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By Kenneth 5. M. Davidson and F. W. S. Locke, Jr.
SUMMARY

The main purpose of this report is to present the
results of "general" tests on the hydrodynamic character-
istics of four related flying-boat hull nodels of differ-
ing length-beam ratio,

Evidence available before the work was started in-
dicated that length-beam ratio had important effects on
resistance and suggested that it might have important ef-
fects on most of the hydrodynamic characteristics. .The
Present investigation accordingly included consideration
of five different characteristics, in an effort to gain
bperspective and to determine which characteristic were
governing., The following were studied:

(a) Resistance

(b) Porpoising

(c) ilain forebody spray blister

(d) Bow spray in rough water (windshield wvetting)

(e) Yawing stabdility near hump speeds
The tests were made by methods described in previous re-
ports of the Stevens Experimental Towing Tank, and covered
ranges Of load and speed which an earlier analysis of

Past practice had indicated to be of interest from a prac-

tical point of view; wvalues of C and C vere
By vG
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progressively increased as the length-beam ratio was in-

creased. The results are presented in terms of the usual
NACA nondimensional coefficients, which facilitates their
application in analyses or comparisons of different sorts.

Two comparisons are presented to show the significance
of length~beam ratio under a given relationship of load to
speed, one (fig. 2) for models having the same plan form
area and the other (fig, 3) for models having the same beamn.
These comparisons, for reasonably high beam loadings on the
basis of current practice (Cp_ = 1,00 for I/b = 6.,19), in~
dicate a general improvement in the hydrodynamic character-
istiecs with increase of length-beam ratio, if not carried
tolonfar,

INTRODUCTION

The ratio of length to beam is obviously a major con-
sideration of proportioning in the design of any type of
il

The flying-boat hull is a special type of hull, which
ordinarily has been viewed as primarily a planing hull,
and only secondarily as a displacement hull., In a planing
hull, the emphasis has usually been placed on beanm (and
dead rise); within reason, the length of a planing hull is
relatively unimportant while the hull is planing. The
length becomes of major importance only at low speeds, be-
fore planing has been established, where it can affect the
performance materially; it also controls the static flo-
tation., Thus, broadly speaking, the choice of the length
and the choice of the beam of a flying-boat hull are gov-
erned by different considerations. But, once both have
been chosen for a particular case, the result is a fixed
hull of given length and given beam, and it is necessary
to view this result in over-all fashion, considering both
planing and displacement speeds; it is proper, also, to
investigate the over-all effects of altering the ratio be-
tween length and bean,

It may often be desired to evaluate the effects of
altering length on a fixed beam, or of altering beam on a
fixed length, 1In both cases the length-beam ratio will be
changed. But it will be clear that if the same change of
length-beam ratio is made in both ways, the resulting
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Constant beam

|_-—--- -

Constant length

Constant plan form area

Hote:
Comparisons on the basis of Constant Plan Form

Area are believed to eliminate most nearly the effects of

differences of size. A comparison of this type, for
typnical conditions of load and speed, is shown for the
rodels here considered, on Fig, 2,

An additional commarison is included on SR S
to bring out differences resulting from a failure to
eliminate size as a factor. This comparison, for the
same models and loading conditions, is on the basis of
Constant Beam; a comparison on the basis of Constant

Length would have served the same purpose.

Figure 1.- Changes of length-beam ratio.
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hulls are certainly of different size, whatever reasonable
definition of size is adopted. (See fig. 1 on p. 3.)

Changes of size, under the same conditions of load
and speed, are well known to affect the hydrodynamic char-
acteristics., Hence the true influence of length-beam
ratio as such will not be brought out if changes of size
cannot be eliminated. This is not an entirely straight-
forward matter, since size can be defined in various ways.
However, the definition recently used by Bell (reference
1) is an entirely reasonable one, and certainly better
than most others. According to this definition, two
hulls of differing length-beam ratio are said to have the
same size when they have the same plan form area, L X by

If the foregoing definition of size is adopted, the
Problem of determining the true influence of length-beam
ratio, apart from the influence of size, is reduced to
that of comparing the hydrodynamic characteristics of
hulls of differing length-beam ratio which have the same
L X b product, under the same conditions of load and
speed, When this is done, the load per unit plan form
area remains fixed; the values of CAo increase, however,

with increasing values of L/b, +the relationship being

/
C proportional %o (L/b)3 . (1)

bo

A recent analysis (reference 2) has indicated that an
average of actual practice in the past, including both
flying-boat hulls and seaplane floats in a wide variety
of sizes and designs, is tolerably well represented by
the relationship

Liv = B.om B T
@)

which can be written

3
CAo proportional to (L/Db) (2)

in which form it is directly comparable with equation (1)
and shows that, in fact, the beam loading has been allowed
to increase with increasing values of L/b at a rate con-
siderably faster (third power) than that corresponding to
constant load on a given plan fofm area (three-halves
power). Bquation (2) may perhaps rest upon somewhat too
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broad a range of types and designs for present purposes.
There is nevertheless the clear implication that the hy-
drodynamic characteristics must have been found to be in-
herently improved by increase of length-beam ratio; other-
wise, it is difficult to see how the higher loading could
have been acceptable. This implication was emphasized in
laying out the test schedules for the present investigation,

The major purpose of the present investigation was to
provide comprehensive hydrodynamic data for related models
of differing length-beam ratio; es a basis for analyses or
comparisons of whatever type desired. An auxiliary purpose
was to study the question brought out in the foregoing dis-
cussion; namely, the rate 2t which the loading per uunit plan
form area may successfully be irncreased as the length--beam
ratio is increased, For the first purpose, the experimental
data are presented in general form, in terms of the usual
NACA nondimensicnal coefficients. As a start toward the
second purpose, two representative comparisons are presented
of selected models, to show the influence of length-beam
ratio under fixed loading conditions.

Previous experimental investigations of the effects of
altering length-beam ratio have been reported in:

U.S:E,M,B. Report No, 51 and reference 3 and 4 (1922,
1934, and 1937, respectively), which are concerned
primarily with resistance characteristics

Reference 5, June 1943, which considers resistance and
porpoising

Reference 1, Qctober 19M3, which considers resistance
and spray

Reference 6, December 1943, which considers the spray
at the bow nt low taxying speeds in waves (windshield
wetting)

Reference 7, November 1943, which considers spray

The present investigation was conducted at the Stevens
Institute of Technolcgy, Except for the work on bow-spray
characteristics, it was conducted under the sponsorship of,
and with financial assistance from, the National Advisory
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Comnittee for Aeronautics. The bow-spray work in rough
water was carried out for the Bureau of Aeronautics, Navy
Department, but a summary of the results has subsequently
been published by the NACA. (See reference 6.)

SCOPE OF THE EXPERIMENTAL INVESTIGATION

Four models were used:

L/b 5,07 6.19 T+32 g, 45

e e e e ———

Model No. 339-22  339-1 339-23 339-lg

The parent for the series was Stevens Model No. 339-1,
which had the lines of the XPB2M-1l., The other three mod-
els were derived systematically from the parent; the rel-
ative length-beam ratios are

The first three models were previously used for resist-
ance and porpoising studies reported in reference 5; all
four models were used in the studies of bow spray in
rough water reported in reference 6.

The following characteristics were investigated:

(a) Resistance, over the entire speed range to get-
away

(b) Porpoising and trimming moment, at planing speeds

(c) Main forebody spray blister, at speeds up to and
including the hump

(d) Bow spray, in rough water at taxying speeds

(e) Yawing stability, at speeds up to and includin
the hump

In each instance, the tests were made by "general! methods
and in accordance with the usual procedures at the Stevens
Experimental Towing Tank, as described in previous reports.
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Ranges of loading coefficient and get-away speed co-
efficient for the several models were selected from the
analyses of past practice discussed in reference 2. These
appeared to be the best information available at the start
of the investigation, and it was considered necessary to
restrict the breadth of the testing in some fashion, in
the interests of economy of time, The pertinent charts
from reference 2 are reproduced here on figure 10, from
which it is seen that the ranges of load coefficient var-
ied in general accordance with equation (2) on page 4.

The approximate test ranges selected are indicated on
these charts; the actual ranges used are listed below,

L/v 5.09 8,29 7«32 8,48
High 0,80 1.40 2.00 3,20
Teames ok g . Lew AD .48 1.00 1.980

High* 10,0 12.0 13.6 16,0

Ranges of Cy Eov 5,4 6.2 2.4 8,6

G

It will be seen that the ranges for each successive model
overlap those of the preceding model.

The bow-spray tests were run at one speed, OCy = 1,05,

with three sizes of waves, having lengths of 6, 4, and 2
beams, all with a length-height ratio of 20, ZFor each
model at each vave size, the runs were made at loadings
from C) = 0.60 up to the load coefficient at which the

model swamped and sank,
MODELS

Thebhull of the XPBR2l-1 was selected for the parent
model of the series, primarily because of the large back-
ground of experience with this form, and with various

*These values are nominal. Limitations of the test-
ing facilities prevented reaching the maximum values of
CVG desired. They were therefore simulated by appropri-

ate changes of load in combination with the maximum value
of Cyq attainable.
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types of systematic modifications of it, already avail-
able at *he Stevens Experimental Towing Tank. (See ref-
erences 5, 6, 8 and 9.)

The models were built to the same beam, and the same
body plans were used for all four models; these are given
on figure 5i, at full size for the models,

The length was altered, thereby altering the length-
beam ratio, by applying a constant multiplier to the sta-
tion spacing of the parent model, The forebody sections
were shifted in or out along lines parallel to a tangent
to the forebody keel at the main step, and the afterbody
sections were shifted along the afterbody keel., This pro-
cedure kept the step height and the afterbody angle fixed
for the series, thereby eliminating two variables known
from previous work (reference 5) to have major influences
on the hydrodynamic performance in their own right, and
obviously extraneous to an investigation of length-beam
28,610,

No attempt was made to eliminate changes in varia-
bles resulting directly from expanding or contracting the
lengths of the forebody and afterbody. In this connection
it is worth noting that the parent form has a slightly
warped forebody bottom in the vicinity of the main step.
The amount of the warping was automatically altered in
direct proportion to the changes of length, and since
forebody bottom warping is known to have an independent
effect of its own, the changes which occurred in this
instance, though small, may have had some effect on the
results.

The distance from the main step to the rear gun tur-
ret was held constant, thus allowing considerable changes
of length in the region between the sternpost and the
turret. The character of this region was preserved as
far as was practicable, and the height of the turret was
adjusted slightly as seemed desirable to insure clean
1ines,

Profile drawings of the four models; at reduced
scale, are given on figure 6; pertinent particulars and
specifications are on page 26,

For the studies of bow spray in rough water, the
forward part of each forebody was a complete representa-
tion of the hull; that is, the nose and windshield were
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reproduced. The windshield was located the same distance
aft of the forepoint and the same distance above the tan~
gent to the forebody keel at the step in all cases.
Sketches of the profiles are included on figures 7 and 8;
further details will be found in refereunce 6,

APPARATUS AND PROCEDURE

The various pieces of test equipment used for the
experiments herein reported have been described in previ-
ous reports of the Stevens Experimental Towing Tank with
the exception of the apparatus for general porpoising ex-
periments,

The reported resistances include the air drag
of the model; the air drag of the apparatus with no
model in place has been subtracted.

The equipmen® for measuring the forebody spray
blister is described in reference 8,

The equipment used to photograph the bow spray
in rough water is described in reference. 6,

The apparatus for determining yawing stability
is descrivbed in reference 9.

The apparatus for general porpoising tests is an
adaptation of the apparatus used for specific porpoising
tests, and described in reference 5, with the hydrofoil
system removed. Changes of load are accomplished by means
of weights so arranged that there is no alteration to the
mass in vertical oscillation when the model is loaded or
unloaded, or during porpoising., A photograph of this ap-
paratus is on figure 9.

The detailed procedures tsed in the various experi-
ments are described in the same references in which the
pieces of test equipment are described, No new procedures
were developed for the work herein reported.

The center of gravity was located the same distance
ahead of the step and the same distance above the keel in
all four models., The location chosen was based on the
findings of reference 10, to provide suitable moment-trim
relationships in the planing range. The values used were:
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Center of Gravity Location

35 percent of bean forward of main step
90 percent of beanm above forebody keel

For the general Porpoising tests, fixed values of
the mass in vertical O0scillation and the longitudinal
radius of gyration were established, The first of these
was based upon the relationship for gross load used %o
determine the test ranges of loading for the various wodels.,

/3 \

L/b = 6,05 CAo (see p. 4 and fig, 10)

transformed to
3

mo=p (6}25) (2)

where m is the total mass in vertical oscillation. The
second was based upon the relationship

k = 0,225 I (2)

where k 1is the radius of gyration., Both these relationg
are discussed in reference 100

The tail damping was limited to 0.25, one of the

three values of the dimensionless criterion M%/E ¥
2

discussed in reference 10. The use of a single value for
all four models means that, in effect, the tail area and
the length (its distance from the c.g.) were considered
to remain fixed when the hull length was altered with
beam constant,

The over-all accuracy of the results can best be
Judged by the scatter of the test points on the various
charts. It is believed that individual measurements were
made to within the following limits:

Resistance (at displacement speeds), pound , . . . 0,03
(at planing speeds), pound . . . . . . 0,08
Trim (during resistance teatel, Gme . . 0 Lo DB
(during porpoiging tests), dRE . ¥ . & . . +0.3

Yaw angle, deg ... .. R R E MO R S DR R R R oy L
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Trinming moment, inck-pound . . . . . . . . . . . *#0,2
Yawing moment (except in regions of dis-

gontinuity ), dingh-pound . ¢ . . . = o4 s s s s £0,1
#phray. dimenslons, ineh ., . . . . s ko4 x o n w w *1/2

PRESENTATION OF TEST RESULTS

The results of the tests are preseated in terms of
the usual NACA '"C! coefficients:

Load coefficient C, = a/wp®
Speed coefficient Cy = N/
Resistance coefficient Cp = R/wb®
Trimming moment coefficient Cy = M/wbé
Yawing moment coefficient CKW = Mw/wb4
Draft coefficient Cq = a/b
Length/beam ratio L/

where

A load on water, pounds

w specific weight of water, pounds per cubic foot

(62.83 for Stevens)
b beam at main step, feet
v speed, feet per second

acceleration of gravity, feet per second per second

04

R resistance, pounds

M trimming moment, pound-feet

Mw vyawing moment, pound~feet

a draft of keel at main step, feet

L length of hull from forepoint to sternpost, feet
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Moment data are referred to the center of gravity,
and water trimming moments which tend to raise the bow
are considered positive. Water yawing moments which tend
to rotate the bow toward the starboard (right) are con-
sidered positive. VYaw angles to starboard are considered
positive,

Trim (T) is the angle between the tangent to the
forebody keel at the main step and the horizontal.

Yaw (Y) is the angle between the center line of the
hull and the course, measured in a plane parallel to the
still-water surface.,

Resistance

The resistance tests were in two groups: free-to-
trim at displacement speeds, and fixed trim at planing
speeds.,.

Figures 11 to 14 show free-to-trim resistances and
trim angles over the range of displacement speeds. There
is one chart for each model, giving Cp and T against

Cy, with O©Cp as parameter.

Figures 15 to 3l show fixed-trim resistances and mo-
ment characteristics at planing speeds. There is a group
of charts for each model, each chart relating to a dif-
ferent value of Cy, and showing Oy against T with
Cph and Cy as parameters. The method of plotting is
that developed by Dawson, (see reference 11.) Trim
limits of stability, taken from the charts listed in the
following paragraph, also are shown.

Porpoising

Figures 32 to 35 show trim limits of stability for
the planing range, in the condensed form of plotting dis-
cussed in reference 10, There is one chart for each mod-
el, giving trim limits against vfﬁzyﬁv. Contours of con-

sbant CH alse are shown, The trim limits are consist-

ent with those on the resistance charts for the planing
range, listed in the preceding paragraphs,.
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Main Forebody Spray Blister

Figures 36 to 39 show measurements of the location
of the peak of the main forebody spray blister, in the
form of plotting discussed in reference 8, The position
of the blister peak is given with respect to the model,
as a function of Cp and OCy. There is one chart for

each model,

Bow Spray in Rough Water at Low Speed

Figure 40 shows photographs of the worst spray con-
dition at the bow during the course of a cycle of wave
encounter, as selected from a series of exposures taken
at the rate of 60 per second and covering several cy-
¢les. This chart, for the largest of the three wave
sizes covered in the tests, shows the spray in the free-
to~trim condition for three values of Cp,, and at the

one value of Cy selected as representative of the worst
condition.

The series of photographs on figure 40 is only part
of a larger series, reported in reference 6, in which the
loading was progressively increased from Cap = 0.60, un-
til the spray conditions became so bad that the model
swamped. The highest loadings at which each model stayed
afloat are given in the following table:

L/v 5,07 6.19 7.32 8.45

Directional Stability

Figures 41 to 44 show diagrams of yawing moment CMW

against yaw angle VY, grouped to bring out the functional
relation of the yawing characteristics, with CA and Oy,

in the free-to-~trim condition at displacement speeds, where
yawing is usually of most importance. This form of pres-
entation is discussed in referenece 9 . There is one chart
for each model,
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The term "hooking!" is used on these charts to de—
scribe the condition in which the unstable slope of the
yawing moment curve is so steep at small yaw angles as to
constitute, in effect, a discontinuity, Very rapid yawiag
or hooking, may occur in the flying boat, and the unstable
moments are so high that even unbalanced power ma; be insuf—
ficient to counteract them unless very rapidly applied at
the first sign of yawing,

’

COMPARISONS BETWEEREN MODELS

Use of the usual NACA "C" coefficients to present
the test results conforms with common practice in report-
ing tests on flying-boat hull models and permits direct
comparisons with the results of tests on other variables,

It should be noted that, because the characteristic
linear dimension in the NACA coefficients is the bean,
the use of these coefficients means that, in effect,
hulls of differing length-beam ratio are compared on the
basis of equal beam and differing length, The charts of
test results enumerated in the preceding section can
therefore be used as they stand to evaluate the effects
of altering length on given bean.

The effects of altering beam on given length can be
evaluated by entering the charts of test results with the
following relative values, where the parent model
(L/b = 6.19) is considered as the basic starting point.

Length Constant

L/ 5.07 6.19 7.32 8.45
1 (percent) (percent) (percent) (percent)
Beam, b 122 100 8L.6 73.3
Cp (for constant A) 55 100 165 254

Cr (for constant R) 55 100 165 254

Cy (for constant V) 90.5 100 109 117
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Similarly, the effects of altering length-beam ratio
with constant plan form area can be evaluated by entering
the charts with

Lengtli-Beanm Product Constant

L/v 5.07 6.19 7.32 8.u45
ok (percent) (percent) (percent) (percent)
Iy o 100 100 100 100

L 90.5 100 109 1L

b 111 100 92 85.5
Cp (for constant A) Th.2 100 128 160

Cr (for constant R) 4.2 100 128 160

Cy (for constant V) 95.2 100 104 108

As is pointed out in the Introduction, comparisons
on the basis of constant plan form area are believed to
eliminate most nearly the effects of differences of size
and, therefore, to provide the best indication of the in-
fluence of length-beam ratio alone., Accordingly, a com-
parison of this type has been worked out from the charts
of test results and is presented on figure 2. '

A second comparison, but on the basis of constant
beam with varying length, is included on figure 3 in
order to bring out differences resulting from a failure
to eliminate gize changes. The introduction of a third
comparison, on the basis of constant length with varying
bean, was considered, but decided against on the ground
that it would merely illustrate another way of introduc-
ing size changes, and therefore not add materially to the
discussion at this point.

Each of the two comparisons shows the hydrodynamic
characteristics of particular models, having the four
length-beam ratios considered in the investigation, com-
pared under fixed conditions of load and speed. The same
load~speed relationship is used for both comparisons, and
the parent model (L/b = 6,19) is identical in size in both
cases, The data are given at model size, and various
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rarticulars for the several models are listed on the
sheets. Data are given, or referred to, for each of the
five characteristics covered by the investigation,

With reference to either of the comparisons (fig. 2
or fig, 3) it may be said that, to a first approximation,
increasing the length-beam ratio -

(a) Helps the hump resistance and trim, but shifts
the hump to higher speed.

(b) Helps the high-speed resistance.
(¢) Injures the stable range of trim ancles.
(d) Lowers the height of the main spray blister.

(e) Reduces the bow spray at taxying speeds in
rough water.

(f) Injures the vyawing stability slightly, though
not materially altering the speed ranges
for the various types of yawing stability.

The first two of these conclusions are the same as were
reached by Bell, Garrison, and Zeck, in reference l.

At first glance, the differences between the two con-
Parisons may not appear very striking, This is perhaps
fundamentally because, from an abstract physical point of
view, the over-all range of change of the length-beam
ratio was not very great., From a practical point of view,
however, the range of change was considerable, and the
differences between the comparisons are important, Thus,
when the length-beam ratio is increased, it is seen that
in the second comparison (beam constant) as compared with
the first (plan form area constant) -

(a) The improvement in hump resistance is greater.
(b) The improvement in high-speed resistance is less.

(¢) The injury to the stable range of trim angles is
less,

(d) The lowering of the main spray blister is greater.
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(e) The reduction of bow spray is materially greater.

(f) The injury to the yawing stability is a little
less.

A more detailed study of the comparisons seems to
indicate with some clarity that, for the loading condi-
tions represented, a2 length-beam ratio of 5,07 is too
small, and a length-beam ratio of 8,45 is too large.

This statement is based upon the appearance of abnormal
trends in the principal characteristics, resistance, trim
limits of stability, and main-spray-blister height., Spe-
c g eailly,

With L/b 5.07, the resistances and the main spray
blister increase abnormally,

i

With L/b = 8,45, the stable range of trim angles
diminishes abnormally,

The other two characteristics, bow spray and yawing sta-

bility, while probably of seconéary importance, neverthe-
less do not offer contradictory evidence in this connec-

Bdon,

Suppose, now, that the parent hull were increased in
length~beam ratio, from its actual value of 6.19, to 7.32
or thereabouts.

(1) If the plan form area were held constant (bean
diminished) - ;

(a) The hump and high-speed resistances would
be decreased,

(b) The lower limit of stability would be
raised.

(c) The spray blister height would be largely
unaffected.

(2) If the plan form area were increased (beam con-
stant) -

(a) The hump resistance would be a little
lower than before, and the high-speed
resistence a little higher.
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(b) The lower limit of stability would not be
raised as much as before.

{(c) The spray blister height would be lowered,
DISCUSSION

In appraising the results of a study of the present
type, the manner in which the changes of the variable
under consideration are effected in the models has an
important bearing. The aim must be to avoid changes of
other variables, as far as this is practicable, 1In the
present instance, it is believed that by avoiding changes
of step height and afterbody angle, the largest of the
extraneous variables whnich might otherwise have seriously
interfered with an adequate evaluation of the influence
of length-beam ratio have been eliminated, On the other
hand, changes resulting solely from the alterations of
proportion, and therefore the direct consequence of the
choice of parent form, have been preserved as legitimate;
they are believed to have been treated fairly in the meth-
od adopted for altering the length,

Length-beam ratio is a variable which differs from
most other variables characterizing hull form (such as
dead-rise angle, afterbody angle, etc.) in that, unless
special precautions are taken, its effects are likely to
be confused with the effects of changes of size, The
precautions taken herein, of introducing a comparison of
hulls of differing length-beam ratio on a basis of con-
stant plan form area, is believed adequate to avoid con-
fusion on this point,

The two comparisons of specific hulls actually car-
ried through on figures 2 and 3 give an ever—all picture
of the influence of length-beam ratio, with and without a
change of hull size (as arbitrarily defined), for loading
conditions approximating those of current practice. These
comparisons are indicative, but they make no pretense of
covering all the ramifications which alterations of length-
beam ratio may involve, or of being conclusive in them-
selves, In particular, they do not delineate clearly the
rate at which the loading may be increased with increase
of length~beam ratio, or the maximum loadings possible,
They are thought to provide a suitable pattern, however,
for a more extended series of comparisons aimed at clarify-
ing these matters more fully,
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The data on page 13, from the tests for bow spray in
rough water, afford direct evidence regarding maximum pos-—
sible loadings. It is seen in the following table that
the values of Cp Jjust prior to swamping are well ex-

pressed by the equation

e = X (L/b)e (5)

where K has a mean value of 00,0546

L/v 5.07 6.18 7.82 8,45
Cp 1.40 2.20 3.00 3.60
max
A
B ow wlh. 0545 . 0574 . 0560 .0504
(L/v)?

The preceding equation has the same form as the
equation adopted by Parkinson in reference 7 in discuss-
ing spray, except that it uses the total length L in-
stead of the forebody length Lf. Since the ratio of

L¢/L for the present series of models is 0.556, the

equation

0,0546 (L/b)? (6)

Ca

max

becomes

0.1760 (Lg/b)”> (7)

1}

A
Smax

when (Lf/b)2 is substituted for (L/b)z. The 0.1760 con-
stant for maximum possible loading is some 2,5 times as
large as the constant of 0,0675, recommended in reference
7 for "satisfactory" spray characteristics in normal serv-
ice., Apart from all questions of the exact value adopted
for either constant, however, the fact seems clear that
the beam loading can be increased as the square of the
length-beam ratio, whichever condition is under considera-
tion.

In further comparative studies along the lines of
figures 2 and 3, it is believed practical to consider
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only what have been referred to in this report as the
"principal" characteristics: resistance, porpoising, and
the main spray blister, The problem is, essentially, to
find the influence of length-beam ratio, size, and load-
ing, on these characteristics. Previous experience has
indicated that undesirable bow spray or yawing character-
istics can usually be corrected independently, by rela-
tively small local changes which do not appreciably alter
the principal characteristics,

Practically all the necessary data for further con-
Parative studies are available in the charts of test re-
sults on figures 11 to 39, The only reservation is that
since the test ranges for the several models were laid
out in accordance with equation (2) on page 4, as previ-
ously explained, the values of Cp for low-speed tests

at the larger values of length-%eam ratio may sometimes
be found to be on the high side. ¥

It has been pointed out that desirable values of the
length-beam ratio, as indicated by the present investiga-
tion, appear to lie between the two extreme values tested,
The lowest value tested, 5.07, fails largely through its
excessive resistance and forebody spray; the highest val-
ue, 8,45, fails because of its abnormally narrow range of
stable trim angles, the cause of which is not very clear,
but may perhaps be laid in part to the test procedure,

As noted on page 9, a constant mass was used for each
model in the general porpoising tests, this mass being
proportional to the cube of the length-beam ratio in con-
formity with the test ranges of Caoo. Thus, with the

radius of gyration proportional to the length, the moment
of inertia increased as the fifth power of the length-
beam ratio, Since, in the light of the test results in
general, a rate of increase of loading in proportion to
the cube of the length-beam ratio now appears to be higher
than is practicable, the rate of increase of mass and mo-
ment of inertia actually used probably was excessive.

The effect of the moment of inertia on the stability lim-
its previously has been found to be small (referencesiiand]ﬁ.)
but the changes of moment of inertia involved in the pres-
ent instance are much greater than were previously con-
sidered, and may have had more effect,

Should further study indicate distinct advantages

*The charts in the appendix help to overcome this
difficulty.,
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for the largest length-beam ratio (8.45) from points of
view other than porpoising, it is possible that additional
porpoising tests, made with lower mass and moment of iner-
tia, might show an improvement in its porpoising charac-
teristics. Further consideration might well be given, at
the same time, t0 the value of the pitch-damping rate,
which, in the present tests, was held the same for all
four models., Reference 10 may be reviewed in connection
with the mass, moment of inertia, and pitch-damping rate.

It is important to keep clearly in mind that the
present investigation refers to altering the length-beam
ratio in a very specific way - namely, by expanding the
forebody and afterbody lengths in the same ratio and with-
out changing step height or afterbody angle., Since the
functions of the forebody and the afterbody differ in im-
portant respects, their respective lengths have certain
more or less independent effects on performance. Thus,
when the two lengths are altered in direct proportion to
each other, the resulting performance is bound to reflect
the combined influences of both alterations. For example,
referring to the comparison on figure 3, it is thought
that the progressively lower hump resistance obtained
when the length-beam ratio is increased, is largely at-
tributable to the longer afterbody rather than to the
longer forebody., Similarly, the failure of the greatest
length=beam ratio to continue the downward trend in plan-
ing range resistances probably is attributable to greater
wetting of the longer afterbody. On the other hand, the
strength of the present study is that it permits a visu-
alization of the over-all consequences of the simple,
specific change to which it refers,

CONCLUDING REMARKS

The test results herein presented provide the neces-
sary material for studies of various types aimed at clar-
ifying the significance of length-beam ratio from a hy-
drodynamic point of view.

On the basis of the family of models investigated,
and the loading conditions used in the comparisons on
figures 2 and 3, the following conclusions are indicated:

(1) If the plan form area and the loading conditions
are held constant, increasing the length-beam ratio -
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(a) Helps the hump resistance and trim, but
shifts the hump to higher speed.

(b) Helps the high-speed resistances.
(c) Injures the stable range of trim angles.
(d) Lowers the height of the main spray blister,

(e) Reduces the bow spray at taxying speeds in
rough water.,

(£f) Injures the yawing stability slightly,
though not materially altering the speed
ranges for the various types of yawing
stability.

(2) If the beam and the loading conditions are held
constant, then, compared with the foregoing case -

(a) The improvement in hump resistance is
- greater,

(b) The improvement in high-speed resistances is
‘ less,

(¢) The injury to the stable range of trim angles
is lesso,

(&) The lowering of the main spray blister is
greater,

(e) The reduction of bow spray is materially
greater.,

(f) The injury to the yawing stability is much
the same.

(8) It seems clear enough that the beam loading can-
not be increased as rapidly as in proportion to the cube
of the length-beam ratio (equation (2) on p. 4) without
important sacrifices in respect to one or more of the
principal hydrodynamic characteristics: resistance, por-
Poising, or main spray., A rate proportional to the square
of the length-beam ratio, as discussed on page 19, appears

¢ to be more nearly the maximum possidble,

| Experimental Towing Tank,
Stevens Institute of Technology,
Hoboken, N. J., April 24, 1944.
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APPENDIX

METHOD FOR PRESENTING THE PRINCIPAL CHARACTERISTICS

OF INDIVIDUAL MODELS IN CONDENSED FORM

The purpose of the appendix is to present a condensed
form of report on the principal characteristics of individ-
ual models,

Each of figures 45, 46, 47, and 48 shows the test re-
sults for resistance, porpoising, and main-spray-blister
height, for one model:

The main spray characteristics are shown at the top
in the same form as on figures 36 to 39,

The free-~to-trim resistances and trims for the lower
half of the take-off speed range (in what has
been called the displacement range) are shown in
the middle of the sheet in the collapsed form of
plotting discussed in reference 12,

The stability limits and moment characteristics for
the planing range are shown at the bottom in the
same form as on figures 32 to 35, Contours of
resistance at planing speeds are superimposed as
discussed in reference 12,

These condensed reports are believed to have a great
advantage in that they condense onto one sheet all the
pertinent information on the principal hydrodynamic char-
acteristics of a given hull form, It is hoped that they
may be used in something like the same fashion as an air-
foil polar diagram and that, when they become available
for a larger number of hull forms, they will provide the
designer with a simple tool for comparing hull lines.
They represent a coordination of developments toward this
end which have been in progress at the Stevens Experimen-
tal Towing Tank for several years; they constitute the
next step following the work in reference 12, Some fair-
ing is necessarily done in their preparation,

In connection with the present investigation, the
charts may be used to advantage in extrapolating for loads
outside of the test ranges,
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TABLE I

PARTICULARS OF i{ODELS

L/v 5,07 6,19 7.38 8.45
Stevens liodel Yo. 339-22 339-1 339-23 339-46
Beam at main step, in. . - 5.40 5.40 5.40 5.40
Hull length, forepoint to sternpost, in, . 27:37 33,456 39,53 45.61
Forebody length, in. . . e oo osoeo. AB.ERL 18060 21,98 25,36
Afterbody lemgth, ins « . ¢« « . « . . . « 12:,15 14.85 17.55 20.25
Shep helpht, in. ...... e s o o w e woe v ORBT  GeET 0,07 Q.87
Afterbody angle, deg . . . S e 720 0 70 Hiwh)
Dead rise at keel at main step, deg , . » 050 EOI0 20.0 20.0
Forebody length/beam 2.88 2444 4,07 4,7
Afterbody length/beam . cow b on s obe, Hall O2F5 B05 395
Step height, pereent D . + « « & 4+ « & 5.0 5.0 5.0 5.0
Sternpost angle, deg R Be29 8300 WS 7.50
Forebody warping, deg/b R 28 e’ 1.4 1.2

For the general propoising tests, mean values of the
mass in vertical oscillation and of the moment of inertia
were established and used throughout. These were based on
equations (3) and (4), respectively, on pagelQ, and are
shown below:

P T S W
o 0.59 1.07 1.77 2.72
I, BH-BB.® 2+ o s s« « s v s e s 1607 38 213 - 1658

All trim angles measured relative to the tangent to
the forebody keel at main step.
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NACA ARR No. 4FI5 Fig- 40

EFFECT OF CHANGES OF LOAD
AND LENGTH-BEAM RATIO ON
BOwW SPRAY IN WAVES
OF H=0.3 beam AND L=6.0 beam

Cv=1.05

0.80 .00

L/b»=5.07
MODEL 339-22

L/b=6.19
MODEL 339 -|

L/b=7.32
MODEL 339-23

L/b=8.45
MODEL 339-46

Figure 40




W-105

NACA ARR No. 4FI5

YAWING CHARACTERISTICS
FREE-TO-TRIM

L/b = 5.07

EXPERIMENTAL TOWING TANK
STEVENS INSTITUTE OF TECHNOLOGY

0.5Q

SPEED COEFFICIENT, Cy

Figure 4l

C.G.= 3506 apove reer. HOBOKEN. N.J.
L iy ! i Ca
t f + r
-+- [ =4 + \-' + - +——+- [ o +—4——to
o [ o2 | y o —5 L 4
§ POSITIVE| STABILITY =
4‘0.20. = 1 *
gk AF :\f\ il
e 8 i B0 A L M A / F s 0.30
; R v by 3
£ r N} n : i
L -10 PoRT SWBO‘Z‘:‘ ; { : & ]
YAWING ANGLE, DEG. ~ HOOKING —
; i : /
s > E.,\.\ e / = > - + 070
ISERNIE A
UNSTABLE 5 ' ¥ Vit NEUTRAL [STABILITY
= 5 _ |
P e o 90 5 Rk PPNy 0.60
t E L t
: el Ly | |
L. / / L | - g
: P %gj
el =3 b § . 0.50
. e i G - 3
' -02§
-OpoRT STRD.HO >
YAWING ANGLE, DEG.
o40 | 4 .| S 54 " ] 0.40
] e - 0 i o 0 L ln L L 1»
105 .42 .86 2.02—Cy—2.I7 2.32 2.48 279 3.09
10 5 20 Zdlo) 30




W-105

NACA ARR No. 4FI5 Fig.42

L/b=6.19

~
_____

YAWING CHARACTERISTICS EXPERIMENTAL TOWING TANK
FREE-TO-TRIM STEVENS INSTITUTE OF TECHNOLOGY
GG, = 0% v ox s> HOBOKEN, N.J.

0.90b ABOVE KEEL

Ca ] - T C C Ca

2k il ll

Eu‘r,'a., :

i

AEABE i
[
e
g
%(<<<
»

STBD. ¢

1.40 S

i

PORT
YAWING

.

~g
3
-

7 I3 o + 4
1 ' P
1 ! -
e A Vol A AR P DR 6 DR 1.40
# + 4 4
[ ‘ P
L L /5
L s jra
/ /
’
B b

| 6 53 W D

1
7
=

(=)

=l0poRT { sTBD.*
YAWING ANGLE, DE

=
<
l
= o
o -
(o]
2
=
@

2]

POSITIVE STABILI

<

oL T = :\V 4

3 + s + - .
' I /4

I.ZO ot o - w0 s ‘T"J / Bt Aty ‘L\l; 3 LA, i '.20

A f g ot 1 i \ ; m ja y i j =]

/ - ~N / ' ;

4 — ! » / -

' [ / r

L. 0 0 4 L J C: % L] o L J

UNSTABLE | . 5 . =

7

r [ i Ak L ! ~ J
- ’ ' =3 1
- - S . & : e T s I Y e o SRS IR 1 I T R T TR 1.00
3 ! s ’ L A i
2 ' ’j ’

=
i1 |
g
\J
/
1'/
A

NEUTRAL
STABILITY

-+

YAWING MOMENT, Cos,

0.80

0.80 e ot ‘ —+ \.A’A

aian : 'F ﬂ 4 vg aie
A | [ 5 | [ : /f/7'
i L

0.60 s D ; a0 R ey H st \ ; /L\ Bt e 0.60

= i
’

SN
2

4
S porT { sTBD. S

OporT f'sTeD 10
YAWING A

h
8

.44
N

—

o t 5 [ g o o \/ i \/’I i
2 g ‘h 2 2 1 r t og [ 1 2 _jL,_
108 1.42 171 .86 202—Cy—2.I7 232 248 2.63 279 294 3.09
—_— oz, = s e 2=t e = = —_ e = = = e ot w =

|
10 5 20 25 30
SPEED COEFFICIENT, Gy

Figure 42




Fig.43

NACA ARR No. 4Fi5

Lib = 7.52

EXPERIMENTAL TOWING TANK

YAWING CHARACTERISTICS )
FREE-TO-TRIM STEVENS INSTITUTE OF TECHNOLOGY
HOBOKEN. N.J.

C.G.= 3%0 nsove keer § l@\

G - i . < 1 1 1 ,‘ 1 xS

200 - o i 97 : A i J ,f"l. / \ \ g l 1 J i .4 200
| | R A R R

- - . d
L [ L 3 [ h
L [ [ L L I ] 1 p
3 P e i - 5 L >t L L «
>
: ; it X

] % " <4 - - 1

[ & !

/

+ + 5 Bl e P ) IA e
+ ¥
7 J

P T
% \ ! \\> EPeo: 1.80

e

'/l/

Ay
T
N

[

2
ke’
-
&

0 poRT T STRD.H
YAWING ANGLE,

L

POSITIVE STABILITY ; k
[ ' ; e R T ) 1 \

g
[T
[ —
ges
e
e
a

* e i = . : et "HOOKING ' = 9
:: \ ‘\\Ill 1 1 : '{ y L i g %
40 = o 7 T A T SRR TR T 1 L L e ; 3 . WaN 1.40
IR TR s Rt AN .
e . : s ’ ™ i PoRTISTED IO >
YAWING ANGLE, DEG.

i NEUTRAL 1.20
£ STABILITY

H |
i
Ll
e

111
1
z
Lo
= o8
—

/2

1
9
1']//

T g4 : \{ ., :
' 1 P .E\,’\

5 N :
g % 4

AN \ " e 1o /L

t

,

e : 3 1 ;

108 : ' .86 202 BI7—C,—232  |~248 ‘868 Hfe - o9e :
20 35

SPEED COEFFICIENT, Cy ' ’

Figure 43

1.00

A
T

L

I
o
ol
(3]
(7]
Ha -
(o]

Ly
Hot

N

LLLLBLLL | g




NACA ARR No. 4FI5

YAWING CHARACTERISTICS EXPERIMENTAL TOWING TANK
FREE-TO-TRIM STEVENS INSTITUTE OF TECHNOLOGY
038b FWD. OF STEP . HOBOKEN, N.J.

C.G. = 0900 asove xeeL

C a i ] ; ¢
: 7 b o W ¥ :
ol , ‘ = . et s oad
| B » /'] TR G- B Rl PRl e i g
3.201 ol . :; o " i 4 Y Lt i e ; ‘ ‘ Tr L | i 3.20
] I S A I I N <31 M 14
4 -0 port 518D, *10 v o = e i ¥ " b 1 ; ; i 7
YAWING ANGLE, DEG. POSITIVE STABILITY HOOKING )
: ~\ Eldng [k ( [ o = Y7 T s :
2.80 oy rfL "2 L / ? \ | : } Rl 1"«» 1= \ |/ fj S ) 2.80
R R s T e 27 : )
. , . “ st ‘k = — {0 S S AR e g i B R
~ UNsTABLE : : : —] ‘ . -
L L $ /1 L = 1 M ]
o B UL AL AL g 2 SR AN S T R R TR
A. it AN - S WG sRE R N SRR
: = o 3 NEUTRAL | STaBiLITY|
t i t e PR EY 30 f r
S EEE TR R R = e JNCN |
' / - \/’ \ e ‘|‘ \ —l \ ] l \': | \\‘ } 57 N\ R t : Lgli
= : S e P60 ol TR o AL
o — - m oy e 7 : . Y : g
o0 | 3/ bl ] !r i \i o //"L 7 - ilz/ #oh. I iy 1 1 1.80
; R el e SR SANE JARY /
fos i gk AT RS R T T TR il SR Rl KR Saaes

i T
10 5 20 25 30 35
SPEED COEFFICIENT, Cy

Figure 44




NACA ARR No. 4F15 Fig. 45
RATIO OF 4 TO | s 5 O
BETWEEN L‘ / b - 7
SECTION DRAWING
AND PROFILE P MOgEL No. 339-22 (.G O-39b FWO.OF STEP
s ; MoDEL Beam: 5.40 "7 0.90b ABOVE KEEL
B e WHERE TESTED: S.IT. No.| TaNK  Ca, = 0.588 (NOMINAL)
STEP, BEAMS 500 DATE: 11-4-43 k/L= 0.225
BASE LINE
7-23-
” ENVELOPES OF FOREBODY SPRAY BLISTERS i
3 FREE-TO-TRIM, DISPLAGEMENT SPEEDS iy
| i ;
1 ,
| Ce=0.80_ ,Cy$3.00 a 7 P
e 7%\,\% ' (50 s Ca=0{80Ov"3-00
\%q‘l%‘éo ’ 200 75 N 200
040 S A oo 040\ b
DISTAXNCE AFT ?F STEP, BIEAIS i 15 > DlS'iANCE FR“IQ CEmERllLNE. ' ]
Te T T o T L T T
5b ab 3b 2b b 0 b 2b 3b ab  3b 2b ib
[Boon R I al o . Sl 1 ! T a2l |
; ; FREE-TO-TRIM RESISTANGE AND TRIM
o T S . e DISPLACEMENT SPEEDS J o
-0.07 \ ~ —lt—u—
i TRIM/
- 0.06 \ / : SN Car 210
N A il B = s soms e e %9 12
2 " /\/ S ] — — .68 o
0,08t S / .&'h ‘/AI// == —_— —ui-10
- | = —_— —— 30 i
= KB —=— 'l :
-004-¢ / sl 1 3
S % | Cs=][0.80 300
/ ﬁ/ 0.70! 3
Egoa—— 11— > < ~0.60 = :
e / i ]
==t "T\§
el |
L 0.02 = [0.50
T Ho40 =%
| 0.30 RESISTANCE
=/ T Tevan u
0 CHUNN S LS4 BUNIS B N6 T el 9l o) aiiiaiel i3 R4 Siaie R Tk int s
16 r l $h L 4143
|
!
—14 ;
12 gs- 070 0.60 0
" 3 %& ( UPPER LiM|T
.14 =
1008 0151 oM, e ?“ﬁ\/
wi <7 | AN
g : c../c,, s o] ‘o) 7%{// q ‘ o
r—a—f Al N ; T ,‘/ i 3 S— Cu»
s T = 20
——S—E LOWER LIMIT 009 N \1“ e -0.075
" pos f 7 s
el T 5
[ RESISTANGE, MOMENT, AND STABILITY CHARAGTERISTIGS haid = Ngoos E
PLANING SPEEDS N Q Sy t00Tse
Rt /S == +0.15
Ma/ V|'° 025 Va/es o 005 +0.30
038 030 0.25 0.20 0.15 0.J0 006

Pigure 45.




NACA ARR No. 4F15 Fig. 46

Ratio ofF 4 10 | -
r BETWEEN L / b 25 6 . | 9
SECTION DRAWING =
AND PROFILE R MoDEL Mo saeel (.G 035D FWo.0F STEP
MopDEL Beam: 5.40 0.50b ABOVE KEEL
STATION SPAGING A
. g WHERE TESTED: S.IT NO.I IaNK  Cy = 1.069 (NomiNaL)
A STee, Beaus %o - DaTE: 11-4-43 kL= 0.225
BASE LINE
| | R ENVELOPES OF FOREBODY SPRAY BLISTERS i
; e o FREE. T0- TRIM, DISPLACEMENT SPEEDS e
+ Ca 40\ G, 13.00
sido__ G300 | e
00—y .. 60\ 26
oF 6\\ £ g \\ 200
% O v 200 17 {
i T Qé' o 135 ]
DISTANGR AFT OF STEP, r‘% ) W DrsTANGE FRoy CnTERLIME, i
] —t — e : ~ : dooel
[ 5b 4b  3b 2b ) 0 1b 2b 3b 4b 3b 2b b
‘ L 0.09 It } I ] ) [ T [T T I | 7-3-43 |
[ STy FREE-TO-TRIM RESISTANCE AND TRIM
i L aos % i Dlm.mnwr SPEEDS =N
007 ‘ | | 14
- g STy
f 006 —F 120 Lie o
| \ 7 O g D a
005 d / s - = 10.60 i-10—
| 057¢ 7 = = = '
i "y % e\ V2 ,// 0 x—l—-‘
| 2 K e :
| ok 0o A N W / ln.oo o
7% AN T~ 0.80 ﬁ
|00l A 2 o
v RESITANGI 0.60
=l ‘ | 2—
| ' | /e
° o .3 4 8 6. 7.8 9 10 b2 13 00 A8 I8 apaias 4P
| 16 =2k
e M
- g Jo.\oe 007|006 / I
P - Yo Nl e 20 U 0.04
” 09 : ’
g 403 . 03  Cye
—10- —+ +£ -
g W17 77 7 "
" 2 ol6 015 D14 013 002 b L /]
—8-F R’I\ 0.5
\ = '\/a\/Cv | ’w = 0.
| . E LOWER LIMIT q}é( i
| 3
4 —RESISTANGE, MOMENT AND STABILITY CHARACTERISTICS L___s0078 5
PLANING SPEEDS 2~ _+0.15
. |2 Ma/ Vlf b4 =0.25 l e/ 004
| 038 030 025 020 __0Js 0.10 _0ps

Figure 46.




| i
NACA ARR No. 4F15

Fig. 47

RATIO OF 4 70 | L/b = 732
BETWEEN
SECTION DRAWING MODE! =
AND PROFILE L No. 339-23 G- 035D FWo.OF STEP
MODEL BEAM: 540 : 0.90b ABOVE KEEL
R e WHERE TESTED: S.LT NO.| TANK Gy, = |.770 (NOMINAL)
STEP, BEAMS Er ) s DATE: 11-4-43 k/L= 0.225
BASE LINE ~ ]
8-4.43
i | | ; ENVELOPES OF FOREBODY SPRAY BLISTERS i
e St o 30— FREE-TO-TRIM, DISPLLACEMENT SPEEDS e
SEYMENE X
1.40_! i
e 300 |,y L_ i 9~"~°‘\ 26
l 350 | ]
200 ! 24 3sONN0 | 125 |
: 180> 1
a2 ! M DISTANGE FROM CENTERLINE, BEAMS 7
ya 4 it
sb_ &b 3 2b b 0 b 2b 3b 4b 3 2b b
! | | | ] i | I | | 5-22-4;
S I T || FREE-TO-TRM RESISTANGE AND TRIM
208 “'_"‘“j.'”“—*!“ DISPLACEMENI SPEEDS a.q)
| |
|
007 ; 14
' TRIM bl e Ca®
(ocf N’ —t‘:‘\ 290 Bl b A i
B o =1 4
: Nl :
3 LA — = i ——— ——f———+——ui-10-
S Pas5= o 5l 4
NS e 194 8 ' | =
rO. (5 /LV R 200 —g—8—
>.>_: =9 /T80 B
L D e e Nl /A8 r 5
////,/ | '\T‘E
—0.02 /44 + 120 — 4—
| ki RESISTANG]
d im S i
G 3. 4 8 & 7 9 10 112 13 14 15 161718 9
16 {  e.22-43
14
12 S = A UPPER LIMIT
I 30 AT L7 IT™ )/ Jogs 095
gog =l 5_’_ Sl gy T I |
g SYERN f I eSS &
\ 7 % .. .
g g 0iy 016 0I5 0.8 013 0.2/ Ofii )0\ % \/ AR e Cu
8- g Lo
= J&/c, | LOWER LiMiT ao§\/‘>7( E <] z =043,
L—G—E +0.30” qo8| . 1/ / el O_J
007 FQG L / ESIRE
- ; 3
r‘ ~ RESISTANGE, MOMENT AND STABILITY CHARACTERISTICS 006 S N “:5::: 8’?;55
f PLANING SPEEDS i ey '
e Mo/ Vib*=025 e R SR
W
035° 030 025 0.20 0.5 0.10 0.05
Figure 47.




:ﬂ>va

S n

NACA ARR No.

4F15

Fig. 48

RATIO OF 4 TO | =
mo or 4 L/b =845
SEA‘J:"”‘;‘I‘:EM MooeL No. 339-46 C.G.» O35b FWO.OF STEP
. MODEL BeaMm: 5.40" " 0.90b ABOVE KEEL
il WHERE TESTED: S.IT. No.1 TaNK  Ca, = 2.722 (NOMINAL)
STEP, BEAMS T DATE: [1-4-43 k/L= 0.225
BASE LINE
Cie320  Cv4.00 Py
2"°°qbk ENVELOPES OF FOREBODY SPRAYNGLISTERS Y
— 3b— 3b
?“‘L Q\.\\ /1_50 FREE-TO-TRIM, DISPLACEMENT
200 &\\ + Gr4.00\\ 4=3.20
160t et B o e Gy <1.60 Cy=3.00 251
2.50
T —— N 2,00 ]
Q‘,% 7‘\}\ R 2% 150128 \ 125
L ; 2 —~ 4 ! 1b-
manluc: arv ?r sree, a}%‘ﬂ% 2 ’ DISTANGE FRoM cmmi_m:.az»?
S5b 4b 3b 2b b 0 b 2b 3b 4b 3b 2b b
—0.09 | ! l | I 1 7-12-43
FREE-TO-TRIM RESISTANGE AND TRIM
008 DISPLACEMENT SPEEDS e
TRIM e e Coe
007 3\,//‘ e == 14—
e ue— o —— — 240
-0.06 / = o £l —12 —
= / | —+— —F—}—20p "
> i~ -1 I S g 1.60 8
—-0.05 :’ fyl - ii 3’40_
2 4 Casf3.20
004 75\ N 5 _2.80 R
i P oo z
T e NS 1.60 i
- Rt
"/_ﬁ‘ \ \ 6—
be — e
RESISTANCE
| 2
. ci/an [ |
0 | 2 3 % 5 3 7 8 9 0. i el s s s A el ira w18 e
L—DG 6-17.43
14 -
0.06 ,UPPER LIMIT
12 G‘u"O.SO— T 7 T ~r_' T | | 0.05% 0.04
g QO\f—r—r—‘_ / /, / N / \\ (
—10- 7 7 2y
ST T 7T L7 ,
= 2 017 Joie 0is ‘014 “0i3 “qfz i ;
- -8-g - = /
-/C 010 '[N
i i LOWER - aoso\g&
Ead 007 73
|4 ~RESISTANGE, MOMENT, AND STABILITY CHARACTERISTICS
PLANING SPEEDS
—2 MQ/V}{D' =025 Wc
v
0.35 0.30 0.25 0.20 0.15 0.10 008

Figure 48.




