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NATIOWAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

THE EFFECTS OF ANGLE OF DEAD RISE AND ANGLE OF AFTERBODY KERBL
O THE RESISTANCE OF A MODEL OF A FLYING-BOAT HULL

By Joe W. Bell gnd John M, Willis, Jr,
SUMMARY

A series of models of flying-boat hulls was tested in
"NACA tank no., 1 to determine.the effects of the angle of
dead rise and the angle of afterbody keel on resistance

: 3 : .30
and spray characteristics. Three angles of dead rise, 143
1
199, and 23%°, and three angles of afterbody keel, 4°, 619,
n

and 83°, were investigated. The tests included nine co
"figurations incorporating all possible combinations of
these values., The results of the tests are expressed in
nondimensional coefficients.

The effect of angle of dead rise on resistance and
best trim was negligible up to and including the hump., A%
higher speeds, the resistance was reduced by the lower
dead rise and increased by the higher dead rise. These
differences, however, were relatively small,

At small angles of afterbody keel, the resistance was
low at low speeds and high at planing speeds, The positive
trimming moments were reduced by reducing the angle of aft—
erbody keel. High angles of afterbody keel gave a higher
best trim at the hump and at planing speeds.,

The effects of angle of afterbody keel were consist—
ent at all angles of dead rise and the effects of dead
rise were consistent at all angles of afterbody keel,

An appendix showing the method used for deriving
models of the 126A and 126C series from the basic model
126B—2 is included. Working charts for the determination
of resistance and trimming moment for the model 1263-2
are also given.
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INTRODUCT ION

The purpose of the tests was to determine the effects
of angle of afterbody keel and angle of dedd rise on
resistance and spray characteristics and to determine
whether the effects of varying either of these angles
are influenced by the value of the other angle.

The effects of the angle of afterbody keel and the
angle of dead rise have been investigated separately in
a number of earlier tests., The results of NACA investiga—
tions of the resistance effects of angle of afterbody keel
and angle of dead rise have been reported in references 1
and 2, respectively., The experimental towing tank of
Stevens Institute of Technology has conducted tests in
which the angle of afterbody keel and the angle of dead

.rise were both investigated by the use of models developed

by modifying the same basic set of lines (reference 3).

The tests at Stevens Institute included both the resistance

and the stability characteristics of the models,

Three angles of afterbody keel and three angles of
dead rise were investigated in the present tests. The
basic model of the series was considered typical of cur—
rent flying boats. The variations of angle of afterbody
keel included one value greater and one¢ value smaller

than that of the basic model. The angles of dead rise also

included one wvalue greater and one value smaller than the
basic angle of dead rise., Nine configurations of the
model, representing all possible combinations of these
variations, were tested, The tests were conducted in NACA
tank no, 1 during February and July 1942.

DESCRIPTION OF MODELS

The lines of the models are shown in figure 1 and the
corresponding offsets are given in tadble I. The basic
model of the series, model 126B—2, was similar to a 1/9—
size model of the hull of the Navy XPB2Y—3 airplane except
that the afterbody was raised to increase the depth of
step, the form abovec the chines was simpblified, and the
$tail turrect was omitted, Models 126A—2 and 126C—2 were
derived from this form by arbitrary changes in the angle
of dead rise as indicated in figure l.




The half—breadths of the chine, the width of chine
flare, the height of the keel at cach station, and the
length of the forebody were the same for models 126A-2,
126B—2, and 1260—-2, The angle between the horizontal and
the straight portion of each transverse section from bow
to sternpost for model 126B was 5° less than for model
126C and 5° greater than for model 126A, The radius of
chine flare and the height of chine of the derived models
were dependent on these established values as described
in the appendix, The sections aft of the sternpost were
the same for all the models.

.The models were arranged vwith vertical wedges at the
step in order that the after portisen could be rotated to
vary the angle of afterbody keel through the range shown
in figure 1. In these variations, the depth of step and
the distance from step to sternpost were held constant.

Variations in .the angle of dead rise and the angle of
afterbody keel for each model are given in the following
tablet

Angle of dead risej(Angle of afterbody keel

Model :

(deg) (deg)
i264—1 14% 4
1264A—2 14% 6%
126A—3 143 8%
125B8—1 19 4
126B—2 19 6%
125B-3 19 8%
126C0—1 263 4
12602 23% 6%
12603 232 8%

APPARATUS AND PROCEDURE

The tests of each model were made by both the general
method and the specific method. The NACA tank no.l and
its relatcd equipment and the methods of the t ests are de—
scribed in referonce 4, j

The conditions of the general tests included load .
coefficioents up to a meximum ef 1.2 and -specd coefficients
up to 840, This range of loads and speeds was believed to




extend beyond sll conditions at which a hull incorporating'

the lines of any of the models might operate, The range
of trims of the models was selected to include the zero—
trimming—moment condition and the best— trlm condistdieon "Por
all the loads and speeds included,

The models were tested by the specific method at con—
ditions corresponding to the assumed gross load and aero-—
dynamic 1ift of a flying Dboat. The load coefficient at
rest CAO was 1.027. The wing lift of the airplane was

simulated by the use of a hydrofoll 1lift device that was
adjusted to support the entire load of the model at a
speed corresponding to the assumed valuc of P70 fTor tvhe
get—away speed coefficient CVG Specific tests in the

froe—to—trim condition were included in the tests of the
models of theo 126A and 126C series. In the free—to—trim
tests, the models were pivoted about an axis passing
through a point corresponding to thc assumed center of
gravity of the flying boat, The center of gravity of each
model was adjusted to the pivot point by the use of bal—
last located in the model and on a vertical staff above
the model,

The point used as the center of gravity for the free—
to—trim tests and the center of moments for the fixed—trim
tests was 4.27 inches forward of the step and 16.44 inches
above the keel., The pivot axis of the towing gsar was
located at this point in the tests of the models of the
1264 and 126C series, The models of the 126B series, how—
ever, had been tested earlier with the use of additional
equipment that prevented the desired location of the pivot
axis., Because of this location of the pivot, no free—to—
trim tests were made with the models of the 126B series.,
Corrections were applied to the trimming moments of the
1263 scries to obtain the trimming moments about the
selected center of momcents.

SULTS AYWD DISCUSSION
Method of Presenting Data
Nondimensional coefficionts based on Froude's law

werec used to present the results of the tests, The non—
dimensional coefficients are defined as follows:
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5
Cy speed coefficient (v//en)
CpA load coefficient (A/wb®
4
Cb trimming~moment coefficicnt (M/wb )
e ...‘ ) . g 3 ', 3
Op vresistance coefficient (R/wd )
where
5D beam &gt step, foet
.V . speced) feot per sccoﬁd
A load on water, pounds
Rt trimning moment, pound—fecet
w specific woight of water, pounds per cubic foot (63.5
for these tests: usually tiaken as 64,0 for seca
water)
R rceistanco, pounds

g accocleration of gravity (32.2 ft/sec®)

. The moments are referred to a point 4,28 inches for-—
ward of the step and 16,44 inches abovée the base line.
Moments having a tendency to raise the bow are considered

positive, Trim is the angle between the base line and the
horigontal,

Free—to—Trim Tests

. The effects on resistance coefficient, trim, ard
load~resistance ratio of angle of afterbody keel and of
angle of dead rise are given in figures 2 and 3, respec—
tively. The curves for the models of the 126A and '126C
series in figures 2(a) and 2(c) were plotted from the
free—to—trim tests of the models. The curves for the
126B series in figure 2(b) were derived from cross plots
of the data from the fixed—trim specific tests of the
models, .

The effect of angle of afterbody keel upon the free—
to—trim characteristics for angles ofdsad rise of 143°,
399, ‘and “lo may be seen by comparisons of the curves of




figures 2(a), 2(b), and 2(c). Reducing the angle of dead
rise reduced the trim and the resistance at all speeds up
to and including the hump. The effect of increasing the
angle of afterbody keel was opposite and of about the same
order of magnitude, At speeds in excess of the hump speed,
the effect of the angle of aftcerbody koel became less and,
at equal angles of dead risc, the trim and the resistance
of thc models became approximately eoual after the after—
bodies came clear of the watcr. The effects of changing
the angle of afterbody keel were substantially the same
for the models of different dead rise except that the dif-—
fercnces in trim and rosistance porsisted at higher speeds

for models of grocater dead rise,

The effccts of anglc of dead rise on models of equal
angle of afterbody keel may be seen by a comparison of the
free—to—trim curves of models 126A—2, 126B—2, and 1260-2,
in figure 3. The changes in angle of dead rise caused
relatively small changes in the resistance at the hump.
Lower angles of dead rise resulted in increased trim at
the hump and decreased trim at speed coefficients above
4,0, This effect on the trim at higher speeds may account
for the fact that the effects of angle of afterbody keel
extended to higher speeds for the models with greater val-—

&

nes of angle of dead rise.

General Tests

The variation with speed coefficient of best trim,
resistance coefficient at best trim, and trimming—moment
coefficient at best trim, derived from the data obtained

in the general tests, is given in figures 4 to 6 for the

models of the 126A series, the 126B series, and the 126C

series, respectively. Resistance coefficient and trimming-—
moment coefficient plotted against trim are shown in figure

7 to provide direct comparisons of the results of the gen—
eral tests. Comparisons of the curves in aany of the three
groups of figure 7(a) show that, at hump speed, decreasing
the angle of afterbody keel reduced thc resistance at all
trims, reduced the best trim, and reduced the values of
the positive trimming moments. Changes of angle of after-—
body kxeocl caused approximately the same effects when ap—
plicd to models of any angle of decad rise included in the
investization, At a speed coefficient of 2.5 (fig, 7(d)),
the cfféct of angle of aftorbody keel upon resistance co—
efficient was negligible., At this specd the afterbody was
clear of the water at most trims, The curves of trimming-—

O N RO |



moment coefficient in figure 7(b) show some effect from

the contact of the afterbody with the water at high trims.

This cffect was more pronounced in the case of the models
with grcater anglcs of dead rise, The curves of resist—
ance cocfficient and trimming—moment cocfficient at speeds
near get—away, Oy = 6.0 and Cy = 7.0, arec shown in

figurcs 7(c) and Tl respectively. At hich speeds the
cffect of angle of afterbody keel was so small that the
scatter of tho expecrimental data caused some obvious ro—
versals in thc comparative results, IThis scatter of data
was caused in part by the changes in wind velocity that
resulted from openings in the wall of the building, It is
believed, however, that the qualitative effects of the
changes of the models are conclusively shown by the curves.
At this condition high angles of afterbody kcel gave the
ost favorablec resistance characteristics, ©Smaller angles
of afterbody keel caused no change in the resistance at
extremely low trims but caused increasecs in rcsistance
that startecd at approximetecly best trim and became larger
as the trim was increased.

The lowest angle of dead risc investigatcd gave the
lowest resistance at the hump and at 2ll speecds above the
hump (fig. 7). Throughout this range of specd the resist—
ance was increased slightly by each incrcase in the angle
of dead risc., This coffect was consistent for each angle
of aftecrbody keel that was investigated. A comparison of
the curves of trimming—moment coefficicnt in figure 7(b)
shows that the action of the afterbody was influenced to
some extent by variations of the angle of dead rise. At
this condition tho effect of angle of afterbody kecel be—
came umore pronounced as the angle of dead rise was in—
creascd, This relationship between the effeccts of angle
of aftcrbody keel and. angle of dcad risc was in agrcement
with that observed in the results of the frec—to—trim tests
(Ilg. 2%

Spray Characteristics

Photographs taken during the fixed—trim specific
tests of the models arc reproduced as figures 8 to 11,
The conditions selected for the comparisons, 11° trim at
hunp speed and 5° trim at a higher speed, Oy = 5,0, cor—
respond approximately to conditions at which flying boats
incorporatl 1g thesc lincs might operatc.

The effocts on spray of angle of afterbody keel at




hump speed and at planing speed are shown in figures8 and
9, respectively, In the fixed—trim condition. at the hump
speed, the lower angles of afterbody keel resulted in
slightly lower spray from the forebody and considerably
more spray from the afterbody and the tail extension,

The spray around the tails should be disregarded in this
comparison because the tail extension of the model was
moved with the afterbody when the angle of afterbody keel
was changed. At higher speed (fig, 9), the lowest angle
of afterbody keel caused the spray to strike the bottom
of the afterbody. This effect beoane more pronounced at
speeds near get—awaye.

The effects on spray of angle of dead rise at hump
speed and at planing speed are shown in figures 10 and 11,
respeciively, The height of the spray decreased as the
angle of dead rise increased. This effect is shown at the
conditions of both figures 10 and 11 and was observed
throughout the range of speeds investigated. At extremely
lcw specds, the bows of the models with low dead rise
wvere mucb dirtier than those with higher dead rise. The
stern vi oW e in figure 10 show that, at an angle of dead
rise of 23%°, the afterbody of model 126C—3 was in the

water at test conditions at which the afterbodies of the
models of lower dead rise were clear of the water,

Working Charts for Model 125B—23
Inasmuch as any change in angle of afterbody keel or
angle of dead rise will caaoe both favorable and unfavor—
able effects upon the performance of the model, the selec—
tion of an optimum angle of dead rise or an optimum angle

-

of &ft*voodb reel is difficult if not impossible. It is

possiblec that the angle of decad rise or the angle of after—

body keel selected for a flying boat might depend To a
larwe extent upon other characteri“tics peculiar to the
design or upon the operating conditions that are antici-—

pated. The results of the tests, however, have shown that
model 128B—2 represents a fair compromise of the two angles

investigated, Because of this fact and because model
126B—2 1s more representative of current practice, working
charts derived from the general tests of this model are
given in figure 12, The derivation and the usc of the
charts arc Gescribed in detail in reference 5.
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CONCLUSIONS

The results of the present investigation were in
agreement with the results of previous research on the
effects of angle of afterbody keel and angle of dead

rises Because of the. large number of eonfigurations tested
and. the agreement with the regalts of other tests of varied

types of model, it is believed that the following general
conclusions may be drawn from the results of the present
tests?

1. At practicable angles of dead rise, increasing

the angle of afterbody keel inereased the resistance at
low speeds and at the hump, reduced the resistance at
high sneeds, inereased the best trim, and increased the
trim in the free—to—tyim condition.

2 Increasing the angle of dead rise in the normal
range for V—bottom hulls increased the resistance at the
hump ané at higher speeds and reduced the height of spraye.

It was also abserved in the present tests that larger
angles of dead rise caused the afterbody to remain in the
water at higher speeds.

Langley lMemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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APPEND IX

DERIVATION OF STATIONS OF MODELS 1264

AND 126C FROM MODEL 1263B

From figure 13, the angle of dead rise of the straight
portion and the breadth of the chine flare at each station
of the forebody of model 126B are obtained from the expres—
sions

B
= tan_lz

X = Ry sin ©

Then, for the corresponding station of the derived models,
for model 1264, '

Formediel L3608

o]
]

A tan B

where A 1is the same as for model 1263,
R, = X/sin 8

where X is the same as for model 126B,

<
&

(A — X) tan ©

and E=7Y+ R;(1 — cos 8)

The height of chine of the afterbody is obtained from the
expression

Bo="# - tan §

where F is the same as for model 1263B.
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FIGURE LEGENDS

Figure l.— Lines of NACA model 125 series,
(a) llodels 1264-1, 1264-2, and 1264-3
Angle of dead rise = 1l4% .

Figure 2.,— Effect of angle of afterbody keel on free—to—
trim characteristics, '
(b) liodels 126B—1, 126B-2, and 125B-3,
Angle of dead rise = 1909,

Figure P. Continued.
c) liodels 128C—1, 1266-2, and 1260-3,
o - . 31
Angle of dead rise = 23z

Figure 2.~ Concluded,

Pigure 3.,— Effect of angle of dead rise on free—to—trim
characteristics., Iliodels 1284A-2, 126B3—-2, and 1260-2, X
Angzle of afterbody keel = 6%°,

(a) ilodel 126A—1, Angle of afterbody keel, 4°,

i

i

Figure 4,— Curves of angle of best trim, resistance coef—
ficient at best trim, and trimming-moment coefficient

at_hest trim., Hodel 1264 series, Angle of dead rise,
145°.

(b) Hodel 1264—2, Angle of afterbody keel, 6%°,
Figure 4,— Continued, 1
(c) liocel 1264—-3, Angle of afterbody keel, 81°. :

Figure 4,.,~ Concluded,
(a) lodel 1263—-1, Angle of dead rise, 19°,
Angle of afterbody keel, 4°,

Figure 5.~ Ourves of angle of best trim, resistance coef-
ficient at best trim, and trimming-moment coefficient
at best trim, [Hodel 1263 series,

(b) lioGel 126B-2, Angle of afterbody kecel, 6%°

.
e

ure 5,— Continued.
( ) liodel 126B-3,

ure 5.~ Concluded. Angle of afterbody kee
(a) liodel 126C—-1, Angle of dead rise, BS% . g
Anzle of afterbvedy keel, 4°9,
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Figure 13.- Diagram illustrating the method used for the derivation of
stations of Models 126A and 126C.




