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Tests were run in the Experimental Towing Tank at
the Stevens Institute of Tec on models of two fly-
ing boa*s, the XPB2M-1 znd the
flying oat that at present is in tne
WM T and on 11 other® anodels
to determine the effect of bow T
thrown onto the windshield of a flying boat
at low taxying speeds. The variables studi
effect of length-bean ratip, the effect of
the effect of for ebody warping, the effect
the bow alone, and ths effect of aftervody

he results obtained from tests of &I
dicated that the height and the volume of
windshield can be reduced by (1) increasi
length and espe ecially the forebody length
the "sharpness" of the bow lines below ti
Creasing the static trinm when the bow is
relatively bad spray otherwise occurs, (4) crea
the water-borne load. Thess changes ar sted approxi-
iately in the order of their importarnce B tHe poing of
view of reducing spray.
*A complete report on this investigation entitled The
Bow-Spray Cha acteristics of Flying-Boat Hulls at Low
Speeds in Waves Enco tered Head-on," by ¥. W, 8. Locke, Jr.
is available for reference or loan in the Office of Aero-
nautical Intelligence, National Advisory Committee for
Aeronautics, Washington, D. C. OThis report includes a de-
tailed description of the test method and the procedure
and numerous photographic studies of the bow spray of the
various models tested.




The general conclu‘ion appears to beYwarranted that
any change in hull form which softens the impact between
hull and waves tends to reduce the spray thrown onto the
windshield at low speeds.

INTRODUCTION

War conditions have accentuated the need for flying
boats which are able to operate in reasonably heavy weathe

r
with a maximum of safety. At the same time, the decreasing
average of pilot experience has focused attention on the

need for ease of operation. In the past there has been
less emphasis on the seagoing qualities of flying boats
n

on other ceharacteristics.

One of the problems met with in rough water is that
spray thrown up by thke bow of the hull at low taxying
speeds may strike the windshield and obscure the pilotis
vision for an appreciable time during the take-off run.
Undesirable bow spray has also been encountered even in
smooth water operation of some flying boats operating in
an "overload" condition. 3Besides obscuring the pilot's
vision temporarily, the spray may also leave a salt deposit
on the windshield which tends to obscure vision for the
whole flight. This is always unpleasant and may be highly
dangerous.

The forebody of a flying-boat hull causes at least
two more or less distinect types of spray (reference 1).
These are indicated in the following sketches:
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The first type grows out of the bow wave at very low v
speeds and builds up in the form of a blister of increas-
ing height with the peak progressively farther aft as the
speed advances toward the planing range. Although influ-
enced to some extent by rough water, this type may be
considered primarily a smooth water characteristic and
studied as such. The second type of forebody spray is
primarily a rough water characteristic and is attributed
to the impact with head seas of the relatively blunt bow.
It is this type which is particularly objectionable in
obscuring vision through the windshield and which is
dealt with in this report.

In order to ascertain the causes of adverse bow-spray
characteristics, an investigation was conducted at the
Stevens Institute of Technology under the sponsorship and
with the financial assistance of the Bureau of Aeronautics,
Navy Department. The information obtained in this research
was considered to be of such general interest and of such
extreme value to the designers and operators of flying
boats that, at the suggestion of the Bureau of Aeronautics,
this report was prepared for the National Advisory Committee :
for Aeronautics in order that the more important results
could be made readily available to interested parties.

DESCRIPTION OF MODELS

Fourteen models were selected for the test, two being
models of actual flying boats, the XPB2M-1 and the XPBB-1.
One was a model of a flying boat that is at present in the
design stage, the "JRM-1," while the remaining 11 were
models derived from the XPB2M-1 to permit the evaluation
of the effects of quite different bow sections on the bow- i
spray-characteristics. The variables studied included a
comparison of actual or proposed flying hoats, the effect -
of length-beam ratio, the effect of hull dead rise, the
effect of forebody warping, the effect of changes of the
bow alone,and the effect of afterbody angle, The follow-
ing tabulation gives the designation of the varieus groups,
the variables studied, and the model designation:




[
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: : Significant A Mode
G Description RGO |
i by parameter jdesignation
A Actual or proposed | XPBaM-1 ! 339-1
l flying boats XPBB=1 } 441-1
"JRM-1" ; 417-29
15} Altered length- L/B = 5,07 {’ 339-22
beam ratio L/B = 6.19 | 339-1
| L/B = 7.32 ; 339-23
| L/B 8.45 | 339-46
i
C ! Altered hull [lOO dead rise g 400-1
; dead rise ' 20° dead rise | 339-1
! 30° dead rise 401-1
| | |
D | Altered forebody :l.VO/b warping | 339-~1
! warping i 5.4°/b warping | B339-39
110.8°/b warping | 33c-a1
B Altered bow sec- ,"Fuller" ! 339-18
tions { Normal | 339-1
"Finer" } 339-47
F Altered afterbody 5 afterbody angld 339-29
angle - g afterbody anglel 339-1
1 9° afterbody angle; 339-48

-

The models in exaups & B, ‘g

1d C used their own after-

bodies. The models in group_ U, E, and P used the after-
body of the XPB3M-1 A complete list of the particulars

of all the models is given in table 1. Body plans and L0~
file drawi ings of the bows ars given in figure L SR PR T
10, 12 A Present

and 14. PFigures gt g R
the qta*lc broperties of th hul

For all models the center of

ideration.

gravity was located at
35 Derceat of the beam forward of the step and 90 nercent
of the beam above the keel. This position was selected
in consideration of trim requirements in th 1e planing range.
It is in accordance with the findings of re f grence, 2. in
this respect, bes sides being a fair aVﬁrave osition as

found in actual flying boats




The forward part of each forebody was a complete rep- ?
resentation of the hull - that is, the turret and wind-
shield were reproduced. The actual designs for these
parts were used for the models of group A, For the models
of groups B, C, D, and E an arbitrary design was used in
which the windshield was located at the same distance
above the base line and at the same distance aft of the
forepoint in all cases. The models in group F used the
forebody of the XPB2M-1.

Group A - Actual or Proposed Flying Boats

The XPB2M-1 was included because, in addition to its
being a convenient parent, available flight experience
with the actual flying boat indicated that there was occa-
sional difficulty with the spray being thrown up onto the
bow. The "JBM-1" model is one of several developed for
the JRM-~-1. It has desirable resistance, porpoising,-and
yawing characteristics and represents a considerable ef-
fort toward developing satisfactory bow lines for rough
water at low speed. The XPBB-1l was selected because it y
has an unusual bow and because it was reported to be quite
satisfactory in waves at taxying speeds. The static prop-
erties and the lines of these hulls are shown in figures
1l and 2 and a photograph of the group is shown in figure
15. The lines of the XPB2M-1 are shown in figures 4 and
14.

Group B - Length-Beam Ratio

The hull tength was altered by applying a constant
multiplier to the station spacing of the XPB2M-1 parent.
On the afterbody the stations were moved in or out along
the afterbody keel and on the forebody along lines par-
allel with the tangent to the forebody keel at the main
step. Four values of the length-beam ratio were inves-
tigated. With the beam held constant, the hull length
was altered according to the follewing values of hull-length-
beam': ratios: 5:07, 6.19 (the normal value for the
XPB2M-1), 7.32, and 8.45. Increasing the length reduced,
the curvature of the buttocks on the forebody. The step
height and the afterbody keel angle were unaltered. The
static properties and lines of these models are shown in
figures 38, 4, 5, and 6 and s photograph of the group is
shown in figure 17.




Group C -~ Hull Dead Rise

The hull dead rise was altered by multiplying the
dead rise of each station by the same constant. Three
hulls were included in this group with dead rise angles
of 10°, 20°, and 30°, respectively, at the step. The
keel:prafite 'was unaltered but the chines were changed
as necessary. The chine flare was increased or decreased
in proportion to the dead rise. The static properties
and the hull lines of this series of models are shown in
figures 7 and 8; a photograph of the group is shown in
flghre 46,

Group D - Forebody Warpine

The forebody bottom was warped by leaving the sec-
tion at the main step unchanged and varying the dead rise
linearly from the step to the forepoint. The profile and
the chine plan form were unaltered. The use of linear
dead rise variations throughout the whole length of the
forebody produced rather flat bow sections. The deviation
from the parent model (XPB2M-~1) was obtained by varying
the dead rise linearly from the step in the ratios of
10.8°/b length and 5.4°/b length. The static properties
and the hull lines of this series are shown in figures 9
and 10; figure 18 is a photograph of the models.

Enl

Group E - Bow Sections

The first forebody in this group, Model No. 339-18,
referred to as "fuller" had the length of the normal fore-
body but all the sections of the normal forebody were com-
pressed into the forehalf, making the bow very ‘hbunt. " The
after half of this forebody had the uniform section of the
main step in the parent hull. The second forebody of this
group, Model No. 339-47, was an attempt to improve the
LPB2M-1 by a small change to the forward part of the fore-
body which made the bow somewhat "finer." The chine was
raised and the dead rise increased from the forepoint to
about half a beam after the forepoint. The stztic BT op~
erties and the hull lines are shown in figures 11 and L2
and a photogranh of the group is shown in.figure 0

-

Group 7 - Afterbody Anesle

One of the conditions suggested for tests was tha
the static flotation be changed. The simplest way %




this is to shift the center of gravity longitudinally.
However, because in practice the center of gravity can-
not be shifted materially without disturbing trim control
in the planing range, it was decided that the best way to
change the static flotation was to alter the afterbody

angle. This was accomplished by rotating the afterbody
at the intersection of its keel with the main step, leav-
ing the step height unchanged. The changes of angle

would, of course, alter other characteristics such as

hump resistance but would not seriously interfere with
trim control on the planing ran?e Three values of after-
body angle were tested, 5°, 7° (normal for the XPB2M-1),

and 9°. The static properties and the hull lines of this
series are shown in figures 13 and 14.

APPARATUS AND TEST PROCE

< |
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o
=

The model was mounted on an apparatus which allowed
freedom in pitch and heave and provided restraint in roll
and yaw. A complete description of this ayparatus s
given insreference 1. ulsecalibiated pﬁédl part of the
regtlar equipment of the Experimental Low1“g Tank at
Stevens, was used to make the waves, and the spray was
photographed with special equipment

For making the photographic studies a 35 millimeter
moving picture camera was used in connection with a mul-
tiple flash lamp developed by Dr. Harold E. Edgerton of
the Massachusetts Institute of Technology and loaned to
Stevens Institute of Technology for the purpose of these
experinments. The light worked on ordinary alternating
current and flashed 60 times a second. The period of each
flash was about 0.00005 second. TFilm was sent through the
camera at constant speed with the shutter removed. The
exceedingly short flash time of the lamp insured stopping
the motion of all spray particles even with moving film.
The camera and light were mourted on an auxiliary carriag
which moved with the model,

The paddle used for making waves was specially cal-
ibrated before the inception of the tests. The waves
generated by this paddle were smoother than those usually
encountered in a seaway, corresponding guite closely to
the conventional theoretical trochoid. The waves used
never took the shape of "cusps" which are usually found
in bays and harbors in combination with a stiff breeze.




While it is in the latter tyne of wave that flying boats
0ften have to operate, it was considered more important
to use waves which could be reproduced easily and accu-
rately so that tests of different models could be made
under controlled test conditions. The smooth and regular
waves used in the test are frequently found in practice,
however, so that it is perfectly proper to use them. No
attempt was made to reproduce the wind that might be ex-
rected to accompany the various wave sizes.

Very extensive tests were run on one model, Model
No. 339-29,'which was thought at the start to have a poor
bow from the standpoint of low-speed bow spray, in order
to decide upon the most sultable speeds and wave condit -
tions for the tests of the entire series. It was found
that the SPpray was more sensitive to the speed of the
model than to the wave sige and that the influence of the
wave slope was relatively unimportant The tests also
indicated that moderate pitching did not necessarily in-
fluence spray height,

It was conecluded on the basis of these exploratory
tests that one speed corresponding to Cy = 1.05 (approx.

15 mph full-scale speed for the XPB2M-1) was sufficient
to get a critical View of the behavior of the whole series
of models in rough water. Three loads corresponding to
CAh = 0.6, 0.8, and 1.0 were chosgen as representing the
range of loading of practical interest. Inasmuch as the
effect of wave slope had been shown to be negligible, all
tests were conducted with waves having a length-height
ratio of 20. Thisg ratio is considered to be reasonably
representative of the waves actually ercountered in prac-
tice. Tests were run with each of three heights of wave
equal to 0.1, 0.2, and 0.3 of the beam of the model.
These heights were chosen to bracket the limited reports
of full-scale €Xperiments which were available -when the
work was undertaken.

The tests of the -models which involved changes of
0ver-all hull length were carried to considerably higher
values of CA to determine the maximum practical loading
in terms of Tength .

In recording the results of each test sufficient
film was taken to g€et two or three compnlete eyeles of the
model encountering a wave. Analysis of the film showed
that . in general, the behavior of the model in successive
cycles of one train of waves was remarkably constant.
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From each film one frame was selected which showed the
spray at the worst point in the cycle. The selection of
this one frame was by no means critical and any frame
within two or three on either side of the selected frame
could have been chosen without materially affecting the
results.

RESULTS AND DISCUSSION

Presentation of Data

Hondimensional coefficients based on Froude'!s law
were used to present the rezults of the tests. The non-
dirmengional coefficients and ratios used throughout this

report are defined as follows:

o

(]

3
Cp  load coefficient (A/wd )

4
Cu trinming-moment coefficient (M/wb )
C- speed coefficient (V)/ g0)
v*‘ sSLC e1Ll L Lel \ PV [S

Cd draft coefficient (d/b)

L/B 1length-beam ratio

a

L/H wave length-height ratio

Jas load on water, pounds

b beam at step, feet (used interchangeably with B)

w specific weight of water, pounds per cudbic foot (62.
for these tests usually taken as 64.0,for sea
wvater)

M trimming moment above the center of gravity, pound-
feet

v speed, feet per second

8
g acceleration of gravity (32.2 ft/sec )
L over-all length, distance from forepoint to stern-

post, feet (associated with 3B)

d draft at step, fset

(W3]
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H wave height, vertical distance from trough to crest,
feet,
L wave length, distance from crest to crest, feet

(associated with b)

The most significant results of the tests are shown
in figures 20 and 21. 1In carrying out the tests with
three wave heights as well as in smooth water, it was
found that the spray tended to increase with wave size.
For this reason only the results of the tests conducted
in waves with a height of 0.3 beam are included in this
reporh .

Figure 20 presents & photographic study of the effect
of changes in hull form on bow-spray characteristies. 1In
this figure each column shows all the results for one
model. At the top of each column is a direct head-on
photograph of the model. Inasmuch as all the models were
constructed with the same beam width and all the photograms

were taken with the same camera at the same distance from
the model, the apparent differences in size are caused by

e
perspective and indicate the relative "fullness" of the
bow in each case. The pictures of the entire forebody

were also taken under the same conditions and the apparent
differences again indicate the relative fullneéess. PThe
e

lower three photographs show the gpray for each of th
three values of CA‘ The photographs are arranged in the

figure in such a manner as to permit a study of the effects
of each of the six variables tested. The large differences
in the spray characteristics of the various models indicate

i
that zdverse characteristics may be alleviated by proper
choice of hull form,

It is also to be noted in figure 20 that a reduction
in spray height results from the reduction of the water-
borne load. Reduction of the bow spray in this manner,
however, is not nearly as effective as small changes in
hull fora are shown to be. It should te further noted
that perclizing the load-carrying capacity of a flying boat
to overccome adverse bow spray should nc: be considered a
satisfartory answer to the problem and may be considered at
best only a temporary expedient for oveércoming adverse bow_.
SPray characteristics encountered by exis ing flying bvoats.

Figure 21 Presents the results of the tests on the
séries of four modslsg differing in length-beam ratio in
which the loading was pPregressively increased in each cage

until the model sank.
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onsidering both figures 20 and 21, and neglecting

the effect of change of the water-borne load for reasons
previously mentioned, it appears that the principal effects
on the bow spray of the variables studied may be put into
three groups; the effect of forebody length, the effect of
sharpness of the bow, and the effect of changes of static
trim.

Effect of Foreboiy Length

The tests with altered forebody length were actually
made with models in which both the forebody and the after-
body length were altered in the same proportion. This was
done to avoid aslterations in static trim due to changes in
the relative bouyancy of the two parts.

It is evident from the results that the bow spray is
greatly reduced by lengthening the hull., The beneficial
effect of decreasing the values of C&. without altering
the hull length, is also evident. 8o far as load per
length is concerned, an increase in hull length without a
corresponding increase in Cp 1is equivalent to a reduc-
tion of loading iwlithawt anfnepcage in hulll lengthlt Tt
will be seen from figure 21, however, that the maximum
practicable loading, or the load for equivalent bow spray,
increases much more raniﬂly than in direct proportlon. to
the increase in length and that the beneficial results ob-
tained from increa51ng the forebody are therefore greater
than can be accounted for by reduction of loading per unit
length of hull. This point is well illustrated by compar-
ing the photos in figure 21 for L/B = 5.07, Cp = 0.60,

and L/B = 8.45, Cp = 1.00, where 8.45 = 1.67 and - -
B

iLQ% = 1.67. Under these conditions the load per unit

0.6 :

length is identical fer the two hulls but the spray char-

acteristics are much better for the longer hull. : The

probable explanation of the extra benefit lies in the re-

Quced curvature of buttocks lines which softens the impact
between the hull and the waves and reduces "suction effeect."

Effect of Sharpness of Bow

1}

€l

pness of the bow is, admittedly, a very vague
n description of hull form. The term is sug-
gested chiefly by the very excellent behavior of Models
Nos. 401-1 and 441-1 (XPBB-1), both of which have very
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large angles of dead rise near the bow and sharp entrance
angles of the water planes, but the term is construed to

include also the effect on the bow of warping of the fore-
body bottom and changing of the hull dead rise as a whole.

The lines of the two models previously mentioned
differ in that Model No. UU1 has a lot of chine flare;
whereas Model No. 401 has very little. The effect 'of this
difference does not seem to be reflected in the behaviour
of the two -models, and there is nothing in thelt=sissof
the other models which throws additional light on the ef-
feet of chine ' flares

Models Nos. 417--29 and 339-47 both have "sharper!

bows “than the parent XFBzM-.1 ni both have lower bow svoray,
Models Nos. 33%9-18 and 40C~1 bcth have bows that are not

as "saarp" as the pareat XPB2M-1 and in both cases the
spray is higher. "'This ig paprticularily teune:pf ModsdilNo.
339-18., Model No. 3%9-41 has bow sections quite similar

to the parent and the spray is much the same.

One exception to this trend is noted in the spray
height of Model o, %%29-39. This model was derived in
the same manner as Mcdel No. 339-41., Although the bow
of this model was not' as "sharp! as that ofubhesparent,
the soray was lowzsr. The range of the tests was such
that no satisfactory explanation of this reversal of
trend was forthcoming.

Effect of Changes of Static Trim

ally, there are three methods of sltering the

Bagic
static trime LV application of an extesrnal moment to thse
hull by shifting the center of gravity (aerodvnamic and

thrust moments tozether will ordinarily have little effect
on trim at low speeds), by altering the bouyant oower of
the afterbody 2lone, or by altering the bouyant power of
the forebody alone.

Shifting of the center of gravity is very likely,
however, to have undesirable effect on the available trim
control at planing speeds. In practice the cznter of
gravity has to be selected so as to give an available
trim track which does not pass through a region of pormois-

ng. Therefore 1t does not apvear logical to shift the
center of gravity to improve the bow-spray characteristics
at the expense of the planing characteristics.
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Mhe gsecond method of altering the static trim is

most easily accomplished by altering the afterbody angle,
If, with an altered afterbody angle, the position of the
center of gravity is unaltered, then the available trim
tracks at planing speeds also will be largely uneltered
relaisive to the porvoising limits, Altering the afterbody
angle, hcwever, usually alters the humvo ragsistance and the
porpoising characteristics at speeés in the . vicinity of
the hump. Thus, altering the afterbody angle is like al-

=

terirg the position ¢f the center of gravity in that any
improvement effected at low spesds is apit to be at the
expense of the other characteristics., it gy shoWeversy
much less undesirable in this respect, and was accordingly
adopted for the present tests. The effect of changing the
static trim by altering the afterbody angle is shown in
the first and last %two columns of figure 20, Increasing
the static trim in this way makss a small but noticeable
improvement in the spray characteristics. It does not
make nearly as large improvemesnis as can be produced by
altering the hull form, particularly the bow saction.

The third methocd of altering the static itrim, by
altering the buoyant pow=r of the foretody alone and keen-
ine the afterbody anzle constant, may be accomplished both
by altering the dead rise and the Hfineness® of the bow
sections. Increasing elther of these decreases the buoy-
ancy of the forebody and corsestently reduces the trim
angle. Both of these changes improve the spray character-
jstics, however, and therefore more than offset =~ny dele-
terious effect of dsereasing the trim, as such.

The conclusion that an increasa of trim =anele does
not necessarily result in reduced spray, and vice versa,
is confirmed by the fact that Model No. 339-18 had just
about the highest static trim of any of the models tested
and also had the worst spray charactsristics. On the
other hand, the spray height can probably be decreaged
with any given bow form by increasing ths static trim, at
least when the form under consideration has reasonably
bad spray characteristics.,

General Discussion

The really marked benefits observed in reduction of
bow spray in these tests are all due to changes in the hull
form, rather than to changes of load or trim, and vpartic-
ularly to changes in the forebody, especially the forward
quarter or less of the forebody. The importance of the




bow scctions of the forebody c¢aft'be most readily seen

from the results obtained with Model No. 339-47, which

had only a few inches of the bow changed and showed a
considerable improvement over its parent, Model No. 339-1.
The conception that the forward part of the forebody is
all that has to be considered in designing a hull for

good performance in rough water at low speeds is a very
usaful one. Development work may proceed on the other
hydrodynamic charscteristics of the rear half of the
forebody without paying any varticular attention to the
bow ssection, or wice Versea. Tests conducted at Stevens
Institute of Technology for the National Advisory Committee
for Aeronautics have shown that the first two beam lengths
or so of the forebody ahead of the main step appear to con-
trol the hump resistance and the high-speed lower-limit
piorpolrsineg charactsristics of o hull; It apnears, there-
fore, that the forebecdy may be divided intc two halves
from the design standpoint. The forward half can be de-
signed from the point of view of the low-sveed rough-
water characteristics primarily, and the after half of

the forebody from the point of viaw of the hump resistance
and lower-~limit porvoising characteristics. Tn designing
the forward part of the forebody to reduce svray at the
windshield, care should be taken to select a form which

will give easy entry into waves encountersd head-on.

There is very good aqualitative agreement between the
tests here reportesd and availadle full-scale data., For
instance, Model No. ULL1-1, which represents the XPBB-1,
shows up very well; while no exact information ig at hand
regarding the flying boat, it was reported to be quite
satisfactory in waves at taxying spe=ds. Model No. 3%9-1,
which represents the XPB2M-1, is not entirely satisfactory
and water sometimes gets onto the model windshield under
certain conditions; full-scale experiencs bears out this
indication. These two specific examrles indicate that
confidence may be placed in the present t=st results,
since the model tests are in ‘agreement with full scale
both in an instance of satisfactory bow-spray characteris-
tics and in an instance of unsatisfactory bow-spray char-
acteristics.

CONCLUSIONS

1. The tests indicate that the height and the volume
of spray at the windshield may be reduced by:




a) Increasing the hull length. It se
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b) Increasing the sharpne of the bow lines below
the chine, w1tb or out pronounced chine
flare. This ma) v omplished by increas-

ing the dead risc g1 in Hhiel wicinity Tof

the bow or by sharp water lines.

Both changes ease the entry of the bow into

the waves.

c) Increasing the static trim angle when the bow
PO“W is such that relatively bad spray other-
By raising the bow the point of
is moved somewhat, and at the same
impact with the oncom-

the static 3&, which has effects

to those noted under (c) above.

benefits observed are
bbody form and especially
is particularly
isfactory bow-~spray
compromising the planing
c any change which
ends to reduc
low spceds
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TABLE I

®
Beam Deadrise Deadrise 1/2b
at Forebod Afterbod at Ste afits oft RoP, Ste Afterbod
y y P p y
Model Step Length Length and Keel at Keel Height Angle
Noe ins, inse ins, deg. deg. % b dege Description
339-1 5,40 18,60 14,85 20 52.0° 540 7 40 XPB2M~1, "Parent"
417-29 " 18,87 16.78 & 5542° 540 7.0 "JRM-1"
441-1 2 19.43 14,40 5 67.5° 9.0 545 XPBB=1
339-22 " 15.10 12.15 " 47,5° 5.0 740 /B = 5.07
33923 " 21,98 17,55 8 5247° " " L/B = 7.32
339-46 " 25,23 20,25 E 53 ,2° " . L/B = 8.45
400-1 " 17,78 14.85 10 24.5° " " Deadrise 10°
4011 " 18,60 " 30 75 ¢2° " " Deadrise 30°
339-39 " 18,60 " 20 35,7° " " Forebody Warped 5.4°/b
339-41 " 18.60 H " 51.8° . " Forebody Warped 10.8°/b
339-18 " 18,51 " " 40,0° " " Full Bow
339-47 " 18,60 " n 5642° " " Fine Bow
339-29 " 18,60 " " 52 ,0° i 540 Afterbody Angle
339-48 " 18,60 i " 52.0° " 9,0 Afterbody Angle

NOTE:

YOVN

In all cases the trim engles are measured relative to the forebody keel tangency.
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STATIC PROPERTIES

ACTUAL AIRPLANES

35 b fwd of Step

0
GH Rl i iy

Model No. Airplane

Load coefficient, CA
Figure 1.~
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FORWARD PERPENDICULAR
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STATIC PROPERTIES

CHANGES OF HULL
LENGTH/BEAM RATIO
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Figure 3.-
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FORWARD PERPEND!CULAR
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STATIC PROPERTIES

CHANGES OF HULL
LENGTH/BEAM RATIO

G _0.35 b fwd of Step
*7*70.90 b above Keel
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FORWARD PERPENDICULAR

MODEL" 339 -23

LENGTH / BEAM RATIO
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Figure 6.
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STATIC PROPERTIES

CHANGES OF HULL

DEADRISE
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FORWARD PERPENDICULAR
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STATIC PROPERTIES

CHANGES OF FOREBODY
WARPING
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NACA Fig. 10
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STATIC PROPERTIES

CHANGES OF FOREBODY
BOW SECTIONS
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NACA Fig. 12
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STATIC PROPERTIES

CHANGES OF AFTERBODY
ANGLE
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Model No. Angle
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Figure 14.







ACTUAL AlRPLANES Figure 15.

HULL DEADR'SE Figure 16.°







Fig. 17
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NACA

FOREBODY WARPING

Figs. 18, 19

Figure 1

BOW SECTIONS

Figure 19.




w-71

EFFECT OF CHANGES OF HuLL FOR
L=6.0 beam

H=0.3beam

259~39 339-4|

b

5.4°/b 10.8%b

{fo.0-0u | WARPED FOREBODY

XPB2M-1 "PARENT"

HULL DEADRISE

30°




539-18 239147

XPB2M-1 "PARENT"

FULLER FINER

Folh-our #2. BOW SECTIONS

339-29

XPB2M-1 "PARENT"

Fie. 20

339-48

AFTERBODY ANGLE




CHANGES OF LOAD AND LENGTH—-BEAM RATIO
H=0.3beam L=6.0beam

200 2.20 240 260 2.80 300

W=71

3.20 340

MODEL TESTED
BUT
SANK

NOT

s MODEL TESTED
TESTED TESTED il
1 SANK

MODEL TESTED
BUT
SANK

< EalD-our Fl

FolD-put 2.




R ~ FIGURE 20,
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