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Model

3626

3720

3722

Lpx

7,649
2,331
8,200
2,499
8,488
2,587
8,488
2,587

Bpx

1,791
0,546
1,786
0,545
1,791
0,546
1,791
0,546

Dep B By Centroid  Lcg aft
of Centroid

129,600 v 17,55 7,00 49,00 -6,00
58,787 kg

139,600 v 21,50 3,00 46,90 -6,00
63,323 kg

148,000 v 17,55 7,00 48,40 -6,00
67,133 kg

121,100 w 17,55 7,00 48,40 -6,00
54,931 kg
"

Lcg from  Leg/Lp Centerline AP Twisted

Transom angle angle
3,289 « 0,430 -1,90 11,415 w2 10,55
1,003 m 1,0605 m2
3,354 « 0,400 -1,70 11,993 «~2 18,50
1,022 m 1,1142 w2

3,599 n 0,424 -0,50 12,466 -2 10,55
1,097 m 1,1581 m=2

3,599 n 0,424 -0,50 12,466 -2 10,55
1,097 m 1,1581 m=2

LITERATURE = Analyzing the Stepless Planing Boat -DTMB 1956
Comparative tests for four boat series
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ATTC
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6,879

cv

0,352

0,382

0,402

0,329

VeglLpx Shaft
Angle
8,30

Lce

Transom
0,000
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0,000
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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

Bp Breadth over chines at transom

Bx Maximum breadth over chines

B  .Baseline

bhp Engine brake horsepower

¢ Centerline

CcG Center of gravity

Cgp Draft coefficient at rest, forward; equals draft at
1004 L (Measured from tangent to mean buttock at stern)
multiplied by A/V

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

ehp Effective horsepower

Fpv  Froude number based on volume, v/V gvt/3

g Acceleration due to gravity

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

ICG Longitudinal center of gravity location

R Total resistance, 1lb

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)

Speed

"Speed, knots
Density of water (weight per unit volume)

W
WLg Intersection of chine with solid water, forward of O%L, ft
WLg Wetted length of keel, forward of ofL, ft
WLgp Intersection of chine with spray, forward of O%L, ft
A Linear ratio, ship to model
A Angle with horizontal of mean buttock at stern, degrees
A? 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 previocus designs can be considered to represent boats
of the size of the new design, and the data on their performance
¢an be used for guidance. In order to do this easily the designer
needs to have the informaticn on the previous designs in suitable
form. 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 dlscussed.:
Also, methods are proposed for improving the usefulness of
future model tests for purposes of comparison and analysis.
Finally, a step by step design method 1s proposed, ani 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 By, of the chines (see Notation pg ii).
The chief reason for defining the length of a planing hull
in this way is so that onlvy one value of the length dimension
will be assigned to each set of lines. If the length dimen-
sion 1s defined as the length of the load waterline, then a
given set of lines could concelvably 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 area, coefficient. The relation-
ship between hull size and gross weight can be expressed in

convenient dimensionless form by the ratio A/V®5 , where A is
the projected area bounded by the chines and transom, in plan
view, and ¢y 1is 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 ylelds 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 onej; for, to

a good first approximation (assuming the same depth of huil
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/wBx®, are the ones most cgmmonly employed.
The unsatisfactory result of using A/(L/100)> 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. Comparison of
these two designs on the basis of equal A/(L/100)35 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,





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'ghe two designs were compared on the basils
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 mean, buttock. This can be conveniently
done by intersecting the straight line approximations to the
body plan sections by a buttock plane spaced at g;/h from the
centerline plane, as shown in Figure l. Examplesiof 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 gene:ali 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 mgke 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, thersfore, by shifting each
mean buttock curve so that its after end is tangent to the
horizontal axis of the graph. The mean buttock lines 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 oX .
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(f) Plan view of chine. The significant features which
are determined by the shape of the chine line 1n 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/Bp. Therefore,
it 1s 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 B, against hull length, as shown in Figure k.
Each of the chine lines in Figure % encloses the same area,
although the ratios L/Bp 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 k. First, the location of the point of
maximum chine breadth, as a percentage of hull length from the
transom, 1s apparent. Also, the ratios of maximum breadth
and of transom breadth to the mean breadth (Bp) 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:

1l. 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 chipe - This type 1s
exemplified by the British Vosper PT boat of World
War II.

4. Concgve at keel and convex at chine

All of the foregoing parameters of hmll form and hull
loading are incorporated in the Taylor Model Basin's design
data sheet for planing hoats, an example of which is shown
in Figure 5. Also included in Figure 5 are draft coefficlents
at bow and stern for each of the model test conditions. Drafts
at rest were measured up from the straight line which 1s
tangent to the mean buttock at the stern. The draft readings
were then converted to dimensionless coefficient form on the





is to compare the resistances of planing hulls by plotting the
ratio 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 c¢urves 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 VNWT 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/v'3 ), a given value of V//T does not
correspond to the same full scale speed for both designs. For
Model 2727, expanded to 100,000 1lbs. displacement, 40 knots
corresponds to a value of V//T = 3.93, while for Model 2742,
expanded to 100,000 1lbs. displacement, 40 knots corresponds to
a value of VA/L = 4.95. Therefore, plotting R/A agdinst
V/VL 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 Fpy . Here, the resistance curves are
shown in their correct relationship, and the order of super-
iority is the reverse of that shown in Figure 6. The value of
Fny = 3.5 corresponds to 40 knots for both designs at 100,000
1bs displacement. More generally, a particular value of Fpy
corresponds to the same full scale speed for both designs, for
the same displacement. .

A resistance comparison made by plotting R/A versus VAL
will be incorrect unless the length-displacement constant .
(L/V'3) is identical for both hulls, and an identity of L/v’3
will generally not. be the case. Confusion and error will also
result from using the speed coefficient v/A/gBx (which is some-
times used for planing boat analysis) to compare hulls of
different proportions, except when the ratio Bx/V/3(or A/wBx3)
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 2° initial trim by stern. The data for Model 2742 are from
the test at normal displacement and 0° initial trim. No correc-
tion for the difference in the frictional resistance coefficients
of model and full size boat has been made, since that seemed
unnecessary for the purpose of this illustration.





basis of the following reasoning:
Draft is proportional to -%}
Then, draft = (draft coefficient) x —¥f .

Therefore, draft coefficient (Cg) = draft x _%T'°

The draft coefficient defined in this way 1s 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 approximateiy
determined when draft coefficients are available from a pre=-
vious similar design. The two designs should be similar in
respect to A/V¥ , CG locatlon, and longltudinal curvature.
Differenhces in type of section and in plan form of chine should
cause only slight changes in the relative values of the draft
coefficients.

A PERFORMANCE CHARACTERISTICS

A performance characteristics sheet, which presents
model test results for planing hulls in a dimensionless form
sultable for comparlison 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 surface, to displacement, Ey means
of the dimensionless ratios v/\ gy% s R/A and /v
respectively.

Relating resistance to displacement as indicated here is
the wsual 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





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-
t}on%} to their respective values of the dimensionless guantity,
Sv 30 . ‘

In the planing condition, the wavemaking resistance of a
prismatic planing surface equals the product of the displacement
and the tangent of the angle of attack of the bottom (equals A
tan ¢« ). The planing area of the conventional Planing boat
generally closely resembles a prismatic planing surface, and
the angle oc 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 ,
displacement are in nearly the same natio as their respective values

of tan o . S

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

S

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 testsoof EMB
Series 50 (Reference 1). The original data, for O 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/V3vs L/By, 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 to show
the effect of area coefficient on resistance for a constant
value of L/By (which is about %.25 in this case). The resist-
ance curve corresponding to an area coefficient of 8.2 can be





seen to be superior to the resistance curve corresponding to
either the higher or the'lower value of area coefficient.

Resistance curves for all the O° initial trim tests of
EMB Series 50 were compared by groups of equal L/By, 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 X are plotted in Figure 10. This shows the effect_ of length-
beam ratio on resistance for a constant value of A/V 73 (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 Fpy = 2.3, while a relatively short wide hull gives lower
resistance at speeds above Fpy = 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
ICG location. The resistance data from both tests were corrected
to 100,000 1b displacement (@ 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, v * Compared in this manner the resist-
ance curves indicate %he relative resistance of two boats of
the same hull form, same displacement, and same center of gravity
location, but of different hull area. It can be seen that the
smaller boat with area coefficient (A/V’3) equal to %.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 frictienal
effect predominates, since the frictional resistance is approxi-
mately proportional to the wetted surface times the square of
the speed. Therefore, at high speed,, because of her smaller
wetted area, the sm=11 boat has the lower net resistance, in
spite of the fact that the trim angle curves indicate that she
has the higher wavemaking resistance.





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 highj 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 LCG 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 ICG 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
mode}s included one or more tests at "standard" conditions of .
A/V 7?7 and 1CG 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/ V3% ana 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 tes}s;of
planing boat models at the Taylor Model Basin are A/V°/3 = 7,
and ICG location at 6 per cent L aft of the centroid of A.
Where additional conditlions 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 (124 degrees for the Elco and 113
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 1lk4.
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 50 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 1b 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 O 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 amount 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 tanéént 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 5% 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 10° 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

facllitated.

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/Bp) can then be selected. /

In this connection, Figure 10 shows that a low ratio of-
L/By 1s 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/Bg,
Figure 8 can now be used to determine a good value for the area
coefficient, A/V?2 . From the indicated value of &/V?8 , and

the preliminary gross welght, the hull area A, can be calculated
as follows: -

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

2/3 /3

- A2
T 16
A x A2/3
va/3 18

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 ICG 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/By, and that a relatively
low speed boat would have a low average resistance with a high
value of area coefficient (light lcading), 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 wlde range of disvlacements,
calculate the resistance for the full-size design displacement
from each of the tests, and compare the results in a graph of
R/A versus The scale ratio between model and full sigze
boat will be gifferent for each model displacement, and can
readily be calculated as follows:

N = 1B

VAp 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 for'jhree 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 corTesponding
to the same full size displacement (100 000 1b). 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 and having a length, L = 58. O and a mean beam, Bg = 1l.h4',
will have the resistance given by curve A, If L = 63.1, and

By = 12,4%' the resistance will be that given by curve Bj and

if L = 70.6', and By = 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 Fnpy of 3.5 or less, then the best boat

of the three represented is thau correspoending to curve C.

If the top speed of the hoat correspunds to a value of Fpy

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 penaities in the low and
cruising speed rangese.

After selecting a value of A/V /3 ( entative, or otherwise), .
the next step in the envisioned design procedure is for the
designer to select suitable non-dimensional gurves defining the
“chine line in p2Pan 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-
cessy 1.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/Bp and A have been obtained the values
of L and By can be calculated as follows:

Since By =z A, then I? = A x L/Bg. From this L can be
L
calculated, and then, readily Bj (equals A/L).

The form characteristie curves of the design data sheets
are given in terms of L and B, 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/By
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 deésign pro-
¢edure 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/V?3 and ICG location
corresponding to those for the new design. Multiplying the
draft coefficient value by V/A glives 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. o

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:

,._59590 =R°v _ bhp , 550 =R, bhp
bhp * R T 550 “ehp | Ae v A ° ehp

Brake horsepower, weight and speed data for varlous types
of racing boats are given in Reference Lk, 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 1b boat at a speed of 25 knots. Then from Figure
20 the corresponding value of Fp_ is 3.6. Entering Figure 19 .
with this value we obtain a valug of R , bhp of 0.265. We then
obtain bhp as follows: A  ehp
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R _ bhp , * v
bhp = A ° ehp 0

bhp = 0.265 .rio-O_O—%—l-—'—é—ei - 102

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

e

. The data on German boats have been omitted, because of
tﬁg bad scatter. Data on stepped boats, and on unconventional
forms, have also been omitted. A line has been drawn through
the 1ntermediate region of the remaining points. This line 1s
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 17- Effect of Size of Hull on Resistance for
Constant Displacement (100,000 1b)..
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NOTATIOR

Symbolg
Projected area bounded by chines and transom, in
plan view
Breadth over chines at any point
Mean breadth over chines, A/L
Breadth over chines at transom
Maximum breadth over chines
Engine brake horsepower
Draft coefficient, aft; equals draft at OBL (measured
r;om tangent to mean buttock at stern) multiplied by
A/
Draft coefficlent, forward; equals draft at 100%L
{measured from tangent to mean buttock at stern)
multiplied by A/V '
Effective Horsepower

Froude number based on volume, in any consistent units
v//gvlh ’

Acceleration due to gravity

verall length of the area, A, méasured parallel to
baseline s

Longitudinal center of gravity location
Effective power, ft-lb/sec

Total resistance

Total model resistance, 1b

Wetted surface, area of

SW/FW Density ratio, salt water to fresh water






1ii

‘Speed

‘Speed, knrots

Density of water (weight per unit volume)

Intersection of chine with solid water, forward of
oL, ft

Wetted length of keel, forward of OFL, %

Intersection of chine with spray, forward of
0%L, £t

[

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

Dezdrise angle of hull bottom, deg
Displacement at rest, welght of

Trim angle of hull with respect to attltude as drawn,
deg

Displacement at rest, volume of
Subseripts

Model

Ship

Value at rest





I

R R S Tn s s ]

Lltinagtl bl L SRR R AR L L E s 1 [ e

ABSTRACT

Four exis*ing models of planing craft were retested at
the Taylor lModel Basin's "standard condition" for planing
boat models. The test results for each model are presented
in a design data sheet. The data are compared to shovw the
effects of differences in hull form. These comparisons are
independent of differences in hull loading, in ICG location,
or in size of boat. Auxiliary graphs are included to sssist
in making estimates of speed snd power for new designs.

INTRODUCTION

The Taylor Model Basin has accurmlated a number of models
of planing boats which were tested for smooth water performance
in previous years. In geéneral 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 hull forms and the test conditions wele unrslated.
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 nerit of different hull forms. When planing
boat data of the kind referred to above are compared, even in
dimensionless form, differences in performance due to diffecrcnces
in hull form are usually confused or obscured by two factors:

(a) By differences in hull loading end LCG location.

(b) By differences in size of voat to whicii the model
resistance is corrected.

Fortunately thiese kinds of differences can te elininated by
adopting the practice of testing each model at a standard condi-
tion of hull loading and LCG location, and correcting the resist-
ance data from eachn model to the same full size displacezent.
This has now been done for four of the models of planing boats
wiaich were on hand at the Model Basin, and tiae results are

glven in the present repori.
STANDARD TEST CONDITIONS

» Jti el € \-\‘ul 1 donm

The definltions of hull loading and of LCG location for the

vat need t¢ be selected with some care in crder to be

H
ant and useful. Hull losding 1s defined here as the
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ratlo A/v2/3 as proposed in Reference 1*. The sultability of
this coefficlent can probably best be shown by analogy of the
Planing boat to the alrplane., At high speed a planing boat's
chief support is not from buoyancy, but from that type of 1lift
which supports an airplane, i.e. éynamic 1ift. Accordingly
the important factors affecting %he 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 irmportant factors are
those influencing the performance of the planing bottom in
providing effective dynamle 1lift. And, as the projected wing
area is of fundamental importance in the case of the airplane,
S0 is the projected bottom area of fundamental impdértance 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 1ift. Thersefore in rough water, and especially
in a following sea, the magnitude and disposition of this aresa
assume very great Importance.

" Now in the case of the airplane a significant relationship
involving the wing area 1s the "wing loading", which is the ratio
of the gross weight to the projected wing srea. A somewhat
.8imilar relationship is significant for the planing boat. How-
ever, it is not appropriate to use the identical ratio in this
cass. 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 f£t2 and a gross weight of 8000
1b;, and also a geometrically similar boat 60 feet long and of
corresponding weighgéoorhe ratio j, or "bottom loading", for the

' A
30-ft boat is then 150 st 1b/ft2. Since the linear dimen-
slons of the large boat are twice thoge gf the small boat, the
bottom area of the large boat equals (2)= times the bottom area
of fhe small boat, eand 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: _

e 3
%7180 T og2 S 2 W5 = 89.0 1b/rt2

Evidently then, "bottom loading™ in 1b/ft2 1s a funetion of
absolute size and 1s therefore unsultable as a criterion of the

¥ References are 1listed on page 8,
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flrgiéﬁigﬁéﬁipﬂbétwéénagross;weight and bottom area for different
“sizesi6f:boats. ~In the example Just considered a suitable

'”wwcoefficignt;vould;have vielded identical valuves, since the

" changed from A/A to A2

‘Cnbéapsﬁwaréfgebmetrical}y'similar. If the relationship is

nge 3/A, the ratic 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 = 5.22 foreygth
boats. If the ratio is further altered from A2/3/A to V3/3/A4,
a dimensionless ratio is attained which has some physical sig-
nificance and which is not affected by differences in water
density (as betweeir a full size boat in salt water and the
corresponding model in fresh water). Inverting this we obtain
the area coefficient, A/y2/3, as proposed in Reference 1. The
“value of this area coefficient is 7.2 for both of the boats in
the present example. Tnis ratlio has a useful physical inter-
pretation; it indicates the ratio of the projected bottom area
of the Loat to the area of one side of a cube whose volune
equals the volume of water displaced at rest. '

Definition of ICG 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 which shows plan views of the
bottoms of two planing boat desigins. Design I has a narrow
transcm, witihh the centroid of the projzited bottom area and the
pocition of maximum breadth relatively far forward. Design IT
has a wide transom, with the centrolid of the projected bottom
area ard the position of maximunm treadth relatively far aft.
It seems evident that it would not be correct to consider that
these two deosigns have corresponding center of gravity lccations
sinply if the ICG's of the two designs are located at the same
percentage poirnts on the centerline lengths. This would be sone=
what the same as if an aerodynamicist were to treat nis longi-
tuvdinal C.G. location in terms of the centerline chord of the
wing, without regerd to the amount of sweepback of the wing.
The zerodynamicist, of course, does not do thisj; instead he
treats the LCG location in terms of the riman aserocdyr-ric caord
of the entire wing. A similar effect.is achievéd for planing
boats by DIkB'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
A/y2/3 and ICG location, the weights, hull areas and LCG
locations for a number of planing boat designs were evaluated
in Reference 1. From this evaluation, the standard condition
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selected for tests ?g Planing boat designs at the Model Basin
corresponds to A/vz = 7, and the LCG located at 6%L aft of
the centroid of the area A.

Four models were retested at this standard condition and
the results are given in this report in Figures 2 thr 9
In addition, Model 3592-1 (Figure 2) was tested at A 2 7,
with the ICG at 104L aft of 293 centroid of &, and Model 3722
(Figure 5) was tested at AAy = 8, with the LCG at 6%L aft
of the centrold of A.

DESIGR DATA SHEEIS

The test results for each model are presented in a design
data sheet, as proosed in Reference 1. The dimensionless speed
coefficient used is Froude'!s number based on volume of water
displaced at rest, referred to as Fpy. The effect of using
this speed coefficient is the same ab that of uging (K) . By
using Fpo, however, an unngcess cons JEhT, isTavoided
(Fpg = 7/ s whereas = v/ ).

P
Curves of the dimensionless power coefficient, wgl 2V7
are included in the performance characteristics section of each
design data sheet. The advantages ¢of using this power coeffi-
clent, and alsc the speed coefficient an, are clearly explained
in Re}erence 2.

The maln 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/A 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 pgﬁgose, hovever,
as will appear later. The curves of < and of S/9</3, fcr 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 1s desired to
estimate the speed of a 50,000 1b boat having an engine horsepower
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of 1200 bhp; the hull form and loading to be similar to that

for Mbdelr3é26,'which is shown in Figure:.3.. Since .the design
data sheet gives resistance and ehp data wlthout appendages it -
is first necessary to estimate the valile ci the:ratio of ehp -
without appendages to bhp with appendages. Far ‘the present.
example the value of this ratio would be about 0.5. . .Then, ehp-
(without appendages) = 0.5 °* bhp (with appendages)= 600. Then
from Figure 6, the value of the power coefficient, 10 P/wg1/2v7/6
is 3.8%, Now the curve of power coefficient in each of the
design data sheets was - necessarily calculated for-a.specific
full scale displecement. - As indicated the displacement .assumed
was 100,000 1b. Therefore Figure 7 has been prepared~to assist
in converting between power coefficilents at 100,000 .1b displace-
ment and power coefficients at otner values of displacement.
The proceduvre for the present example is:i-to-ehter the nhorizontal
scale of Figure 7 with the value of displacement (50,000 1b);
then, from this point extend a vertical line to the power .
‘coefficient value of 3.8% in the family of curved lines. From
tiis point extend a horizontal line to the scale at tne left
side of the grarn and here read off the value of power coeffic-
ient for 100,000 1b displacement (3.60 in this case).

- The family of curved linmes in Figure 7 indice . :onstant
values of the prowver coefficient for displacements ranging from
20,000 to 160,000 1b. The horizontal lines, together witih the
scale at the left of the graph, indicate corresponding constant
valics of the power coefficient for 100,000 1b displacerient.
Tne fect that the value of this dimensionless power coefficient
varies with displacenrent (i.e., with size of hoat), is caused,
of course, by the fact that the larger of two similar cozats
will nave a higher value of Reynolds' number than the smaller
noatv wicn the two are operating at corresponding spreeds: there-
fore the frictional resistance coefiicients, snd nence zlso
the values of power coeifficient, will be lower for the large
boat tuan for the small boat. In the present exanple the
magnitvde of the correction for difference in size is very

tine vaiuve of the power coefficient is onlv abhout 14

r 100,000 1b disglmcement than for 50,700 1b displace-
ent. At aigner speeds, and with greater differcnces in dis- -
rlacenent, the msgnitude of the correction can bhecome appreci-
able. Migure 7 shious for examgle that when the value of power
cocificient for 20,000 1b disrlaceinent. equals 8.2, tiie corres-
ponding value for 100,000 1b disglacenent is 7.7%, wailch is
5«6 less. .
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‘ The next step in estimating the speed for the 50,000 1lb,
1200 bhp boat is to enter the power coefficlent curve in Figure 3
with the value of 3.8. The corresponding value of Fpy 1s found
to be 3,04, BEntering Figure 8 with this value, at a displacement
of 50,000 1b, we obtain an estimated speed of 31 knots.

ESTIMATING 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 welght. BEither the curve
of R/A. or the curve of power coefficient can be used for this

calculation. The procedure is essentially the reverse of the
procbdu:e'iust indicated. ‘

¢ - COMPARISON OF RESISTANCES

: The curves of R/A (or of 10 P/wgl/2V7/6) in Figures 2, 3,

4 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 ccmparison 1s on the basis of
equal size (i.e., oqual area, A, and equal gross weight), equal
speed, and corresponding cen&er of gravity location. The re~

maining differences in resistance are caused by differences in
hull fora.

As discussed in Reference 1, the superiority of Model 3722
over Model 3720 can be attributeé to the much smaller amount of
twist in the hull bottom of Model 3722. It is evident from
Pigure 9 that Models 3626 and 3722 are the two designs which
are of the most interest: Model 3626 because it has the least
resistance at high speeds, and Model 3722 because it has the
lovest average resistance throughout the speed range. The
chief difference between the hull forms of Modals 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 cholce 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

1t is desirable to compare the performance of different hull

forms on the basis of equal length/beam ratio. This suggests
& graph like Figure 10, in which R/A is plotted against length/

besm ratio for several different valuss 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 1n the extreme bow portions, Models 3&26

and 3722 are very similar. The how portions are dry in smooth
water at all but very low speeds end thersefore 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 figure, However,
instead of depending entirely on the data from only two models,
additional data (not included hers) from other pairs of models
which were similar except for differences in length/beam ratio,
were used to gulde 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 thelr significance, than if they depended only

on the limited data shown.

The lines of Figure 10 illustrate the fact that for speeds

below Fpo * 2.5, planing boat resistance decreases with increasing

length/beam ratio. At higher speeds (up to Fpy equals. about 4.2)
the resistance increases with increasing length/beam ratio.

By means of Figure 10 it i1s 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 carn be plotted on Figure 10. Then at each
speed the vertical distance from the data point for ths 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
wlll be possible to see the effects on resistance of the other
hull form parameters.
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) DTMB MODEL 3592-1
I¥ PERFORMANCE CHARACTERISTICS
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MODEL DATA

BASIN HIOR SPEED BASIN

BASIN SIZF  2968'x21'x(10'and 16')
DATE OF TEST 23 728 55

WATER TEMP 667

APPENDAGES SPRAY STRIPS
TURBULENCE STIM.  rome

MODEL MATERIAL  WooD
MOOEL FINISH PAINT
TEST A TEST B

Ve | Ry T WLl WL, Wil [ Vg [ Ry [ WL | WL | Wiy

3.9 7.82 | 8,42 [ 4,92 3.98 | 7.30| 8.461 7.3 | 275 | .
4,9113,43 | 8,25 | 6,42 | 6.73 4,97] 12.23 | 8.42 6,9 | 7.42
5.8716.17 | 8,08 | 6,08 | 6,58 5,931 24,76 | 8.35| 6.62] 7,25
6.8817,79 | 7.92 | 5.88 | 6.58 6,93] 26.73 | 8,28 | 6.42 | 7.3
7.82)29.64 | 7.7% | 5.62 | 6.3 7,900 18.91] 8.25| 6.17 | 7.04
8,85 21,68 | 7,50 | 5,29 | 6,33 8.90| 21,37 6.08 | 5.83 | 6,88
9,84 23,29 | 7.32 | 4,93 | 630 | | +9.88] 23.57] 7,92 | 5.71 | 6.67
10.86 24.31 | 6,96 | 4,62 | 5.8 10,90] 2615 [ 7.67 | 5.33 | 6.46
11.84 265,43 | 6.75 | 4,82 | 571 11,87 26.93 [ 7.50 | 5.00| 6.29
12.82126,89 | 6.67 | 4,17 | 5.46 12,810 28.28| 7.35| 4.75 | 6.13
13,8427,9¢ | 6.58 | 4,00 | 5.38 13.85] 30,31 | 7,25 458 | 6.4
14,84] 29.45 | ¢.58 | 3.83 [ 5.2% 14,82 31.79{ 7,08 | 4,33 | 5,92 |
19,72 31,01 | 6.57 15.82| 33,59 | 7.08 | 4.17 | 5.83
16,74/ 32.80 | 6,54 | 3.54 | 5,12 16,76| 35,78 | 7.08 | 4,00 | 5,78
17,76/ 34,87 | 6.58 | 3,42 | 5.08 17.74| 38,14 | 7,08 | 3,87 | 5,75
| 18.7236.96 | 6.58 | 3,25 | 5.08 | [ 18.75] 40.59 [ 7.08 | 3.71 | 5.8
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 35%2-

'REMARKS: .

Relatively high ‘k_ntio and exceasive twist (indicated by rate of cha
m(_lnB) glve poor resistance cheracteristics at "V> 2.8, Relative
sections asscclated with narrow stern give low resistance at F‘V (2.

average resistance at 2.3<an (2.8

I TEST CONDITIONS

19 SrALE

TesT| A A A | L [MaxuM DRAFT COEFF.
: Tl S L B | Qe Tarr
AL o167.5 125,975 | 7,00 | 6,29 |eanana - 1;;%3’ * 14 0.30°N.062 |1.202
B | 1675 | 125,575 | 7,00 | 6.29 |memenone| 53T ® |- 006" [1.527 | 0,9%0
T FORM CHARACTERISTICS
P SRR
Y E : -&i ! | ]

H H | H
moE IS B o _Js'" 44\-
0 | !
! '
B = 5.65 | | CENTROID OF A T
B (LB 1 HESTAL B .

60} L/Byz 5:07 4—t — ==
" B,/B,® 0.821 | \ LT
T I T
» PR \ - MEAN BUTTOQ
] 5 \ R
I . e
0 10 2 3¢ 0 50 - ) % ‘
%L
L LINES
MODEL FULL SIZE -
As 13.536 4q. ft. A3 10964 g ft
L~ 8,742 ¢, L’ 78.68 ft,

Bat 2,548 1e,

Bur 22,93 fe,

IR _ -
g e =
Y YLLL L et i ! | .
- : ! | [
; =
| aeh. 1 ,,/"’
/P/’ : /
l 1+
_-.—a:-:u:_:‘f—:‘ﬂ —" |
B = s 7 L. i
3- k —
[ X L] - "

Figure 2 - Design Data Sheet for Model 3





PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

DTMB MODEL 3592-i

JUNE 1958

BOFT. PT 8

—— ’
‘L DATA REMARKS: _ |
PEZD BASIR i Relat.vely high sl:-nno and excessive twist (indicated by rate of change of
9608221 '2(10'and 16') angle B) give poor resistance cherscteristics st Pag) ,‘2.8. Relatively straight 1
T 2 v 5% o nogttom associated with narrow stern give low resistance at "V <2.3 and ?L - e
v average resistance at 2.3<Puv (2.8
SPRAY STRIPS
STM.  rome I TEST CONDITIONS
RtAL - WOOD TEsT| A A A | L [maxMum DRAFT COEFF.|¢%, 47| LCG
STABLE
H paTNE TS S i A T Q | Fwo. | aFT. [Ora] Pl
TEST B . A | 167.51125,575 | 7.00 | 6.29 |eweecca. 15}%;’ +0,30°[1,062 {1,292 [10.08L ] 138.3
2,1
; Vo | Ry | WLy | WL | WLl B | 167,5 (125,575 | 7.00 | 6.29 [meeven-n Sow |- 0.70" [1.527 | 0.9%0 | 6,081 | 2.3
1 [3.98 | 7.30]| 8.4 | 7,33 | 7.75
b | [ 4971 12,23 | B.42 | 6,96 | 7.42
) | | 5.93] 14,76 | 8.35 | 6,62 1 7,25 -II FORM CHARACTERISTICS
y 6.93| 16,73 | 8.20 | 6,42 | n3y :
— : T H
v | | 200 18.01] 8,25 617 yiu | . R A
| | _8s0| 21,37/ 8.08 | 5.83 | 6,88 ! 120 ‘!"E[ [ ~ |
y | le9.88] 23,971 7,92 | 572 | 6,67 Lo b A R |
- e e i
) | [ 20.90] 25,15 7.67 | 5.33 | 6.46 i : : : t i | [
l- 11,87| 26.%)| 7.90 | 5.c0 | 6.29 B &: : - I . céNTRQID dFA i ‘
C T L/By= 5.€5 : o LEeRIRMD VT AL
| [22.81] 28.28] 7,35 | 475 | 6.2 - ._,3‘,. 5.07 - AT d3%i
) | 1 23.85) 30,21 7,25 | 4,58 | 6,04 _{BY/B,' o831 | | \
f | [ 24.82] 31.79| 7,08 | 4,33 | 5.92 4oy 7 pa——
| [25.82] 33.59] 7.08 | ¢.17 | 5,83 20 et .
L | | 3676 35.78 | 7.08 | 4,04 | 5.75 | ] \
!__ 17,74 | 38,14 ] 7,08 1.87 5.7% ) - 10 "‘"_—_z‘o 30 ! 40 '50
| 18,75 [ 40.55| 7,08 | 3,71 | %.68 %L
II LINES | )
MODEL FULL SIZE
i A® 13,506 0q. ft. AN 1096.4 sq e
Le 8.7321e, - Ls 78.e8 1t
By® 1.548 ¢, B 13.93 e,
i Wit 6 amb
FIECEE I A I DAY SR T A B 1
————tte S bk e . p—y . e e BALA AT DALIIE M
g B s vl - "IN B ' T
— t "', TE‘__ i = f\}‘i ) \hl\\
e s [ ) —
; :{ | | o l ? ) L/ H! w,r’;/v/
! b M N e | eemssate. s el e
; W e J | ey T e L
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Figure 2 - Design Data Sheet for Model 3592-%
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DTMB MODBL 3626

I¥ PERFORMANCE CHARACTERISTICS
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955
DTMB MODEL 3626 gz SCALE 70

REMARKS:
| MODEL DATA
BASIN HIGH SPERD BASIN Average !L ratio and narrow transom give low resistance characteristics at 2.3
‘ : F . Relativel
: ' ) BASIN SIZE 2968'x2i'x(10'and 16') < :vii: .§ and :Va:uu r:nisnne:lcmuctorini:n‘u !nvh> 3: 1 niu v: y
- . 1 t
! DATE OF TEST 6 ocT 5t R : ra ‘(2 buttocks forward give only lV!l'rlll resistance characteristics a
WATER TEMP 73°P Ry (23
APPENDAGES SPRAY STRIPS . T
TURBULENCE STIM, NOMR ) I TEST CONDITIONS .
MODEL MATERIAL  wooD . Test| A A A L {mnm ORAFT COEFF. | SO AFT[
i - T STABLE == | O
, MOOEL FINISH . -mimr . ) No.| v e | 9| v T, CZ. FWD. | aFT TR0
) TEST MO, ’ L o
S RTINS Mo ’ — ¥ 2. 08,0] 61,900 | 844 | 6.98] woemee [PeREarTis 1,089 —
S / QR: Wy ‘:’Lc Wiy 8| 98.9] e9,000| 9.75| 2.00] -ceee 1;%%;,.‘ +1.08%
.26 | §.82 50| 6.90! -7.60 . = j N -
LT T ;"zi 12568 ;:5 : e: ;zr 8 ' o [ 108 ] 95,000 | 738 3] ceeeme [Pitge’|s 1,080 ”
e A I ' 129.6 [ 83,850 | 7,60 5.99| ev-nnn 0.2 sl 40,00 1,133 |1, )
6.40 |13.33 | 7.40] 5.70] 6.80 3 +85 sfiax *l 133 1070 (6,08
9.48 [14,98 | 7.30] %.20| 6.2 i L
a.:; 1::: Z;ﬁ 4.80 ::: II FORM CHARACTERISTICS
9,60 |17, 901 4.40] 5, — T — S
10,70 |18.79 | 6.70| 4.10] 4,80 SO L L T ‘ co T P!
y . 120~ - PO SR S IR DR
11,76 [19.92 | 6.65| 3,90 4.60 S 11—1/1/‘_},4&—/ ’;“\\,
12.82 [20.86 | 6.60| 2.70| 4,40 200 e N il
13.95 (22,39 | 6.80( 3.55| 4.3 L R ' R )
80t . B b ?
15.06 | 26,14 | 6.651 3.40 [ 4,25 ) _a_% r’ . . '. . B." i :
16,08 | 26,04 | “ 6.65]| 3,251 4.20 Ba g L/B.' 513 - ’ /JJT
17.36 [28.30 | 6.70] 3.20| 4.2§ : LB a ci’.‘r“f'oo:“r—\ I /J/ P
. o— B/Bym0.639 9:0%1 e ;
18,22 30,64 | 6,751 3,05 | 4.25 e AN ——— 5
- . 20— DI R o N |, MEAN sur‘rocx
— : | 7
i 3
o 10 e 30 40 %o - &0 ) g0
R ) ! 7 %L
WS . ’ . ) " T LINES
: ’ MODEL FUI.I. Si2E )
Az 11,415 gq, v, AA' 824.7 gq, 1t
Le 7.689¢¢, JLs escage,
L By loegare, - Byn 22,684,
. - . .- Al N — P . ,l .
N o N S e : '
weerL Wi v MRy -
? LA B B N TN R Y ) : ? [ §
“h tm
- D eyl TS 8
o T ¢
ot ¥
I 7' - - - -‘—-- - o rose T
5 . _® . . 2 ® » - 2.
F‘ipure 3 =~ Design Data Sheet for Model 3
l
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MODEL DATA

ASIN HIOH SPBED BASIX
SIN SIZE 2968'x21'2(10'ana 16)
ATE OF TEST 6 ocT 54
ATER TEMR 73°#
LirPENDAGES SPRAY STRIPR
TURBULENCE STiM NORR

4,26 | 8,82 | 7,50] 6.90) -7.60
534 |11,68. 1 7.45| 6,200 7,25
6,40 113,33 | 7.40] 5.70] sig0
748 |14,98 | 7,30] 5.20| 6.20 .
8,54 16,67 | 7.10] 4.80| 5.%
9,60 [17.58 | 6.90| 4.40] s5.10
0,70 [18.79 6,701 4,10| 4.80
11,76 119,92 | 6,65| 3.90] 4.60
2.82 20,88 6,60 3.70]| 4.40
23,95 |22.39 | 6.60] 3.55| 4.35
Bso6 (24,04 | 6.65] 3.00] 4,25
D08 (26,00 | 6.65] 3.25] s.20
B116 28,30 | 6.d0| 3,200 w28
f8.22 (30.68 | 6.75] 3.085| 6,29

MOBEL  SALE N uCeES

[ETPURRIES SO,

0DEL MATERIAL ~ WooD - -

0DEL FINISH PAIND

BT Nos § . .

B | Ry [ WL [ W] Wil -

0-)’1!0'!!5:

B mervan s

PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 3626

REMARKS:

73 SCALE

Average ‘L_ ratio and narfow transom give low resistance chlnctcrinic: at 2,3

(g <3 5 and average resistance characteristics at Fag) 3.5, Relatively -

straight bustocks forward give only average reshnnee ehanetuuuel at

Frg 2.3, .

I TEST CONDITIONS

TOFT. ELCO PT BOAT

oY

B - CB AFT
TEST| 3 A A ":#L‘:E’é 7 DRAFT COEFF. | % 7| LCG
o pt | pt | 92 '%’" Fu -C“ Q, | Fup Tarr. [0] 7L
L2 esol a, 900 | 844 6.58] aauee A
3 | 78,91 49,000 | 9,75 9,07 o lr1.08%
w1 s | 120.8 ’ 75,000 | .38 | 6.3] cveece | gy +1,98%
(5| 129.6| 0,8507| 7.06| 5.99] we--es |%ZEn"| +0.06°] 2,133 |1.270 6:081| 43,0
II FORM CHARACTERISTICS .
T T T 1
1201 . ;
. : : _ i == =3 !
Iy I N S l,,%f—*”“" N~
Bc!r;"/r/ ! . B . ot
_||./B.= 503 L | B P
[‘ PL/By® 4.0 CENTROID OF A . 4
4()»———l B+/Byr0.635 JI AT 49.0%L [\ . T L =1/
1 . o S_.——H' . .
N MRS N M e ey % : MEAN BUTTOCK! A~
) SeaE R P N X~ =T ;’/V"
) 16 20 . .30« - R i —%y - ,’:'661.’*,?‘o:;;"-'».:‘““v“ 90‘-
_ i %L
IT LINES . -
MODEL - FULL SIZE- _
As 11,415 5q, 20, A 82673 44, £t " u
Le 7.649 ¢, Ls 65.¢2 ¢,
Byr Me4927t. Byr 12681,

L m——t— 1 Yy
. o H e
;
E .
: B S e e
o i Lr , e — B i
o - — = = -
s _““'j!_‘-—-—r, — e -1 A !
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DTMB MODEL 3720

PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

1% SCALE 79 FT. HIG

REMARKS:

Relatively high _L_ ratlo, excessive twist ( indicated ty rate of change of]
/’1) and pronounced concave sectiuns glve average resistance charscteristics

ut l‘n.7 <2 and poor resistance characterlistics at Fn N 2,

I TEST CONDITIONS
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

: JUNE 1955
 DTMB MODEL 3720 - 15 SCALE .79 FT. HIGGINS PT BOAT

REMARKS.

Relatively high EJ" ratio, excessive twist ( indicated by rate of change of angle
A7 .
P ) and proncunced concave sections give average resistance characteristics

at tng (2 and poof resistance characterisiics at Fny;)> 2,

I TEST CONDITIONS
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PLANING BOAT DESIGN DATA SHEET
e DAVID W, TAYLOR MODEL BASIN

JUNE 1988
DTMB MODEL 3722 19 SCALE R

e o ettt et -2

REMARKS:

Relatively high l“" ratio and narrow transca give low reststance chara
‘ at fag 3. Average resistance charscteristics st l‘nv> 3.
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

- JUNE 1988
DTME MODEL 3722 1 SCALE 80 FT. ELCO PT BOAT

q
REMARKS: :
4
Relatively high ‘lt- Tatio and narrow transom give low resistance chareoteristics "j
st Mg (3. Average restetance.charecteristics n-hv> 3. fﬁ?
5
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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 determine resistance, trim
angle, wetted lengths and wetted surface. In mose
cases cach of these models was considered o repre-
sent a particular full-scale boat, and the data
obtained were presented 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 designer
needs to have the information on the previous designs
in suitable form. The purpose of this report is
mainly to indicate appropriate methods of present-
ing and utilizing the accumulated information on
hull forms and model test results for planing boats
to guide the design of future boats.

- In this reporc the important planing hull para-
‘meters are defined and a convenient method of
‘combining them in a hullform characteristics sheet
shown. A plan for presenting model test results
in'a dimensionless form suitable for comparison and
analysis is nexe given. The hull-form characteristics
and model test results are ac present being incor-
porated in a Taylor Model Basin design data sheet,
an example of which is given. The effects on per-
formance of variations in some of the primary
parameters are then illustrated and discussed. Also,
Methods are proposed for improving the usefulness
of future model tests for purposes of compatison
/and analysis. Finally, a step by step design method
3 proposed, and data are presented which it is
believed will assisc the designer in making design
decisions quickly and with assurance of correctness.

Hull Eorm and Hull Loading Parameters

““The primary parameters affecting the perform-
ance of planing hulls, in the approximate order of
"eir importance, are as follows:

,‘iﬁ Ratio of Imgl/a o beam. This important ratio is
lefined here as the ratio of the lengch L, of the hull
g:f‘m'fl, to the mean breadth B, of the chines (see
Notation, p. 253). The chief reason for defining the
8th of a planing hull in this way is so thac only

€ Yalue of the length dimension will be assigned
€2ch set. of lines, If the length dimension is de-
as the length of the load watecline, then 2

given set of lines could conceivably have various
lengths assigned to it at different times, depending
upon the particular displacement and cener of
gravity location of each instance.

b. Size-displacement, or area, coefficient. The re-
lationship 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 7/ is
the volume of water displaced ac rest. Since this
coefficient is dimensionless it yields the same value
for geometrically similar boats of different size but
of corresponding loading. It also yields the same
value for two boats which have differenc lengch-
beam ratios but the same area, A, and the same dis-
placement. If two designs having different ratios
of length to beam are compared on the basis of equal
values of A/\/* 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.

Te 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 re-
lationship of planing boats. The well known dis-
placement-length ratio, /A/(L/100)% and the load
coefficient, /\/wB.3, are the ones most commonly
employed.  The unsatisfactory result of using
A/(L/100)? as the size-displacement criterion may
best be illustrated by an example. Suppose that two
sets of lines, A and B, are under consideration for
a boat of given displacement, and that design A has
a higher ratio of lengch to beam than design B.
Comparison 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 displacement.
Compared in this manner, however, design B has
more beam, more hull area, and (assuming the same
depth of hull and similar construction) more hull
volume and more hull scructural weight than design
A. These differences will clearly preclude a valid
comparison. A similar confusion would result if the
two designs were compared on the basis of equal
A/wB2.

c. Longitudinal CG location. It is considered ap-
propriate to define longitudinal CG location as the
distance of the CG from the centroid of the area, A,
expressed as a percentage of the lengch L.

d. Deadrise- Deadrise angle of cthe hull bottom
generally varies from a large angle near the bow to
an angle of a few degrees at the transom. The

#0009





Fig. 1. Typicel Ploning Boat Body Piax wich Straight Line
At i See

variation of this important angle throughout the
length of the boat can be indicated by approxim-
ating each section of the body plan by a straight
line (sce Fig. 1) and then plotting a curve of dead-
vise Variation versus boat length. Examples of this
curve, for three different designs, are shown in
Fig. 2. The variation of deadrise angle with boat
length generally gives very nearly a straight line
for the after half of the hull length.

¢. Longitudinal carvature. The longitudinal cur-
vature of the hull bottom is shawn by the shape of
the buttock lines, For purposes of comparison and
analysis it is desirable to define an average, or mean,
buttock. This can be conveniently done by inter-
secting the straight line approximations to the body
plan sections by a buttock plane spaced at B, /4
from the centerline plane, as shown in Fig. 1.
Examples of the mean buttock curves obtained by
this method are shown in dimensionless form in
Tig. 3a. The mean buttock lines shown in Fig. 3a

reflect the general practice to have straight buttock
lines in the afier portion of planing hull bozoms.
Buttock lines are generally straight for at least the

B2 Cwr

5 of Dewdrise Anhe 13 Bost Lengsh for Three
PT Boats of Warid War 11

after 30 per cent. of the hull length. Tt is difficuls
to make further comparisons of the buttock lines
hey appear in Fig. 3a, since cheir attitudes, and
their heights from the horizontal axis, reflect the

* arbitrary attitudes and heights above the bascline at

which the corresponding lines were originally drawn,
Comparison_and analysis can be facilitated, chere.
fore, by shifting each mean buttock curve so thar
its after end is tangent to the horizontal axis of the
graph. The mean buttock lines of Fig. 3a, after being
shifted in this manner, are shown in Fig. 3b. In the
presentation of model test sesults in this report the
angle of artack, or running trim of 2 hull is defined
as the angle which the tangent to the mean buttock
ac the stern makes with the horizontal. This angle
i designared a,

Fir. 5. Mran Buttock Cavves for Thvee PT Doats of World War 1T

[ 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 distribution of breadth and of
bottom area. Length/beam ratio has already been
adequately defined as the ratio L/B.;. Therefore, it
is desirable o 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 By
inst hull length, as shown in Fig. 4. Each of the
chine lines in Fig. 4 encloses the same area, 2lthough
the ratios LB, 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 Fi. 4. First, the location
of the point of maximum chine breadth, as a per-
centage of hull length from the transom, is appa-
rent. Also, the ratios of maximum breadth and of
transom breadth to the mean breadth (B) can be
read directly from the scale of the ordinate. An
importane criterion of the fore-and-aft distribution
of the plan-view bottom: area {area A) is che loca
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Chine Offscts i Plan View, e Thees DT fouts of
Workd War It

tion of ¢he centroid of this area, This dimension is
given in Fig. 4, for the differenc designs.

g Type of section, Planing boat sections generally

fall into one of the following four categorics:

1. Concave. An example of this type of section
is shown in Fig, 1.

2. Comvex. The usc of developable surfaces will
generally result in this type of section
5. Convex at keel and concave at chine. This

type is exemplified by cthe British Vosper PT
boat of World War I1.

4. Concave at keel and convex ut chine.

Alf of the foregoing parameters of hull form and
hull loading ure incorporated in the Taylor Model
Basin's design dara sheet for planing boats, an
example of which is shown in Fig. 5. Also included
in Fig. 5 are drafc coefficients ac bow and stern for
cach of the model test conditions, Drafts at rest
were measured up from the straight line which is
tangent <o the mean buttock at che scern. The draft
readings were then converted to dimensionless
eoctficient form on the busis of the following
rezsoning:

Draft s proportional to -

Then, drafc = (draft coefficient) . =
. . A
Thezefore, draft coefficient (Cy) = drafc . T
The drafe cocfficient defined in this way is in-
dependent of differences in absolute size and of

differences in length /beam ratio. Also, by measuring
the draft from the tangent to the mean buttock,
his draft coefficient is made relatively independent
>f differences in deadrise angle. Accordingly, the
draft coefficients for a new design can be approx-
mately determined when drafc coefficients are
wailable from a previous similar design. The two

designs should be si 7, CG
location, and lengizudin Diffecences in
type of section and in phn form of chine should
cause only slight changes in the relative values of
the deaft coefficicnts.

ailac in re o A

cury

Performunce Characteristics

A performance characteristics sheet, which pre-
sents model test results for planing hulls in a di
onless form suitable for comparison and
is included in the design data sheet shown
in Fig. 5. Also included in the design data sheet are
the hull lines and other pertinent dimensions and
coefficients, It is che incention of the Taylor Model
Basin to prepare such a design data sheet for each
planing hufl model tested in the future, and also for
a selected number of those models previously tested.

Since displacement is 1 fundamental design
quantity it is desirable to compare hull forms on
the basis of equal displacement. This is facilicated
in the performance characteristics sheet shown in
Fig. 5 by relating each of the variables, speed,
resistance and wetted surface, to displacement, by

ss ratios v/ VgV, R[S

means of the dimensi
and §/77*, respectively.

Relating resistance to displacement as indicaced
here s the usual practice in this countey in dealing
with planing boats. Unfortunately, however, it is
fot general practice to relate planing boat speed to
displacement. The general pracice is to compare
he resistances of planing hulls by plotting che ratio
of resistance to displacement against speed-lengch

ratio (V/ VL), This mechod often gives an incorrect
comparison, 15 shown by the following example.
Suppose that 2 100,000 Ib., 40 knot boat is required.
In Fig. 6 the resistance curves for two models
having different values of lengeh-displacement
constane (/") are plotced in the usual man-
ner.') Fig. 6 gives che impression that a boar based
on Mode! 2727 would have higher resistance than a
boat based on Model 2742. Such is noc the case,
however, because the use of V/VL as abscissa does
not bring the actual Full scale speeds into corres
pondence. Thar is, since the models have different

values of length-displacement constane (L7,

a given value of V/ VT does not correspond to the
same full scale speed for both designs. For Model
2727, expanded to 100,000 lbs. displacement, 40
kaots
while

corresponds to a value of V/VL = 3.93,
for Model 2742, expanded to 100,000 Ibs.

sre cakee foom che ovisinal dcs for Refereace 1
2727 are fram che tese at
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of Tio Mol frour EMB Sures 50, Compired

by the Methos 1 Gene.

displacement, 40 knots corresponds o a value of
V/¥L = 4.95. Therefore, plotting R
V/vL amounts, in this case, to comparing che re-
sistances of the two designs at entirely differenc
speeds, What is required is a plot of R, /s versus a
coefficient which will bring the full scale speeds
into aligament. The speed coefficient F,, is correct
for the purpos derived from the sig-
nificant quantities of the design problem, i.c.: speed
and displacement. In Fig. 7, the data from Fig. 6
have been replotted on an abscissa of P,y . Here,
the resistance curves are shown in their correct re-
lationship, and the order of superiority is the reverse
of that shown in Fig. 6. The value of F,, = 3.5
corresponds o 40 knots for both designs ac 100,000
bs. displacement. More generally, a particular value
of Fuy corresponds to the same full scale speed for
both designs, for the same displacement.

A resistance comparison made by plotring R.//\

A against

versus V/VE will be incorrect unless the lengch-
displacement constant (L,/%7"*) is idencical for both

8 7. Resttances of Tuwo Molele from EMB Sevies 50, Compared
by « Correct Methud

ad an identity of L T ot

will geacrally
Confusion and error will at

hull
[

o result

he case.

from using the speed cocfficient ¢ /\§B, {which is
sometimes used for planing boat analysis) fo com-
pare hulls of different proportions, except when the
catio B,”T' (or /n/wB?) is the same for both
boats.

Wetted surface and trim angle are included in
the performance 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 proportional
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 differ-
ent designs are proportional to their respective
values of the dimensionless quanticy, S/

In the planing condition, the wavemaking resist-
ance of a prismatic planing surface equals the pro-
duct of the displacement and the cangent of the
angle of attack of the bottom (equals A tan «).
The planing area of the conventional planing boat
generally closely resembles a prismatic planing sur-
face, and the angle @ of the present paper is defined
in such a way as to represenc approximately the
effective angle of attack of the planing area. There-
fore, the wavemaking resistances of two designs
which are being compared on the basis of equal
displacement are in nearly the same ratio as their

respective values of tan .

Effects on Performance of Changes in Area Cocf-
ficients, Length-beam Ratio and LCG Location

An aggregate of dara suitable for analyzing the
eifects 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 daca, for 0° initial tim only, was used for
the present analysis. The procedures used for vary-
ing the model loading and proportions in this seriss,
and for presenting the resistance data in Referance |
are the same as those used by Taylor for his stan-
dard series of ship forms. The form in which the
data are available will be found disappointing by
anyone who attempts o use them for determining
che effects of the significanc planing hull para-
metess on resistance, and a new approach, therefore,
scems desirable.

When each of the tests of EMB Series YO is re-
presented by an x on a grid of A,/ us L/By, the
cesult is as shown in Fig. 8. It can be seen Lh.\L the
tests fall into groups corresponding to substantially
constant values of L/B. Three resistance curves
from group D are plotted in Fig. 9 to show the
effect of area coetficient on resistance for a con-
stanc value of L/B, (which is about 4.25 in this
case). The resistance curve corresponding to an

Y1 3%
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Fis. & tion of Arca Corfficient for Optimum Resistance with
Length/Beow Rativ, from the Dota of the EMB Sevies 50

area coefficient of 8.2 can be scen to be superior to
the resistance curve corresponding to cither the
higher or the lower value of area coefficient.
Resistance curves for all the 0° initial trim tests
of EMB Series 50 were compared by groups of
equal L/By, and for each value of L/By it was
possible to distinguish an optimum resistance curve
corresponding to a particular value of area cocffi-
cient. In Fig. 8, the area coefficient for optimum
resistance for cach of the values of Jength-beam
ratio is indicated by a circle around the ;i

Fig. 10. Effect of Longsh/Beam Rotio on Resistance, with Coustant-
Area Coufficient

lower resistance at speeds below Fy, = 2.3, while a
relatively short wide hull gives lower resistance at
speeds above F,, = 2.3,

Additional data showing the effects of a change
in area coefficient on the performance of a planing
hull are shown in Fig. 11. These data were ob-
tained from tests of the same model at twc
different displacements but approximately the

x. It can be seen that the variation of optimum area
coefficient with length-beam ratio can be represent-
ed with reasonable accuracy by a single straight line.

Resistance curves for the three tests of Fig, §
indicated by ¥ are plotted in Fig. 10. This shows the
effect of length-beam ratio on resistance for a
constant value of A/V* (about 8.6). It can be
seen that the high specd resistance decreases mar-
kedly with decrease of length-beam ratio, but that
chis is accompanied by some increase in Jow speed
sesistance. Or, looked at in a different fashion, Fig.
10 shows that a relatively long slender hull gives

Tk, 9. Effect of Ava Corfficient on Resistance. with Coustont
Length/Bcam Ratio

¥k 1. Bffects i the Dosformmanee of o Typicsl Dlasing Bost Fall
Vo, of o Variation i Aves Cotffisons
4
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same LCG location. The resistance data from both
cests were corrected to 100,000 Ib. displacement
(a convenient average value for boats of the PT and
AVR types) and are plotced in Fig. 11 in the form
of R/A versus Fy, . Compared in this manner the
resistance curves indicate the relative resistance of
two boats of che same hull form, same 1

and same center of gravity location, but of differ-
ent hull area. It can be seen that the smaller boat
with area coefficient (A7) equal to 4.93, has a
high resistance hump. This is evidently caused
mainly by wavemaking resistance since it corres-
ponds to a similar hump in the trim angle curve.
Ac the hump speed the lower wetted surface of the
smaller boat apparently is of relatively liccle offect
in reducing resistance. Ac high speed the frictional
effect predominates, since the frictional resistance
is approximately proportional to the wetred surface
times the square of the speed. Therefore, at high
speed, because of her smaller wetted area, the small
boat has the lower net resistance, in spite of the fact
that the trim angle curves indicate that she has the
higher wavemaking resistance.

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, resistance at
cruising speed would be highs and, finally, the high
trim hngle would aggravate pounding in waves.

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

Standard Model Test Conditions

It was shown in the previous section thac changes
in the area coefficient and in LCG location have
large cffects on the performance of planing boats.
Therefore, in order to show the effects of other
variables on performance, it is desirable in any com-
parison 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** and LCG loca-
tion. Future designs could then be readily compared
without incerpolation, without the necessity of
searching for test conditions that happened to be

+ Typical Planing Bost of o
Locetion

Fig. 12

Effects on the Performance o
Variation in LCG.

similar, and wichout having significant performance
differences unnecessarily obscured 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 prac-
tical and desirable region of planing boat design

Fig. 13 shows the values of A/V* and LCG
location (with respect co 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) occuss.
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
aceurately the after limic of the practical range of
center of gravity location. Each of these points is
indicated by a diamond with a cail.

The standard test conditions decided upon for
tests of planing boat models a the Taylor Model
Basin ace A/%/* = 7, and LCG location at 6 per
cent. L afc of the centroid of A. Where additional
conditions are desired it is planned to select them
from among the conditions indicated by the solid
circl ig. 13. =

cles of Fig. 13 0015
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Avea Cocficients and LCG Locations Corresponding to
Model Tests of Typical PT and Ancraft Rescuc Boots

Tie. 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 I Elco and Hig-
gins P designs. Fig. 2 shows that the deadrise of the
Elco design increascs 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 (o 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 de-
signs (average of deadrise at mid-length and
transom) are practically the same (121 degrees for
the Elco and 11% degrees for the Higgins design).
Figs. 3b and 4 indicate that the two designs are
fairly similar with respect to mean buttock curva-

boat having a high average deadrise angle. The
range of deadrise angles covered by the tests of EMB
Series 50 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. Fig. 15
shows the performance predicted from such data
for a 100,000 Ib. boat, of typical dimensions, for
deadrise angles of 0, 10 and 20 degrees. These per-
formance curves were calculated from the data of
Reference 2. It can be seen that an increase in dead-
rise 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 amount of the increase in R //\
caused by increased wavemaking resistance 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 increase in trim angle of 1 degree corres-
ponds to an increase in the tangent of approximately
0.018. Evidently then, of the increase in R//\ of
0.040, approximately 45 per cent. (0.018) can be
ateributed to increased wavemaking resistance and

ture and shape of chine in plan view. Perf
of the two designs, from model tests, are compared
in Fig. 14. The resistance of the Higgins design is
appreciably higher than the resistance of the Elco
design, and the difference is considered 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
ormance, throughout the speed range, with a

Fig. 19, Effocts ou Dlaniny Boat Perforiman e

f Diffesont Awonnis
Tuint in the B w

#0016 -






Vis, 15, Effects on Planing Performunce of Variation in the Deadrise
Angle of the Hull Bottom, from Planing Surface Dote

the remaining 5 per cent. to increased frictional
resistance,

In spite of the fact that a flat planing surface has
s resistapce than one with deadrise, in practice a
deadrise angle at the transom of at least 10° is
desirable in order to give a boat good dircctional
«tability, and in order that it will have the desirable
characteristic of banking inboard on turns.

Model data are not readily available to show the
“ifects on resistance of longitudinal curvature, plan
furm 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

sort have been introduced with the intent that
they should be useful for design purposes. Accord-
ingly, in this section, a design procedure utilizing
these coefficients and parameters will be outlined.
This report does not attempt to present a complete
gn procedure. It would be necessary to include
+ considerable amount of additional information to

mplish that, Among the information necded

would be data on weights, engine particulars and
propeller characteristics, all reduced to conveniently
usable form.

Tentatively, then, it is considered that an effect-
ive design procedure would be to proceed some-
what 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/By) can then be selected.

In this connection, Fig. 10 shows that a low ratio
of L/Bs is an attractive prospect with respect to
high speed resistance, Experience indicates, however,
that a low length-beam ratio can be urilized only
for sheltered water boats, and that for seaworthiness
a relatively high value is necessary. Thus, for sccpless
run-abouts the length-beam ratio is about 3.6,
hile for the motor torpedo boats of World War II
the ratio s about 5.6. A logical design procedure,
then, is to select the length-beam ratio of @ new
design from the proportions of previous successful
boats of the same cype. Fig. 16 has been prepared
for this purpose. Having selected a vahue of L/By,
Fig. 8 can now be used o determine a good value
for the area coefficient, A/ V", From the indicated
value of A/\/*, and the preliminary gross weight,
che hull area A, can be calculated as follow

=L then, since w = 64 1o/£6 for sea water,

Al

“This value should be compared with the required
hull area as indicated by the preliminary arrange-
‘ment plan.

Several considerations are involved in the decision
25 to the choice (or compromise) between the hull
area indicated by the preliminary arrangement plan
and the hull area indicated by the area cocfficient,
A/\/%. Tf the arrangement plan area is very much
less than the area indicated by Fig. 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
Fig. §, then the arrangement plan area will give 3
lightly loaded hull. It should be pointed out that the
“optimum” line of Fig. 8, from the nature of the
development is of limited significance. Only onc
type of hull lines and one 1.CG location arc repre-
sented in this graph. Furthermore, Figs. 9 and 11
show that the optimum value of area coefficient
(value for minimum average resistance) is a func-
Gon of top speed as well as L/B, and that a rela-
Gvely Jow speed boar would have a low average

ann A4
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Displacement at rest, chousand of pounds

Fig. 16, Vaviation of Length/Beam Ratio with Displacement

resistance with 2 high value of area coefficient
(light loading), while a high specd boat would have
low average resistance with a more economi
arrangement plan and a low value of area coe
cient (heavy loading). Accordingly it would be
desirable to recheck the hull size sclected, 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 would be to
test a model over a wide range of displacements,
calculate the resistance for the full-size design dis-
placement from each of the tests, and compare the
results in a graph of R//\ versus F,, . The scale
ratio between model and full size boat will be dif-
ferent for each model displacement, and can readily
be calculated as follows:
5

\/Ks;ﬁw

2=

For an accurate analysis the data should be cor-
rected for the difference between the frictional
resistance coefficients of model and of full-size boat.
The method of making this correction for planing
hulls is given in Reference 3. Fig. 17 shows the
results of a model test calculated and plotted in the
proposed manner. The model tested was a planing

hull of normal form, and the tests were originall
made to determine the resistance of a given size o
hull for three different full-size displacements. Fo
the present purpose, however, the three tests ar
considered to represent tests of a particular set o
lines at three different scale ratios, each test corres.
ponding to the ssme full size displacement (100,000
1b). Considered in this fashion, the following inter-

1 Resstanse for Constarnt
C10a0n fiy
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pretation may be put upon the data shown in Fig.
17: A 100,000 Ib boat built to the lines tested and
having a length L = 58.0' and 2 mean beam
By = 11.4', will have :he resistance given by curve
A I L = 631", and By = 12.4 the resistance will
e that given by curve B; and if L = 70.6 and
B = 13.9', the resistance will be that given by
curve C. Tt is clear from this figure that if the
anticipated top speed of the boat under consider-
ation corresponds o a value of F,, 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
hoat corresponds to a value of F,; of 4.0 or greater,
then a reduction in top speed resistance would re-
<ule from selecting boat dimensions corresponding
- curves A or B, instead of those corresponding to
curve C; the curves also show, however, that this
lection would be accompanied by substantial re-
sistance penalties in the low and cruising speed
ranges.

After selecting a value of A/7" (tentative, or
otherwise), the next step in the envisioned design
srocedure is for the designer to select suitable non-
“imensional curves defining the chine line in plan

iew, the deadrise variation, and the longitudinal
curvature of the mean buttock. These curves are
shown, for the particular boats, in cach of the
Taylor Model Basin’s design data sheets. It is anti-
cipated 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 process, i.e. with the idea that the designer
should be able to use the form characteristics select-
ed to construct the hull lines for a new design. Some
suidance from a previous design as to section shape
will also be needed.

‘When the values of LB, and A have been ob-
sined the values of L and B, can be calculated as
“ollows:

Since By =71 then 1> = A . LB, From this

I can be calculated, and then, readily By (equals
A'L).

The form characteristic curves of the design data
sheets are given in terms of L and By, so that
when the values of these two dimensions have been
determined, and che form characteristic curves for
the new design have been selected, the new body
plan, and subsequently the complete lines can be
constructed. A deseription of the method of con-
“tructing one section will indicate the essential
features of the process. The process of constructing

wcction at 70 per cent. of L forward of the stern

indicated in Fig. 15, The centerline is drawn and

Tig. 13,

Constructing & Body Plon Section e 70 % L

then a horizontal line representing that waterline
plane which is tangent to the mean buttock ac the
stern. This plane is the primary horizontal reference
plane in the proposed design process. A vertical line
indicating the butock planc at B4 outboard of
the centerline is then drawn, and 2 baseline is drawn
at any convenient location. Then, from the selected
mean burtock 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, measur-
ing 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/B; for the 70 per cent.
point can be determined, and multiplying this by
B, and dividing by 2 gives the half breadth of the
chine at 70 per cent. L. This dimension js then
indicated on the drawing. The type of section
sclected is then sketched in, using the lines previous-
ly established for guidance. The other sections of
the body plan are developed in similar fashion and
the lines faired in all three views in the conventional
manner. Tt is believed that by following such a
design procedure it will be possible to incorporate
the desirable features of previous superior hull forms
in a new design.

The waterline at which the boat will float can
be approximated by means of the draft coefficient
data presented in the design data sheets, The draft
forward, for example, can be estimated by deter-
mining the draft coefficient forward for a previous
similar design at values of A 77" and LCG location
corresponding to those for the new design. Multi-
plying the drafe cocfficient value by %/ 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 10019
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Analysis of Full Scale Data

Resistance data from model tests are useful for
determining 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 available on
the weights, speeds and brake horsepowers of actual
full size boats. These data can be reduced as follows
t0 a dimensionless form similar to that in which
resistance data are presented:

550
v

R v bhp

550 _ R bhp
550 "chp

v 2 ehp

bhp

Brake horsepower, weight and speed data for
various types of racing boats are given in Refer-
ence 4. The data from this reference on small vee-
bottom motor boats are plotted in dimensionless
form in Fig. 19. This figure can be used to make
rough estimates of the bhp requirements of new
designs. Tt 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 1b boat at a speed of

Brake Horsepower Requrements of Veo-Battom Rocing

Fig. 1.

Motor Boats, jrom the Dati of Reference (4)
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Fis. 20, Varation of ¥, witl Speod and Displacement
25 knots. Then from Fig. 20 the correspondi
value of F,y = 3.6. Entering Fig. 19 with t
R bhp
value we obtain a value of — . =% of 0.265, \
A ehp

then obtain bhp as follows:

R bhp A

bhp = =2

Rhp= chp 550
bhp = 0.265 .—sﬂ

In Reference 5 a large quantity of data on pre
war American and foreign motor torpedo boat
were compiled. These data are plotted in Fig. 21 i

R bh
the form of "~ . 2 versus F,,. The dara on
& chp

German boats have been omitted, because of the
bad scatter. Data on swepped boats, and on uncon-
ventional forms, have also been omitted, A line has
been drawn through the intermediate region of the
remaining points. This line s considered to be of
some value as a criterion of good performance, and
for roughly estimating the bhp requirements of 4
projected design.

1f 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 deadrises in the planing condition, the toral
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 cocfficient could be obtained. Such
data are particularly necessary and desirable because
it has not been possible herctofore in this country
€0 self-propel models of high-powered planing craft
and make torque and thrust measurer

nts.






b o1 Cosffiients of Brake Horscpower and Speed for Variows
Motun Torpedo Boats, from the Data of Reference (3)

Notation
\ = Projected area bounded by chines and tran-
som, in plan view
' = Breadth over chines at any point
i Mean breadth over chines, A/L
5, = Breadth over chines at transom
By Maximum breadth over chines
. Baseline
Thp = Engine brake horsepower
d Centerline

Center of gravity
= Draft coefficient at rest, forward; equals
draft at 100 % L (Measured from tangent
10 mean buttock at stern) muliplied by

AV
4, = Draft coefficient at rest, aft; cquals draft at
0% L (measured from tangent to mean

buttock at stern) multiplied by A/
= Effective horsepower
Froude number based on volume,
= Acceleration due to gravity
Overall length of the arca A, measured pa-
rallel to baseline

Longitudinal center of gravity location

= Effective power, ft-lb/sec

Total resistance, Ib

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

Density ratio, salt water to fresh water

peed
v Speed, knots
Density of water (weight per unit volume)

WL Intersection of chine with solid water, for-
ward of 0% L, ft

WLy Wetted length of keel, forward of 0 9 L, ft

WLy = Intersection of chine with spray, forward
of 0 L, fe

i Linear ratio, ship to model

a = Angle with horizontal of tangent to mean
buttock at stern, deg.

8 = Deadrise angle of hull bottom, deg.

A Displacement at rest, weight of

. = Trim angle of hull with respect to attirude

as drawn, deg.
Displacement at rest, volume of

Subscripts

M, m = Model

s Ship

o = Value at rest
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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

Bp Breadth over chines at transom

Bx Maximum breadth over chines

B  .Baseline

bhp Engine brake horsepower

¢ Centerline

CcG Center of gravity

Cgp Draft coefficient at rest, forward; equals draft at
1004 L (Measured from tangent to mean buttock at stern)
multiplied by A/V

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

ehp Effective horsepower

Fpv  Froude number based on volume, v/V gvt/3

g Acceleration due to gravity

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

ICG Longitudinal center of gravity location

R Total resistance, 1lb

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)

Speed

"Speed, knots
Density of water (weight per unit volume)

W
WLg Intersection of chine with solid water, forward of O%L, ft
WLg Wetted length of keel, forward of ofL, ft
WLgp Intersection of chine with spray, forward of O%L, ft
A Linear ratio, ship to model
A Angle with horizontal of mean buttock at stern, degrees
A? 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 previocus designs can be considered to represent boats
of the size of the new design, and the data on their performance
¢an be used for guidance. In order to do this easily the designer
needs to have the informaticn on the previous designs in suitable
form. 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 dlscussed.:
Also, methods are proposed for improving the usefulness of
future model tests for purposes of comparison and analysis.
Finally, a step by step design method 1s proposed, ani 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 By, of the chines (see Notation pg ii).
The chief reason for defining the length of a planing hull
in this way is so that onlvy one value of the length dimension
will be assigned to each set of lines. If the length dimen-
sion 1s defined as the length of the load waterline, then a
given set of lines could concelvably 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 area, coefficient. The relation-
ship between hull size and gross weight can be expressed in

convenient dimensionless form by the ratio A/V®5 , where A is
the projected area bounded by the chines and transom, in plan
view, and ¢y 1is 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 ylelds 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 onej; for, to

a good first approximation (assuming the same depth of huil
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/wBx®, are the ones most cgmmonly employed.
The unsatisfactory result of using A/(L/100)> 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. Comparison of
these two designs on the basis of equal A/(L/100)35 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,



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'ghe two designs were compared on the basils
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 mean, buttock. This can be conveniently
done by intersecting the straight line approximations to the
body plan sections by a buttock plane spaced at g;/h from the
centerline plane, as shown in Figure l. Examplesiof 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 gene:ali 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 mgke 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, thersfore, by shifting each
mean buttock curve so that its after end is tangent to the
horizontal axis of the graph. The mean buttock lines 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 oX .
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(f) Plan view of chine. The significant features which
are determined by the shape of the chine line 1n 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/Bp. Therefore,
it 1s 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 B, against hull length, as shown in Figure k.
Each of the chine lines in Figure % encloses the same area,
although the ratios L/Bp 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 k. First, the location of the point of
maximum chine breadth, as a percentage of hull length from the
transom, 1s apparent. Also, the ratios of maximum breadth
and of transom breadth to the mean breadth (Bp) 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:

1l. 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 chipe - This type 1s
exemplified by the British Vosper PT boat of World
War II.

4. Concgve at keel and convex at chine

All of the foregoing parameters of hmll form and hull
loading are incorporated in the Taylor Model Basin's design
data sheet for planing hoats, an example of which is shown
in Figure 5. Also included in Figure 5 are draft coefficlents
at bow and stern for each of the model test conditions. Drafts
at rest were measured up from the straight line which 1s
tangent to the mean buttock at the stern. The draft readings
were then converted to dimensionless coefficient form on the



is to compare the resistances of planing hulls by plotting the
ratio 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 c¢urves 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 VNWT 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/v'3 ), a given value of V//T does not
correspond to the same full scale speed for both designs. For
Model 2727, expanded to 100,000 1lbs. displacement, 40 knots
corresponds to a value of V//T = 3.93, while for Model 2742,
expanded to 100,000 1lbs. displacement, 40 knots corresponds to
a value of VA/L = 4.95. Therefore, plotting R/A agdinst
V/VL 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 Fpy . Here, the resistance curves are
shown in their correct relationship, and the order of super-
iority is the reverse of that shown in Figure 6. The value of
Fny = 3.5 corresponds to 40 knots for both designs at 100,000
1bs displacement. More generally, a particular value of Fpy
corresponds to the same full scale speed for both designs, for
the same displacement. .

A resistance comparison made by plotting R/A versus VAL
will be incorrect unless the length-displacement constant .
(L/V'3) is identical for both hulls, and an identity of L/v’3
will generally not. be the case. Confusion and error will also
result from using the speed coefficient v/A/gBx (which is some-
times used for planing boat analysis) to compare hulls of
different proportions, except when the ratio Bx/V/3(or A/wBx3)
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 2° initial trim by stern. The data for Model 2742 are from
the test at normal displacement and 0° initial trim. No correc-
tion for the difference in the frictional resistance coefficients
of model and full size boat has been made, since that seemed
unnecessary for the purpose of this illustration.



basis of the following reasoning:
Draft is proportional to -%}
Then, draft = (draft coefficient) x —¥f .

Therefore, draft coefficient (Cg) = draft x _%T'°

The draft coefficient defined in this way 1s 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 approximateiy
determined when draft coefficients are available from a pre=-
vious similar design. The two designs should be similar in
respect to A/V¥ , CG locatlon, and longltudinal curvature.
Differenhces in type of section and in plan form of chine should
cause only slight changes in the relative values of the draft
coefficients.

A PERFORMANCE CHARACTERISTICS

A performance characteristics sheet, which presents
model test results for planing hulls in a dimensionless form
sultable for comparlison 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 surface, to displacement, Ey means
of the dimensionless ratios v/\ gy% s R/A and /v
respectively.

Relating resistance to displacement as indicated here is
the wsual 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



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-
t}on%} to their respective values of the dimensionless guantity,
Sv 30 . ‘

In the planing condition, the wavemaking resistance of a
prismatic planing surface equals the product of the displacement
and the tangent of the angle of attack of the bottom (equals A
tan ¢« ). The planing area of the conventional Planing boat
generally closely resembles a prismatic planing surface, and
the angle oc 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 ,
displacement are in nearly the same natio as their respective values

of tan o . S

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

S

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 testsoof EMB
Series 50 (Reference 1). The original data, for O 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/V3vs L/By, 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 to show
the effect of area coefficient on resistance for a constant
value of L/By (which is about %.25 in this case). The resist-
ance curve corresponding to an area coefficient of 8.2 can be



seen to be superior to the resistance curve corresponding to
either the higher or the'lower value of area coefficient.

Resistance curves for all the O° initial trim tests of
EMB Series 50 were compared by groups of equal L/By, 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 X are plotted in Figure 10. This shows the effect_ of length-
beam ratio on resistance for a constant value of A/V 73 (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 Fpy = 2.3, while a relatively short wide hull gives lower
resistance at speeds above Fpy = 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
ICG location. The resistance data from both tests were corrected
to 100,000 1b displacement (@ 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, v * Compared in this manner the resist-
ance curves indicate %he relative resistance of two boats of
the same hull form, same displacement, and same center of gravity
location, but of different hull area. It can be seen that the
smaller boat with area coefficient (A/V’3) equal to %.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 frictienal
effect predominates, since the frictional resistance is approxi-
mately proportional to the wetted surface times the square of
the speed. Therefore, at high speed,, because of her smaller
wetted area, the sm=11 boat has the lower net resistance, in
spite of the fact that the trim angle curves indicate that she
has the higher wavemaking resistance.



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 highj 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 LCG 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 ICG 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
mode}s included one or more tests at "standard" conditions of .
A/V 7?7 and 1CG 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/ V3% ana 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 tes}s;of
planing boat models at the Taylor Model Basin are A/V°/3 = 7,
and ICG location at 6 per cent L aft of the centroid of A.
Where additional conditlions 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 (124 degrees for the Elco and 113
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 1lk4.
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 50 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 1b 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 O 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 amount 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 tanéént 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 5% 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 10° 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

facllitated.

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/Bp) can then be selected. /

In this connection, Figure 10 shows that a low ratio of-
L/By 1s 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



12

 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/Bg,
Figure 8 can now be used to determine a good value for the area
coefficient, A/V?2 . From the indicated value of &/V?8 , and

the preliminary gross welght, the hull area A, can be calculated
as follows: -

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

2/3 /3

- A2
T 16
A x A2/3
va/3 18

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 ICG 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/By, and that a relatively
low speed boat would have a low average resistance with a high
value of area coefficient (light lcading), 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 wlde range of disvlacements,
calculate the resistance for the full-size design displacement
from each of the tests, and compare the results in a graph of
R/A versus The scale ratio between model and full sigze
boat will be gifferent for each model displacement, and can
readily be calculated as follows:

N = 1B

VAp 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 for'jhree 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 corTesponding
to the same full size displacement (100 000 1b). 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 and having a length, L = 58. O and a mean beam, Bg = 1l.h4',
will have the resistance given by curve A, If L = 63.1, and

By = 12,4%' the resistance will be that given by curve Bj and

if L = 70.6', and By = 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 Fnpy of 3.5 or less, then the best boat

of the three represented is thau correspoending to curve C.

If the top speed of the hoat correspunds to a value of Fpy

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 penaities in the low and
cruising speed rangese.

After selecting a value of A/V /3 ( entative, or otherwise), .
the next step in the envisioned design procedure is for the
designer to select suitable non-dimensional gurves defining the
“chine line in p2Pan 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-
cessy 1.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/Bp and A have been obtained the values
of L and By can be calculated as follows:

Since By =z A, then I? = A x L/Bg. From this L can be
L
calculated, and then, readily Bj (equals A/L).

The form characteristie curves of the design data sheets
are given in terms of L and B, 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/By
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



~

15

and the lines faired in all three views in the conventional
manner. It is believed that by following such a deésign pro-
¢edure 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/V?3 and ICG location
corresponding to those for the new design. Multiplying the
draft coefficient value by V/A glives 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. o

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:

,._59590 =R°v _ bhp , 550 =R, bhp
bhp * R T 550 “ehp | Ae v A ° ehp

Brake horsepower, weight and speed data for varlous types
of racing boats are given in Reference Lk, 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 1b boat at a speed of 25 knots. Then from Figure
20 the corresponding value of Fp_ is 3.6. Entering Figure 19 .
with this value we obtain a valug of R , bhp of 0.265. We then
obtain bhp as follows: A  ehp
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R _ bhp , * v
bhp = A ° ehp 0

bhp = 0.265 .rio-O_O—%—l-—'—é—ei - 102

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

e

. The data on German boats have been omitted, because of
tﬁg bad scatter. Data on stepped boats, and on unconventional
forms, have also been omitted. A line has been drawn through
the 1ntermediate region of the remaining points. This line 1s
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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NOTATIOR

Symbolg
Projected area bounded by chines and transom, in
plan view
Breadth over chines at any point
Mean breadth over chines, A/L
Breadth over chines at transom
Maximum breadth over chines
Engine brake horsepower
Draft coefficient, aft; equals draft at OBL (measured
r;om tangent to mean buttock at stern) multiplied by
A/
Draft coefficlent, forward; equals draft at 100%L
{measured from tangent to mean buttock at stern)
multiplied by A/V '
Effective Horsepower

Froude number based on volume, in any consistent units
v//gvlh ’

Acceleration due to gravity

verall length of the area, A, méasured parallel to
baseline s

Longitudinal center of gravity location
Effective power, ft-lb/sec

Total resistance

Total model resistance, 1b

Wetted surface, area of

SW/FW Density ratio, salt water to fresh water




1ii

‘Speed

‘Speed, knrots

Density of water (weight per unit volume)

Intersection of chine with solid water, forward of
oL, ft

Wetted length of keel, forward of OFL, %

Intersection of chine with spray, forward of
0%L, £t

[

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

Dezdrise angle of hull bottom, deg
Displacement at rest, welght of

Trim angle of hull with respect to attltude as drawn,
deg

Displacement at rest, volume of
Subseripts

Model

Ship

Value at rest
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ABSTRACT

Four exis*ing models of planing craft were retested at
the Taylor lModel Basin's "standard condition" for planing
boat models. The test results for each model are presented
in a design data sheet. The data are compared to shovw the
effects of differences in hull form. These comparisons are
independent of differences in hull loading, in ICG location,
or in size of boat. Auxiliary graphs are included to sssist
in making estimates of speed snd power for new designs.

INTRODUCTION

The Taylor Model Basin has accurmlated a number of models
of planing boats which were tested for smooth water performance
in previous years. In geéneral 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 hull forms and the test conditions wele unrslated.
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 nerit of different hull forms. When planing
boat data of the kind referred to above are compared, even in
dimensionless form, differences in performance due to diffecrcnces
in hull form are usually confused or obscured by two factors:

(a) By differences in hull loading end LCG location.

(b) By differences in size of voat to whicii the model
resistance is corrected.

Fortunately thiese kinds of differences can te elininated by
adopting the practice of testing each model at a standard condi-
tion of hull loading and LCG location, and correcting the resist-
ance data from eachn model to the same full size displacezent.
This has now been done for four of the models of planing boats
wiaich were on hand at the Model Basin, and tiae results are

glven in the present repori.
STANDARD TEST CONDITIONS

» Jti el € \-\‘ul 1 donm

The definltions of hull loading and of LCG location for the

vat need t¢ be selected with some care in crder to be

H
ant and useful. Hull losding 1s defined here as the

ndn
. as
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ratlo A/v2/3 as proposed in Reference 1*. The sultability of
this coefficlent can probably best be shown by analogy of the
Planing boat to the alrplane., At high speed a planing boat's
chief support is not from buoyancy, but from that type of 1lift
which supports an airplane, i.e. éynamic 1ift. Accordingly
the important factors affecting %he 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 irmportant factors are
those influencing the performance of the planing bottom in
providing effective dynamle 1lift. And, as the projected wing
area is of fundamental importance in the case of the airplane,
S0 is the projected bottom area of fundamental impdértance 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 1ift. Thersefore in rough water, and especially
in a following sea, the magnitude and disposition of this aresa
assume very great Importance.

" Now in the case of the airplane a significant relationship
involving the wing area 1s the "wing loading", which is the ratio
of the gross weight to the projected wing srea. A somewhat
.8imilar relationship is significant for the planing boat. How-
ever, it is not appropriate to use the identical ratio in this
cass. 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 f£t2 and a gross weight of 8000
1b;, and also a geometrically similar boat 60 feet long and of
corresponding weighgéoorhe ratio j, or "bottom loading", for the

' A
30-ft boat is then 150 st 1b/ft2. Since the linear dimen-
slons of the large boat are twice thoge gf the small boat, the
bottom area of the large boat equals (2)= times the bottom area
of fhe small boat, eand 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: _

e 3
%7180 T og2 S 2 W5 = 89.0 1b/rt2

Evidently then, "bottom loading™ in 1b/ft2 1s a funetion of
absolute size and 1s therefore unsultable as a criterion of the

¥ References are 1listed on page 8,
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flrgiéﬁigﬁéﬁipﬂbétwéénagross;weight and bottom area for different
“sizesi6f:boats. ~In the example Just considered a suitable

'”wwcoefficignt;vould;have vielded identical valuves, since the

" changed from A/A to A2

‘Cnbéapsﬁwaréfgebmetrical}y'similar. If the relationship is

nge 3/A, the ratic 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 = 5.22 foreygth
boats. If the ratio is further altered from A2/3/A to V3/3/A4,
a dimensionless ratio is attained which has some physical sig-
nificance and which is not affected by differences in water
density (as betweeir a full size boat in salt water and the
corresponding model in fresh water). Inverting this we obtain
the area coefficient, A/y2/3, as proposed in Reference 1. The
“value of this area coefficient is 7.2 for both of the boats in
the present example. Tnis ratlio has a useful physical inter-
pretation; it indicates the ratio of the projected bottom area
of the Loat to the area of one side of a cube whose volune
equals the volume of water displaced at rest. '

Definition of ICG 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 which shows plan views of the
bottoms of two planing boat desigins. Design I has a narrow
transcm, witihh the centroid of the projzited bottom area and the
pocition of maximum breadth relatively far forward. Design IT
has a wide transom, with the centrolid of the projected bottom
area ard the position of maximunm treadth relatively far aft.
It seems evident that it would not be correct to consider that
these two deosigns have corresponding center of gravity lccations
sinply if the ICG's of the two designs are located at the same
percentage poirnts on the centerline lengths. This would be sone=
what the same as if an aerodynamicist were to treat nis longi-
tuvdinal C.G. location in terms of the centerline chord of the
wing, without regerd to the amount of sweepback of the wing.
The zerodynamicist, of course, does not do thisj; instead he
treats the LCG location in terms of the riman aserocdyr-ric caord
of the entire wing. A similar effect.is achievéd for planing
boats by DIkB'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
A/y2/3 and ICG location, the weights, hull areas and LCG
locations for a number of planing boat designs were evaluated
in Reference 1. From this evaluation, the standard condition
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selected for tests ?g Planing boat designs at the Model Basin
corresponds to A/vz = 7, and the LCG located at 6%L aft of
the centroid of the area A.

Four models were retested at this standard condition and
the results are given in this report in Figures 2 thr 9
In addition, Model 3592-1 (Figure 2) was tested at A 2 7,
with the ICG at 104L aft of 293 centroid of &, and Model 3722
(Figure 5) was tested at AAy = 8, with the LCG at 6%L aft
of the centrold of A.

DESIGR DATA SHEEIS

The test results for each model are presented in a design
data sheet, as proosed in Reference 1. The dimensionless speed
coefficient used is Froude'!s number based on volume of water
displaced at rest, referred to as Fpy. The effect of using
this speed coefficient is the same ab that of uging (K) . By
using Fpo, however, an unngcess cons JEhT, isTavoided
(Fpg = 7/ s whereas = v/ ).

P
Curves of the dimensionless power coefficient, wgl 2V7
are included in the performance characteristics section of each
design data sheet. The advantages ¢of using this power coeffi-
clent, and alsc the speed coefficient an, are clearly explained
in Re}erence 2.

The maln 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/A 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 pgﬁgose, hovever,
as will appear later. The curves of < and of S/9</3, fcr 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 1s desired to
estimate the speed of a 50,000 1b boat having an engine horsepower
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of 1200 bhp; the hull form and loading to be similar to that

for Mbdelr3é26,'which is shown in Figure:.3.. Since .the design
data sheet gives resistance and ehp data wlthout appendages it -
is first necessary to estimate the valile ci the:ratio of ehp -
without appendages to bhp with appendages. Far ‘the present.
example the value of this ratio would be about 0.5. . .Then, ehp-
(without appendages) = 0.5 °* bhp (with appendages)= 600. Then
from Figure 6, the value of the power coefficient, 10 P/wg1/2v7/6
is 3.8%, Now the curve of power coefficient in each of the
design data sheets was - necessarily calculated for-a.specific
full scale displecement. - As indicated the displacement .assumed
was 100,000 1b. Therefore Figure 7 has been prepared~to assist
in converting between power coefficilents at 100,000 .1b displace-
ment and power coefficients at otner values of displacement.
The proceduvre for the present example is:i-to-ehter the nhorizontal
scale of Figure 7 with the value of displacement (50,000 1b);
then, from this point extend a vertical line to the power .
‘coefficient value of 3.8% in the family of curved lines. From
tiis point extend a horizontal line to the scale at tne left
side of the grarn and here read off the value of power coeffic-
ient for 100,000 1b displacement (3.60 in this case).

- The family of curved linmes in Figure 7 indice . :onstant
values of the prowver coefficient for displacements ranging from
20,000 to 160,000 1b. The horizontal lines, together witih the
scale at the left of the graph, indicate corresponding constant
valics of the power coefficient for 100,000 1b displacerient.
Tne fect that the value of this dimensionless power coefficient
varies with displacenrent (i.e., with size of hoat), is caused,
of course, by the fact that the larger of two similar cozats
will nave a higher value of Reynolds' number than the smaller
noatv wicn the two are operating at corresponding spreeds: there-
fore the frictional resistance coefiicients, snd nence zlso
the values of power coeifficient, will be lower for the large
boat tuan for the small boat. In the present exanple the
magnitvde of the correction for difference in size is very

tine vaiuve of the power coefficient is onlv abhout 14

r 100,000 1b disglmcement than for 50,700 1b displace-
ent. At aigner speeds, and with greater differcnces in dis- -
rlacenent, the msgnitude of the correction can bhecome appreci-
able. Migure 7 shious for examgle that when the value of power
cocificient for 20,000 1b disrlaceinent. equals 8.2, tiie corres-
ponding value for 100,000 1b disglacenent is 7.7%, wailch is
5«6 less. .
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‘ The next step in estimating the speed for the 50,000 1lb,
1200 bhp boat is to enter the power coefficlent curve in Figure 3
with the value of 3.8. The corresponding value of Fpy 1s found
to be 3,04, BEntering Figure 8 with this value, at a displacement
of 50,000 1b, we obtain an estimated speed of 31 knots.

ESTIMATING 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 welght. BEither the curve
of R/A. or the curve of power coefficient can be used for this

calculation. The procedure is essentially the reverse of the
procbdu:e'iust indicated. ‘

¢ - COMPARISON OF RESISTANCES

: The curves of R/A (or of 10 P/wgl/2V7/6) in Figures 2, 3,

4 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 ccmparison 1s on the basis of
equal size (i.e., oqual area, A, and equal gross weight), equal
speed, and corresponding cen&er of gravity location. The re~

maining differences in resistance are caused by differences in
hull fora.

As discussed in Reference 1, the superiority of Model 3722
over Model 3720 can be attributeé to the much smaller amount of
twist in the hull bottom of Model 3722. It is evident from
Pigure 9 that Models 3626 and 3722 are the two designs which
are of the most interest: Model 3626 because it has the least
resistance at high speeds, and Model 3722 because it has the
lovest average resistance throughout the speed range. The
chief difference between the hull forms of Modals 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 cholce 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

1t is desirable to compare the performance of different hull

forms on the basis of equal length/beam ratio. This suggests
& graph like Figure 10, in which R/A is plotted against length/

besm ratio for several different valuss 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 1n the extreme bow portions, Models 3&26

and 3722 are very similar. The how portions are dry in smooth
water at all but very low speeds end thersefore 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 figure, However,
instead of depending entirely on the data from only two models,
additional data (not included hers) from other pairs of models
which were similar except for differences in length/beam ratio,
were used to gulde 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 thelr significance, than if they depended only

on the limited data shown.

The lines of Figure 10 illustrate the fact that for speeds

below Fpo * 2.5, planing boat resistance decreases with increasing

length/beam ratio. At higher speeds (up to Fpy equals. about 4.2)
the resistance increases with increasing length/beam ratio.

By means of Figure 10 it i1s 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 carn be plotted on Figure 10. Then at each
speed the vertical distance from the data point for ths 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
wlll be possible to see the effects on resistance of the other
hull form parameters.
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MODEL DATA

BASIN HIOR SPEED BASIN

BASIN SIZF  2968'x21'x(10'and 16')
DATE OF TEST 23 728 55

WATER TEMP 667

APPENDAGES SPRAY STRIPS
TURBULENCE STIM.  rome

MODEL MATERIAL  WooD
MOOEL FINISH PAINT
TEST A TEST B

Ve | Ry T WLl WL, Wil [ Vg [ Ry [ WL | WL | Wiy

3.9 7.82 | 8,42 [ 4,92 3.98 | 7.30| 8.461 7.3 | 275 | .
4,9113,43 | 8,25 | 6,42 | 6.73 4,97] 12.23 | 8.42 6,9 | 7.42
5.8716.17 | 8,08 | 6,08 | 6,58 5,931 24,76 | 8.35| 6.62] 7,25
6.8817,79 | 7.92 | 5.88 | 6.58 6,93] 26.73 | 8,28 | 6.42 | 7.3
7.82)29.64 | 7.7% | 5.62 | 6.3 7,900 18.91] 8.25| 6.17 | 7.04
8,85 21,68 | 7,50 | 5,29 | 6,33 8.90| 21,37 6.08 | 5.83 | 6,88
9,84 23,29 | 7.32 | 4,93 | 630 | | +9.88] 23.57] 7,92 | 5.71 | 6.67
10.86 24.31 | 6,96 | 4,62 | 5.8 10,90] 2615 [ 7.67 | 5.33 | 6.46
11.84 265,43 | 6.75 | 4,82 | 571 11,87 26.93 [ 7.50 | 5.00| 6.29
12.82126,89 | 6.67 | 4,17 | 5.46 12,810 28.28| 7.35| 4.75 | 6.13
13,8427,9¢ | 6.58 | 4,00 | 5.38 13.85] 30,31 | 7,25 458 | 6.4
14,84] 29.45 | ¢.58 | 3.83 [ 5.2% 14,82 31.79{ 7,08 | 4,33 | 5,92 |
19,72 31,01 | 6.57 15.82| 33,59 | 7.08 | 4.17 | 5.83
16,74/ 32.80 | 6,54 | 3.54 | 5,12 16,76| 35,78 | 7.08 | 4,00 | 5,78
17,76/ 34,87 | 6.58 | 3,42 | 5.08 17.74| 38,14 | 7,08 | 3,87 | 5,75
| 18.7236.96 | 6.58 | 3,25 | 5.08 | [ 18.75] 40.59 [ 7.08 | 3.71 | 5.8
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

DTMB MODEL 35%2-

'REMARKS: .

Relatively high ‘k_ntio and exceasive twist (indicated by rate of cha
m(_lnB) glve poor resistance cheracteristics at "V> 2.8, Relative
sections asscclated with narrow stern give low resistance at F‘V (2.

average resistance at 2.3<an (2.8

I TEST CONDITIONS

19 SrALE

TesT| A A A | L [MaxuM DRAFT COEFF.
: Tl S L B | Qe Tarr
AL o167.5 125,975 | 7,00 | 6,29 |eanana - 1;;%3’ * 14 0.30°N.062 |1.202
B | 1675 | 125,575 | 7,00 | 6.29 |memenone| 53T ® |- 006" [1.527 | 0,9%0
T FORM CHARACTERISTICS
P SRR
Y E : -&i ! | ]

H H | H
moE IS B o _Js'" 44\-
0 | !
! '
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60} L/Byz 5:07 4—t — ==
" B,/B,® 0.821 | \ LT
T I T
» PR \ - MEAN BUTTOQ
] 5 \ R
I . e
0 10 2 3¢ 0 50 - ) % ‘
%L
L LINES
MODEL FULL SIZE -
As 13.536 4q. ft. A3 10964 g ft
L~ 8,742 ¢, L’ 78.68 ft,

Bat 2,548 1e,

Bur 22,93 fe,

IR _ -
g e =
Y YLLL L et i ! | .
- : ! | [
; =
| aeh. 1 ,,/"’
/P/’ : /
l 1+
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Figure 2 - Design Data Sheet for Model 3



PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

DTMB MODEL 3592-i

JUNE 1958

BOFT. PT 8

—— ’
‘L DATA REMARKS: _ |
PEZD BASIR i Relat.vely high sl:-nno and excessive twist (indicated by rate of change of
9608221 '2(10'and 16') angle B) give poor resistance cherscteristics st Pag) ,‘2.8. Relatively straight 1
T 2 v 5% o nogttom associated with narrow stern give low resistance at "V <2.3 and ?L - e
v average resistance at 2.3<Puv (2.8
SPRAY STRIPS
STM.  rome I TEST CONDITIONS
RtAL - WOOD TEsT| A A A | L [maxMum DRAFT COEFF.|¢%, 47| LCG
STABLE
H paTNE TS S i A T Q | Fwo. | aFT. [Ora] Pl
TEST B . A | 167.51125,575 | 7.00 | 6.29 |eweecca. 15}%;’ +0,30°[1,062 {1,292 [10.08L ] 138.3
2,1
; Vo | Ry | WLy | WL | WLl B | 167,5 (125,575 | 7.00 | 6.29 [meeven-n Sow |- 0.70" [1.527 | 0.9%0 | 6,081 | 2.3
1 [3.98 | 7.30]| 8.4 | 7,33 | 7.75
b | [ 4971 12,23 | B.42 | 6,96 | 7.42
) | | 5.93] 14,76 | 8.35 | 6,62 1 7,25 -II FORM CHARACTERISTICS
y 6.93| 16,73 | 8.20 | 6,42 | n3y :
— : T H
v | | 200 18.01] 8,25 617 yiu | . R A
| | _8s0| 21,37/ 8.08 | 5.83 | 6,88 ! 120 ‘!"E[ [ ~ |
y | le9.88] 23,971 7,92 | 572 | 6,67 Lo b A R |
- e e i
) | [ 20.90] 25,15 7.67 | 5.33 | 6.46 i : : : t i | [
l- 11,87| 26.%)| 7.90 | 5.c0 | 6.29 B &: : - I . céNTRQID dFA i ‘
C T L/By= 5.€5 : o LEeRIRMD VT AL
| [22.81] 28.28] 7,35 | 475 | 6.2 - ._,3‘,. 5.07 - AT d3%i
) | 1 23.85) 30,21 7,25 | 4,58 | 6,04 _{BY/B,' o831 | | \
f | [ 24.82] 31.79| 7,08 | 4,33 | 5.92 4oy 7 pa——
| [25.82] 33.59] 7.08 | ¢.17 | 5,83 20 et .
L | | 3676 35.78 | 7.08 | 4,04 | 5.75 | ] \
!__ 17,74 | 38,14 ] 7,08 1.87 5.7% ) - 10 "‘"_—_z‘o 30 ! 40 '50
| 18,75 [ 40.55| 7,08 | 3,71 | %.68 %L
II LINES | )
MODEL FULL SIZE
i A® 13,506 0q. ft. AN 1096.4 sq e
Le 8.7321e, - Ls 78.e8 1t
By® 1.548 ¢, B 13.93 e,
i Wit 6 amb
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Figure 2 - Design Data Sheet for Model 3592-%

e &



11

DTMB MODBL 3626

I¥ PERFORMANCE CHARACTERISTICS

1 H 3 4 H
8 SN
7 I
\\
S ¢
v T
. —
A
1 EN""““‘*~L-_~N;___
panl I —
9 .
. A l
A_..
_ A ’ : [ 7
. C.6. & %L AFT OF CENTROIC OF A i VA
i f i A
! S
i ! i
7 I l /L-T "I 5
; |~
| 7
é ; 0,16
' v
[ o Ve
5 . _ ,,' . . i ‘/ /1
| A
0= !
‘.:, . e - ! 1 I
els T b !
s e
t= N -t T N 1
AT ya
3 o o e LEGEND 0.10
) I P ! l P :
< NI iR S oo wo/TgA
, // ! /IP ‘ t ———* TRST %0. § Jo.os
/ ,/’*/ l : ! REMSTANCE AND POWER CORRECTED é
—— T0 100,000 It USING SCHOENMERR 3
/ L~ ‘ | FRCTION COEFFICENTS WITh 2ERO0 3
1b—1> L : ROUGHNESS  ALLOWANCE 30,06
RS - b ; T 7
05; | l ' l | J
Y 2 3 . b
" F,,v - V/VQVU!

0.1a




PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955
DTMB MODEL 3626 gz SCALE 70

REMARKS:
| MODEL DATA
BASIN HIGH SPERD BASIN Average !L ratio and narrow transom give low resistance characteristics at 2.3
‘ : F . Relativel
: ' ) BASIN SIZE 2968'x2i'x(10'and 16') < :vii: .§ and :Va:uu r:nisnne:lcmuctorini:n‘u !nvh> 3: 1 niu v: y
- . 1 t
! DATE OF TEST 6 ocT 5t R : ra ‘(2 buttocks forward give only lV!l'rlll resistance characteristics a
WATER TEMP 73°P Ry (23
APPENDAGES SPRAY STRIPS . T
TURBULENCE STIM, NOMR ) I TEST CONDITIONS .
MODEL MATERIAL  wooD . Test| A A A L {mnm ORAFT COEFF. | SO AFT[
i - T STABLE == | O
, MOOEL FINISH . -mimr . ) No.| v e | 9| v T, CZ. FWD. | aFT TR0
) TEST MO, ’ L o
S RTINS Mo ’ — ¥ 2. 08,0] 61,900 | 844 | 6.98] woemee [PeREarTis 1,089 —
S / QR: Wy ‘:’Lc Wiy 8| 98.9] e9,000| 9.75| 2.00] -ceee 1;%%;,.‘ +1.08%
.26 | §.82 50| 6.90! -7.60 . = j N -
LT T ;"zi 12568 ;:5 : e: ;zr 8 ' o [ 108 ] 95,000 | 738 3] ceeeme [Pitge’|s 1,080 ”
e A I ' 129.6 [ 83,850 | 7,60 5.99| ev-nnn 0.2 sl 40,00 1,133 |1, )
6.40 |13.33 | 7.40] 5.70] 6.80 3 +85 sfiax *l 133 1070 (6,08
9.48 [14,98 | 7.30] %.20| 6.2 i L
a.:; 1::: Z;ﬁ 4.80 ::: II FORM CHARACTERISTICS
9,60 |17, 901 4.40] 5, — T — S
10,70 |18.79 | 6.70| 4.10] 4,80 SO L L T ‘ co T P!
y . 120~ - PO SR S IR DR
11,76 [19.92 | 6.65| 3,90 4.60 S 11—1/1/‘_},4&—/ ’;“\\,
12.82 [20.86 | 6.60| 2.70| 4,40 200 e N il
13.95 (22,39 | 6.80( 3.55| 4.3 L R ' R )
80t . B b ?
15.06 | 26,14 | 6.651 3.40 [ 4,25 ) _a_% r’ . . '. . B." i :
16,08 | 26,04 | “ 6.65]| 3,251 4.20 Ba g L/B.' 513 - ’ /JJT
17.36 [28.30 | 6.70] 3.20| 4.2§ : LB a ci’.‘r“f'oo:“r—\ I /J/ P
. o— B/Bym0.639 9:0%1 e ;
18,22 30,64 | 6,751 3,05 | 4.25 e AN ——— 5
- . 20— DI R o N |, MEAN sur‘rocx
— : | 7
i 3
o 10 e 30 40 %o - &0 ) g0
R ) ! 7 %L
WS . ’ . ) " T LINES
: ’ MODEL FUI.I. Si2E )
Az 11,415 gq, v, AA' 824.7 gq, 1t
Le 7.689¢¢, JLs escage,
L By loegare, - Byn 22,684,
. - . .- Al N — P . ,l .
N o N S e : '
weerL Wi v MRy -
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o T ¢
ot ¥
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F‘ipure 3 =~ Design Data Sheet for Model 3
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MODEL DATA

ASIN HIOH SPBED BASIX
SIN SIZE 2968'x21'2(10'ana 16)
ATE OF TEST 6 ocT 54
ATER TEMR 73°#
LirPENDAGES SPRAY STRIPR
TURBULENCE STiM NORR
EODEL MATERIAL  WoOD -

0DEL FINISH PAIND
5T NO; § .

4,26 | 8.82 | 7,50] 6.90] -7.60
534 (11,68 ] 7.45] 6.20]. 7.25
6,40 113,33 | 7.40] 5.70] sig0

.54 |16.67 | 7.10] 4.80| 5.5
9,60 |17.58 | 6,90 4.40] s.10
8,70 |18.79 | 6.70! 4,10 4.80

76 119,92 | 6,65] 3,90 a.60 120 T T
282 [20.88 | 6.60! 3,90 a.e0 | | R et
D95 2239 | 6.60] 3.55] 4,35 I s )

' - - 1] » . Bc| / ‘ &
Bs.o6 (20,24 | 6.65] 3.40] 4,28 .‘1% T B
Bs.08 [26.08 | 6.65] 3.25| 4,20 B _|L/Bn’ 13 R
Br6 (8.3 | 60| 3.20] s T L/Bye 4o - CNTROD oF
88,22 [30.60 | 6,75] 3.08| ‘.28 40— Br/By ; ,

y ! ! . ! fponm—t

NL———""L : IR
I B
| I A
0 16 20 -
I LINES .-
MODEL - FULu  SIZE.
As 10415 g, £v, AS 826,73 ¢, 1t
Le 7.649 ¢, Ls 65.¢2 ¢,
By 1492 ft. Byr 12681,
WORBL AL N welS
¢ ’ 4 8 ‘ ' ‘ 1 5 (LI |

;

!
. b
== | -

G | Ry WL Wi Wil

748 (14,98 | 7,30] 5.20| 6.20] .

PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955
DTMB MODEL 3626

REMARKS:

Pz SCALE

Average ‘L_ ratio and narfow transom give low resistance chlnctcrinic: at 2,3

(g <3 5 and average resistance characteristics at Fag) 3.5, Relatively -

straight bustocks forward give only average reshnnee ehanetuuuel at

Frg 2.3, .
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Figure 3 - Design Data Sheet for Model 3626
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I¥ PERFORMANCE CHARACTERISTICS
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DTMB MODEL 3720

PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

JUNE 1955

13 SCALE 79 FT. HIG

REMARKS:

Relatively high _L_ ratlo, excessive twist ( indicated ty rate of change of]
/’1) and pronounced concave sectiuns glve average resistance charscteristics

ut l‘n.7 <2 and poor resistance characterlistics at Fn N 2,

I TEST CONDITIONS

Figure 4 = Nesign Data
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

: JUNE 1955
 DTMB MODEL 3720 - 15 SCALE .79 FT. HIGGINS PT BOAT

REMARKS.

Relatively high EJ" ratio, excessive twist ( indicated by rate of change of angle
A7 .
P ) and proncunced concave sections give average resistance characteristics

at tng (2 and poof resistance characterisiics at Fny;)> 2,

I TEST CONDITIONS
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PLANING BOAT DESIGN DATA SHEET
e DAVID W, TAYLOR MODEL BASIN

JUNE 1988
DTMB MODEL 3722 19 SCALE R

e o ettt et -2

REMARKS:

Relatively high l“" ratio and narrow transca give low reststance chara
‘ at fag 3. Average resistance charscteristics st l‘nv> 3.
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PLANING BOAT DESIGN DATA SHEET
DAVID W. TAYLOR MODEL BASIN

- JUNE 1988
DTME MODEL 3722 1 SCALE 80 FT. ELCO PT BOAT

g )
REMARKS: :
4
Relatively high ‘lt. Tatio and nerrow transom give low resistasce charecteristics "j
st Mg (3. Average restetance.charecteristics n-hv> 3. fﬁ?
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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 determine resistance, trim
angle, wetted lengths and wetted surface. In mose
cases cach of these models was considered o repre-
sent a particular full-scale boat, and the data
obtained were presented 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 designer
needs to have the information on the previous designs
in suitable form. The purpose of this report is
mainly to indicate appropriate methods of present-
ing and utilizing the accumulated information on
hull forms and model test results for planing boats
to guide the design of future boats.

- In this reporc the important planing hull para-
‘meters are defined and a convenient method of
‘combining them in a hullform characteristics sheet
shown. A plan for presenting model test results
in'a dimensionless form suitable for comparison and
analysis is nexe given. The hull-form characteristics
and model test results are ac present being incor-
porated in a Taylor Model Basin design data sheet,
an example of which is given. The effects on per-
formance of variations in some of the primary
parameters are then illustrated and discussed. Also,
Methods are proposed for improving the usefulness
of future model tests for purposes of compatison
/and analysis. Finally, a step by step design method
3 proposed, and data are presented which it is
believed will assisc the designer in making design
decisions quickly and with assurance of correctness.

Hull Eorm and Hull Loading Parameters

““The primary parameters affecting the perform-
ance of planing hulls, in the approximate order of
"eir importance, are as follows:

,‘iﬁ Ratio of Imgl/a o beam. This important ratio is
lefined here as the ratio of the lengch L, of the hull
g:f‘m'fl, to the mean breadth B, of the chines (see
Notation, p. 253). The chief reason for defining the
8th of a planing hull in this way is so thac only

€ Yalue of the length dimension will be assigned
€2ch set. of lines, If the length dimension is de-
as the length of the load watecline, then 2

given set of lines could conceivably have various
lengths assigned to it at different times, depending
upon the particular displacement and cener of
gravity location of each instance.

b. Size-displacement, or area, coefficient. The re-
lationship 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 7/ is
the volume of water displaced ac rest. Since this
coefficient is dimensionless it yields the same value
for geometrically similar boats of different size but
of corresponding loading. It also yields the same
value for two boats which have differenc lengch-
beam ratios but the same area, A, and the same dis-
placement. If two designs having different ratios
of length to beam are compared on the basis of equal
values of A/\/* 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.

Te 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 re-
lationship of planing boats. The well known dis-
placement-length ratio, /A/(L/100)% and the load
coefficient, /\/wB.3, are the ones most commonly
employed.  The unsatisfactory result of using
A/(L/100)? as the size-displacement criterion may
best be illustrated by an example. Suppose that two
sets of lines, A and B, are under consideration for
a boat of given displacement, and that design A has
a higher ratio of lengch to beam than design B.
Comparison 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 displacement.
Compared in this manner, however, design B has
more beam, more hull area, and (assuming the same
depth of hull and similar construction) more hull
volume and more hull scructural weight than design
A. These differences will clearly preclude a valid
comparison. A similar confusion would result if the
two designs were compared on the basis of equal
A/wB2.

c. Longitudinal CG location. It is considered ap-
propriate to define longitudinal CG location as the
distance of the CG from the centroid of the area, A,
expressed as a percentage of the lengch L.

d. Deadrise- Deadrise angle of cthe hull bottom
generally varies from a large angle near the bow to
an angle of a few degrees at the transom. The
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Fig. 1. Typicel Ploning Boat Body Piax wich Straight Line
At i See

variation of this important angle throughout the
length of the boat can be indicated by approxim-
ating each section of the body plan by a straight
line (sce Fig. 1) and then plotting a curve of dead-
vise Variation versus boat length. Examples of this
curve, for three different designs, are shown in
Fig. 2. The variation of deadrise angle with boat
length generally gives very nearly a straight line
for the after half of the hull length.

¢. Longitudinal carvature. The longitudinal cur-
vature of the hull bottom is shawn by the shape of
the buttock lines, For purposes of comparison and
analysis it is desirable to define an average, or mean,
buttock. This can be conveniently done by inter-
secting the straight line approximations to the body
plan sections by a buttock plane spaced at B, /4
from the centerline plane, as shown in Fig. 1.
Examples of the mean buttock curves obtained by
this method are shown in dimensionless form in
Tig. 3a. The mean buttock lines shown in Fig. 3a

reflect the general practice to have straight buttock
lines in the afier portion of planing hull bozoms.
Buttock lines are generally straight for at least the

B2 Cwr

5 of Dewdrise Anhe 13 Bost Lengsh for Three
PT Boats of Warid War 11

after 30 per cent. of the hull length. Tt is difficuls
to make further comparisons of the buttock lines
hey appear in Fig. 3a, since cheir attitudes, and
their heights from the horizontal axis, reflect the

* arbitrary attitudes and heights above the bascline at

which the corresponding lines were originally drawn,
Comparison_and analysis can be facilitated, chere.
fore, by shifting each mean buttock curve so thar
its after end is tangent to the horizontal axis of the
graph. The mean buttock lines of Fig. 3a, after being
shifted in this manner, are shown in Fig. 3b. In the
presentation of model test sesults in this report the
angle of artack, or running trim of 2 hull is defined
as the angle which the tangent to the mean buttock
ac the stern makes with the horizontal. This angle
i designared a,

Fir. 5. Mran Buttock Cavves for Thvee PT Doats of World War 1T

[ 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 distribution of breadth and of
bottom area. Length/beam ratio has already been
adequately defined as the ratio L/B.;. Therefore, it
is desirable o 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 By
inst hull length, as shown in Fig. 4. Each of the
chine lines in Fig. 4 encloses the same area, 2lthough
the ratios LB, 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 Fi. 4. First, the location
of the point of maximum chine breadth, as a per-
centage of hull length from the transom, is appa-
rent. Also, the ratios of maximum breadth and of
transom breadth to the mean breadth (B) can be
read directly from the scale of the ordinate. An
importane criterion of the fore-and-aft distribution
of the plan-view bottom: area {area A) is che loca
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Chine Offscts i Plan View, e Thees DT fouts of
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tion of ¢he centroid of this area, This dimension is
given in Fig. 4, for the differenc designs.

g Type of section, Planing boat sections generally

fall into one of the following four categorics:

1. Concave. An example of this type of section
is shown in Fig, 1.

2. Comvex. The usc of developable surfaces will
generally result in this type of section
5. Convex at keel and concave at chine. This

type is exemplified by cthe British Vosper PT
boat of World War I1.

4. Concave at keel and convex ut chine.

Alf of the foregoing parameters of hull form and
hull loading ure incorporated in the Taylor Model
Basin's design dara sheet for planing boats, an
example of which is shown in Fig. 5. Also included
in Fig. 5 are drafc coefficients ac bow and stern for
cach of the model test conditions, Drafts at rest
were measured up from the straight line which is
tangent <o the mean buttock at che scern. The draft
readings were then converted to dimensionless
eoctficient form on the busis of the following
rezsoning:

Draft s proportional to -

Then, drafc = (draft coefficient) . =
. . A
Thezefore, draft coefficient (Cy) = drafc . T
The drafe cocfficient defined in this way is in-
dependent of differences in absolute size and of

differences in length /beam ratio. Also, by measuring
the draft from the tangent to the mean buttock,
his draft coefficient is made relatively independent
>f differences in deadrise angle. Accordingly, the
draft coefficients for a new design can be approx-
mately determined when drafc coefficients are
wailable from a previous similar design. The two

designs should be si 7, CG
location, and lengizudin Diffecences in
type of section and in phn form of chine should
cause only slight changes in the relative values of
the deaft coefficicnts.

ailac in re o A
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Performunce Characteristics

A performance characteristics sheet, which pre-
sents model test results for planing hulls in a di
onless form suitable for comparison and
is included in the design data sheet shown
in Fig. 5. Also included in the design data sheet are
the hull lines and other pertinent dimensions and
coefficients, It is che incention of the Taylor Model
Basin to prepare such a design data sheet for each
planing hufl model tested in the future, and also for
a selected number of those models previously tested.

Since displacement is 1 fundamental design
quantity it is desirable to compare hull forms on
the basis of equal displacement. This is facilicated
in the performance characteristics sheet shown in
Fig. 5 by relating each of the variables, speed,
resistance and wetted surface, to displacement, by

ss ratios v/ VgV, R[S

means of the dimensi
and §/77*, respectively.

Relating resistance to displacement as indicaced
here s the usual practice in this countey in dealing
with planing boats. Unfortunately, however, it is
fot general practice to relate planing boat speed to
displacement. The general pracice is to compare
he resistances of planing hulls by plotting che ratio
of resistance to displacement against speed-lengch

ratio (V/ VL), This mechod often gives an incorrect
comparison, 15 shown by the following example.
Suppose that 2 100,000 Ib., 40 knot boat is required.
In Fig. 6 the resistance curves for two models
having different values of lengeh-displacement
constane (/") are plotced in the usual man-
ner.') Fig. 6 gives che impression that a boar based
on Mode! 2727 would have higher resistance than a
boat based on Model 2742. Such is noc the case,
however, because the use of V/VL as abscissa does
not bring the actual Full scale speeds into corres
pondence. Thar is, since the models have different

values of length-displacement constane (L7,

a given value of V/ VT does not correspond to the
same full scale speed for both designs. For Model
2727, expanded to 100,000 lbs. displacement, 40
kaots
while

corresponds to a value of V/VL = 3.93,
for Model 2742, expanded to 100,000 Ibs.

sre cakee foom che ovisinal dcs for Refereace 1
2727 are fram che tese at
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of Tio Mol frour EMB Sures 50, Compired

by the Methos 1 Gene.

displacement, 40 knots corresponds o a value of
V/¥L = 4.95. Therefore, plotting R
V/vL amounts, in this case, to comparing che re-
sistances of the two designs at entirely differenc
speeds, What is required is a plot of R, /s versus a
coefficient which will bring the full scale speeds
into aligament. The speed coefficient F,, is correct
for the purpos derived from the sig-
nificant quantities of the design problem, i.c.: speed
and displacement. In Fig. 7, the data from Fig. 6
have been replotted on an abscissa of P,y . Here,
the resistance curves are shown in their correct re-
lationship, and the order of superiority is the reverse
of that shown in Fig. 6. The value of F,, = 3.5
corresponds o 40 knots for both designs ac 100,000
bs. displacement. More generally, a particular value
of Fuy corresponds to the same full scale speed for
both designs, for the same displacement.

A resistance comparison made by plotring R.//\

A against

versus V/VE will be incorrect unless the lengch-
displacement constant (L,/%7"*) is idencical for both

8 7. Resttances of Tuwo Molele from EMB Sevies 50, Compared
by « Correct Methud

ad an identity of L T ot

will geacrally
Confusion and error will at

hull
[

o result

he case.

from using the speed cocfficient ¢ /\§B, {which is
sometimes used for planing boat analysis) fo com-
pare hulls of different proportions, except when the
catio B,”T' (or /n/wB?) is the same for both
boats.

Wetted surface and trim angle are included in
the performance 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 proportional
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 differ-
ent designs are proportional to their respective
values of the dimensionless quanticy, S/

In the planing condition, the wavemaking resist-
ance of a prismatic planing surface equals the pro-
duct of the displacement and the cangent of the
angle of attack of the bottom (equals A tan «).
The planing area of the conventional planing boat
generally closely resembles a prismatic planing sur-
face, and the angle @ of the present paper is defined
in such a way as to represenc approximately the
effective angle of attack of the planing area. There-
fore, the wavemaking resistances of two designs
which are being compared on the basis of equal
displacement are in nearly the same ratio as their

respective values of tan .

Effects on Performance of Changes in Area Cocf-
ficients, Length-beam Ratio and LCG Location

An aggregate of dara suitable for analyzing the
eifects 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 daca, for 0° initial tim only, was used for
the present analysis. The procedures used for vary-
ing the model loading and proportions in this seriss,
and for presenting the resistance data in Referance |
are the same as those used by Taylor for his stan-
dard series of ship forms. The form in which the
data are available will be found disappointing by
anyone who attempts o use them for determining
che effects of the significanc planing hull para-
metess on resistance, and a new approach, therefore,
scems desirable.

When each of the tests of EMB Series YO is re-
presented by an x on a grid of A,/ us L/By, the
cesult is as shown in Fig. 8. It can be seen Lh.\L the
tests fall into groups corresponding to substantially
constant values of L/B. Three resistance curves
from group D are plotted in Fig. 9 to show the
effect of area coetficient on resistance for a con-
stanc value of L/B, (which is about 4.25 in this
case). The resistance curve corresponding to an

Y1 3%
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Fis. & tion of Arca Corfficient for Optimum Resistance with
Length/Beow Rativ, from the Dota of the EMB Sevies 50

area coefficient of 8.2 can be scen to be superior to
the resistance curve corresponding to cither the
higher or the lower value of area coefficient.
Resistance curves for all the 0° initial trim tests
of EMB Series 50 were compared by groups of
equal L/By, and for each value of L/By it was
possible to distinguish an optimum resistance curve
corresponding to a particular value of area cocffi-
cient. In Fig. 8, the area coefficient for optimum
resistance for cach of the values of Jength-beam
ratio is indicated by a circle around the ;i

Fig. 10. Effect of Longsh/Beam Rotio on Resistance, with Coustant-
Area Coufficient

lower resistance at speeds below Fy, = 2.3, while a
relatively short wide hull gives lower resistance at
speeds above F,, = 2.3,

Additional data showing the effects of a change
in area coefficient on the performance of a planing
hull are shown in Fig. 11. These data were ob-
tained from tests of the same model at twc
different displacements but approximately the

x. It can be seen that the variation of optimum area
coefficient with length-beam ratio can be represent-
ed with reasonable accuracy by a single straight line.

Resistance curves for the three tests of Fig, §
indicated by ¥ are plotted in Fig. 10. This shows the
effect of length-beam ratio on resistance for a
constant value of A/V* (about 8.6). It can be
seen that the high specd resistance decreases mar-
kedly with decrease of length-beam ratio, but that
chis is accompanied by some increase in Jow speed
sesistance. Or, looked at in a different fashion, Fig.
10 shows that a relatively long slender hull gives

Tk, 9. Effect of Ava Corfficient on Resistance. with Coustont
Length/Bcam Ratio

¥k 1. Bffects i the Dosformmanee of o Typicsl Dlasing Bost Fall
Vo, of o Variation i Aves Cotffisons
4
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same LCG location. The resistance data from both
cests were corrected to 100,000 Ib. displacement
(a convenient average value for boats of the PT and
AVR types) and are plotced in Fig. 11 in the form
of R/A versus Fy, . Compared in this manner the
resistance curves indicate the relative resistance of
two boats of che same hull form, same 1

and same center of gravity location, but of differ-
ent hull area. It can be seen that the smaller boat
with area coefficient (A7) equal to 4.93, has a
high resistance hump. This is evidently caused
mainly by wavemaking resistance since it corres-
ponds to a similar hump in the trim angle curve.
Ac the hump speed the lower wetted surface of the
smaller boat apparently is of relatively liccle offect
in reducing resistance. Ac high speed the frictional
effect predominates, since the frictional resistance
is approximately proportional to the wetred surface
times the square of the speed. Therefore, at high
speed, because of her smaller wetted area, the small
boat has the lower net resistance, in spite of the fact
that the trim angle curves indicate that she has the
higher wavemaking resistance.

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, resistance at
cruising speed would be highs and, finally, the high
trim hngle would aggravate pounding in waves.

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

Standard Model Test Conditions

It was shown in the previous section thac changes
in the area coefficient and in LCG location have
large cffects on the performance of planing boats.
Therefore, in order to show the effects of other
variables on performance, it is desirable in any com-
parison 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** and LCG loca-
tion. Future designs could then be readily compared
without incerpolation, without the necessity of
searching for test conditions that happened to be

+ Typical Planing Bost of o
Locetion

Fig. 12

Effects on the Performance o
Variation in LCG.

similar, and wichout having significant performance
differences unnecessarily obscured 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 prac-
tical and desirable region of planing boat design

Fig. 13 shows the values of A/V* and LCG
location (with respect co 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) occuss.
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
aceurately the after limic of the practical range of
center of gravity location. Each of these points is
indicated by a diamond with a cail.

The standard test conditions decided upon for
tests of planing boat models a the Taylor Model
Basin ace A/%/* = 7, and LCG location at 6 per
cent. L afc of the centroid of A. Where additional
conditions are desired it is planned to select them
from among the conditions indicated by the solid
circl ig. 13. =

cles of Fig. 13 0015
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Avea Cocficients and LCG Locations Corresponding to
Model Tests of Typical PT and Ancraft Rescuc Boots

Tie. 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 I Elco and Hig-
gins P designs. Fig. 2 shows that the deadrise of the
Elco design increascs 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 (o 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 de-
signs (average of deadrise at mid-length and
transom) are practically the same (121 degrees for
the Elco and 11% degrees for the Higgins design).
Figs. 3b and 4 indicate that the two designs are
fairly similar with respect to mean buttock curva-

boat having a high average deadrise angle. The
range of deadrise angles covered by the tests of EMB
Series 50 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. Fig. 15
shows the performance predicted from such data
for a 100,000 Ib. boat, of typical dimensions, for
deadrise angles of 0, 10 and 20 degrees. These per-
formance curves were calculated from the data of
Reference 2. It can be seen that an increase in dead-
rise 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 amount of the increase in R //\
caused by increased wavemaking resistance 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 increase in trim angle of 1 degree corres-
ponds to an increase in the tangent of approximately
0.018. Evidently then, of the increase in R//\ of
0.040, approximately 45 per cent. (0.018) can be
ateributed to increased wavemaking resistance and

ture and shape of chine in plan view. Perf
of the two designs, from model tests, are compared
in Fig. 14. The resistance of the Higgins design is
appreciably higher than the resistance of the Elco
design, and the difference is considered 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
ormance, throughout the speed range, with a

Fig. 19, Effocts ou Dlaniny Boat Perforiman e
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Vis, 15, Effects on Planing Performunce of Variation in the Deadrise
Angle of the Hull Bottom, from Planing Surface Dote

the remaining 5 per cent. to increased frictional
resistance,

In spite of the fact that a flat planing surface has
s resistapce than one with deadrise, in practice a
deadrise angle at the transom of at least 10° is
desirable in order to give a boat good dircctional
«tability, and in order that it will have the desirable
characteristic of banking inboard on turns.

Model data are not readily available to show the
“ifects on resistance of longitudinal curvature, plan
furm 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

sort have been introduced with the intent that
they should be useful for design purposes. Accord-
ingly, in this section, a design procedure utilizing
these coefficients and parameters will be outlined.
This report does not attempt to present a complete
gn procedure. It would be necessary to include
+ considerable amount of additional information to

mplish that, Among the information necded

would be data on weights, engine particulars and
propeller characteristics, all reduced to conveniently
usable form.

Tentatively, then, it is considered that an effect-
ive design procedure would be to proceed some-
what 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/By) can then be selected.

In this connection, Fig. 10 shows that a low ratio
of L/Bs is an attractive prospect with respect to
high speed resistance, Experience indicates, however,
that a low length-beam ratio can be urilized only
for sheltered water boats, and that for seaworthiness
a relatively high value is necessary. Thus, for sccpless
run-abouts the length-beam ratio is about 3.6,
hile for the motor torpedo boats of World War II
the ratio s about 5.6. A logical design procedure,
then, is to select the length-beam ratio of @ new
design from the proportions of previous successful
boats of the same cype. Fig. 16 has been prepared
for this purpose. Having selected a vahue of L/By,
Fig. 8 can now be used o determine a good value
for the area coefficient, A/ V", From the indicated
value of A/\/*, and the preliminary gross weight,
che hull area A, can be calculated as follow

=L then, since w = 64 1o/£6 for sea water,

Al

“This value should be compared with the required
hull area as indicated by the preliminary arrange-
‘ment plan.

Several considerations are involved in the decision
25 to the choice (or compromise) between the hull
area indicated by the preliminary arrangement plan
and the hull area indicated by the area cocfficient,
A/\/%. Tf the arrangement plan area is very much
less than the area indicated by Fig. 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
Fig. §, then the arrangement plan area will give 3
lightly loaded hull. It should be pointed out that the
“optimum” line of Fig. 8, from the nature of the
development is of limited significance. Only onc
type of hull lines and one 1.CG location arc repre-
sented in this graph. Furthermore, Figs. 9 and 11
show that the optimum value of area coefficient
(value for minimum average resistance) is a func-
Gon of top speed as well as L/B, and that a rela-
Gvely Jow speed boar would have a low average

ann A4

249



Displacement at rest, chousand of pounds

Fig. 16, Vaviation of Length/Beam Ratio with Displacement

resistance with 2 high value of area coefficient
(light loading), while a high specd boat would have
low average resistance with a more economi
arrangement plan and a low value of area coe
cient (heavy loading). Accordingly it would be
desirable to recheck the hull size sclected, 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 would be to
test a model over a wide range of displacements,
calculate the resistance for the full-size design dis-
placement from each of the tests, and compare the
results in a graph of R//\ versus F,, . The scale
ratio between model and full size boat will be dif-
ferent for each model displacement, and can readily
be calculated as follows:
5

\/Ks;ﬁw

2=

For an accurate analysis the data should be cor-
rected for the difference between the frictional
resistance coefficients of model and of full-size boat.
The method of making this correction for planing
hulls is given in Reference 3. Fig. 17 shows the
results of a model test calculated and plotted in the
proposed manner. The model tested was a planing

hull of normal form, and the tests were originall
made to determine the resistance of a given size o
hull for three different full-size displacements. Fo
the present purpose, however, the three tests ar
considered to represent tests of a particular set o
lines at three different scale ratios, each test corres.
ponding to the ssme full size displacement (100,000
1b). Considered in this fashion, the following inter-

1 Resstanse for Constarnt
C10a0n fiy
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pretation may be put upon the data shown in Fig.
17: A 100,000 Ib boat built to the lines tested and
having a length L = 58.0' and 2 mean beam
By = 11.4', will have :he resistance given by curve
A I L = 631", and By = 12.4 the resistance will
e that given by curve B; and if L = 70.6 and
B = 13.9', the resistance will be that given by
curve C. Tt is clear from this figure that if the
anticipated top speed of the boat under consider-
ation corresponds o a value of F,, 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
hoat corresponds to a value of F,; of 4.0 or greater,
then a reduction in top speed resistance would re-
<ule from selecting boat dimensions corresponding
- curves A or B, instead of those corresponding to
curve C; the curves also show, however, that this
lection would be accompanied by substantial re-
sistance penalties in the low and cruising speed
ranges.

After selecting a value of A/7" (tentative, or
otherwise), the next step in the envisioned design
srocedure is for the designer to select suitable non-
“imensional curves defining the chine line in plan

iew, the deadrise variation, and the longitudinal
curvature of the mean buttock. These curves are
shown, for the particular boats, in cach of the
Taylor Model Basin’s design data sheets. It is anti-
cipated 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 process, i.e. with the idea that the designer
should be able to use the form characteristics select-
ed to construct the hull lines for a new design. Some
suidance from a previous design as to section shape
will also be needed.

‘When the values of LB, and A have been ob-
sined the values of L and B, can be calculated as
“ollows:

Since By =71 then 1> = A . LB, From this

I can be calculated, and then, readily By (equals
A'L).

The form characteristic curves of the design data
sheets are given in terms of L and By, so that
when the values of these two dimensions have been
determined, and che form characteristic curves for
the new design have been selected, the new body
plan, and subsequently the complete lines can be
constructed. A deseription of the method of con-
“tructing one section will indicate the essential
features of the process. The process of constructing

wcction at 70 per cent. of L forward of the stern

indicated in Fig. 15, The centerline is drawn and

Tig. 13,

Constructing & Body Plon Section e 70 % L

then a horizontal line representing that waterline
plane which is tangent to the mean buttock ac the
stern. This plane is the primary horizontal reference
plane in the proposed design process. A vertical line
indicating the butock planc at B4 outboard of
the centerline is then drawn, and 2 baseline is drawn
at any convenient location. Then, from the selected
mean burtock 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, measur-
ing 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/B; for the 70 per cent.
point can be determined, and multiplying this by
B, and dividing by 2 gives the half breadth of the
chine at 70 per cent. L. This dimension js then
indicated on the drawing. The type of section
sclected is then sketched in, using the lines previous-
ly established for guidance. The other sections of
the body plan are developed in similar fashion and
the lines faired in all three views in the conventional
manner. Tt is believed that by following such a
design procedure it will be possible to incorporate
the desirable features of previous superior hull forms
in a new design.

The waterline at which the boat will float can
be approximated by means of the draft coefficient
data presented in the design data sheets, The draft
forward, for example, can be estimated by deter-
mining the draft coefficient forward for a previous
similar design at values of A 77" and LCG location
corresponding to those for the new design. Multi-
plying the drafe cocfficient value by %/ 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 10019
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Analysis of Full Scale Data

Resistance data from model tests are useful for
determining 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 available on
the weights, speeds and brake horsepowers of actual
full size boats. These data can be reduced as follows
t0 a dimensionless form similar to that in which
resistance data are presented:

550
v

R v bhp

550 _ R bhp
550 "chp

v 2 ehp

bhp

Brake horsepower, weight and speed data for
various types of racing boats are given in Refer-
ence 4. The data from this reference on small vee-
bottom motor boats are plotted in dimensionless
form in Fig. 19. This figure can be used to make
rough estimates of the bhp requirements of new
designs. Tt 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 1b boat at a speed of

Brake Horsepower Requrements of Veo-Battom Rocing

Fig. 1.

Motor Boats, jrom the Dati of Reference (4)
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Fis. 20, Varation of ¥, witl Speod and Displacement
25 knots. Then from Fig. 20 the correspondi
value of F,y = 3.6. Entering Fig. 19 with t
R bhp
value we obtain a value of — . =% of 0.265, \
A ehp

then obtain bhp as follows:

R bhp A

bhp = =2

Rhp= chp 550
bhp = 0.265 .—sﬂ

In Reference 5 a large quantity of data on pre
war American and foreign motor torpedo boat
were compiled. These data are plotted in Fig. 21 i

R bh
the form of "~ . 2 versus F,,. The dara on
& chp

German boats have been omitted, because of the
bad scatter. Data on swepped boats, and on uncon-
ventional forms, have also been omitted, A line has
been drawn through the intermediate region of the
remaining points. This line s considered to be of
some value as a criterion of good performance, and
for roughly estimating the bhp requirements of 4
projected design.

1f 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 deadrises in the planing condition, the toral
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 cocfficient could be obtained. Such
data are particularly necessary and desirable because
it has not been possible herctofore in this country
€0 self-propel models of high-powered planing craft
and make torque and thrust measurer

nts.




b o1 Cosffiients of Brake Horscpower and Speed for Variows
Motun Torpedo Boats, from the Data of Reference (3)

Notation
\ = Projected area bounded by chines and tran-
som, in plan view
' = Breadth over chines at any point
i Mean breadth over chines, A/L
5, = Breadth over chines at transom
By Maximum breadth over chines
. Baseline
Thp = Engine brake horsepower
d Centerline

Center of gravity
= Draft coefficient at rest, forward; equals
draft at 100 % L (Measured from tangent
10 mean buttock at stern) muliplied by

AV
4, = Draft coefficient at rest, aft; cquals draft at
0% L (measured from tangent to mean

buttock at stern) multiplied by A/
= Effective horsepower
Froude number based on volume,
= Acceleration due to gravity
Overall length of the arca A, measured pa-
rallel to baseline

Longitudinal center of gravity location

= Effective power, ft-lb/sec

Total resistance, Ib

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

Density ratio, salt water to fresh water

peed
v Speed, knots
Density of water (weight per unit volume)

WL Intersection of chine with solid water, for-
ward of 0% L, ft

WLy Wetted length of keel, forward of 0 9 L, ft

WLy = Intersection of chine with spray, forward
of 0 L, fe

i Linear ratio, ship to model

a = Angle with horizontal of tangent to mean
buttock at stern, deg.

8 = Deadrise angle of hull bottom, deg.

A Displacement at rest, weight of

. = Trim angle of hull with respect to attirude

as drawn, deg.
Displacement at rest, volume of

Subscripts

M, m = Model

s Ship

o = Value at rest
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