<3. Aveao raedisitame obsraot'arst'as t rn7 o> 3'

MODEL. DATA 2 TEST CONDITIONS

BASIN SxIGN SM~D M81 TESTA
BASIN SIZE 2968,'2l'x(1o'ad 16'w) NO. lb Fag FW. AFT.

DATE OF TEST 8 M 5 1 12.7 9,o Wt 6.70 ----- 1.30 1.795 0.762

WATER TEMP 61!?- a 162.9 105t0W 7.25 6.47 0.60 1.380 0.994

APPENDAGES $MAY InP 3 148.0 10,00 7.0o 6.36 . -0.3f 1.4 1.

MUOOLLM SF1MS you 4 121.1 0,9 An6.806--------0.79 3t -0.4?' IQ .0.983
MODE[L MATEIMA WOOD 

2

V VRIA. m L, w3 FORM CHARACTERISTICS

3.89 6.97 8.22 o.50 8.18 3.88 5,58 8.30 7.30 8.02

A.87 11.1.2 8.10 6.9" 7.84 4.82 8.49 8.09 6472 7.80
5.85 13.A6 8.00 6,48 7.53- 5.82 10.f5 8,0 c.2t 7i45
6.81 15.10 7.95 6.19 7.30 6.79 13.08 7•." 5.96 7.23

7.77 16.89 7.86 5.91 7.08 ?.?1 13." 7.90 5.70 7.04 b -

'8.72 18.83 .7.75 5.48 6.60 8.72 15.49 7.80 5.41 6.64 0Ls,44
9.67� 2.49 7 1.3 5.15 5.82 9.68 17.02 7.63 5.02 6. 00 .. iS ?.o CENT OfO O A.

10.69 21.69 7.39 4.82 5.40 10.70 16.41 7.50 . .40 4' MEAN BUTTOCK(

11,67 22.76 7.22 4.60 5.72 11.60 It.7$ 7.0442051

1..024.246 7.19 4.38 14.95 12.59 2A.25 7.35 4.22 4.90

13.60 25.43 7.1• 4.90 4.60 13.60 3a.73 ?.29 4.01 47 0 10 20430.4070 60 +0 a

2.4.59 26.84 7.10 4.02 4.67 14.60 24.32 7.24 3.83 460 L

1$.517 26.38 7.0 -3.89 4.53 15.60 26.22 7.27 3.72 4.40

16.53 30.39 7.13 3.73 4.42 16.56 2,.2 7.2 3.60 , r LINES

1752, 32.10 7.16 3.65 4.40 i17.49 30.45 7.30 3.48 4.30z+••,o•• 3,5 .3o !. . . . MODEL FUL;L -SIZE

38,51 34.40 7.30 3.34.30 J 18.1 3301704.35_MCLFULSZ
As 12.464s 41t As Uoo9.8 sq ft
"Le 8.4"8 ft Ls 76.39 rt
Gas 1.469 ft 16i 13.22 ft

F-7S/7/! q•• ,,j.,
. . ' i 1/ w- .,, "1-

, .Q - --- - ----- --

' __.__.._Figure 5 - Design Data Sheet for jModel g



PLANING BOAT DESIGN DATA SHEET
DDVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMS MODEL 3722 1/ SCALE SOFT. ELCO PT BOAT

REMARKS:
R e lati vel y h igh 4 7 rat io m ad m rro w t• an som g iv e lo w e s•slta n c e cha re ate ri stl i e s

at Pan <3. Average resistance obaracteaihti~eg at mv,> 3.

DATA I TEST CONDITIONS ._
1'My TE1T A1  A L MMu z DAFT C T LCt4uo . . 0;.o lb lb F a -F D -~ • • A FT . % L-1mV 128 _._7 9, 500 ?.79 640 ------- 1-.3P 1 0. 76 o ,A 1 4-i.-,. ,

2 142.9 1059000 7.25 6.47 --------- . . • 1 -0.600 1.380 0.994 I-uz, 43.3

..,'IPS3 148.0 210,960 7,00 6.36 ----- 0°65,- -0.3• .44,4 ,.,n 6.09L 42.4
NONE 

DOWL4 121.1 90.7•90 m 6.80 .---.... -oWz- .40. 0.982 6.oz 41.4
WOOD.. .......

PAINT

" - W - W-m 3 FORM CHARACTERISTICS
SWLe~ WL

5.S6 5,58 so=0 7.20 8.02 Ig - 1 1 T 7 60.82 8.49 8 6.72 7.80 " I -

02 10.55 8.00 6.22 ?.45 I •1 *
- 100l-.*I---••1-0- -_-_ -----------

6.91.0 *2 5.W 7.22 I1 so
7.75 1.3.7 7.90 5.70 7.04 /a ~
1.72 15,490 7.80 j.41 6.64 BA d / 1  .4 - - .J.

-- -L/ xs. ".'-7 . . " . : . . .....3
).66 17.02 N.O 5.02 6.00 0.651 CENTROIDOF A

S24e.324 7.4 3.83 4.40 90 % L 120

D.70 I18.61 ?.50 1 .4 0 1,o
A.~~M1A 1BUTTOtAu1o•.K.

4.35

1 7 1.7 *0 4-4 1 1 1 1 0 I. 2

.9 21.25 , 7.3 .2 4.913..2

4.6 2 3 2' .43.83 6'. 4JI

"; " 1, % L

i \\ \ \ . 1 *2<'t.-4!~. co~ll+1:AI- +?m''r0fTO m U 'H " I
! . • o 3 8 3 T s • I . _ ,,.. • - •, -

\- -r-K+,~-- w• ŽL77 ----'I":+. -/ "

E L $uL . .. O6I .40 1, LINES

-± E.F i. -S

FiguEL 5FULLig aaShe o Mdl32
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