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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric - English
Symbol
L Abbrevia- s Abbrevia-
Unit tion g tion

Length______ l meberec: Jeas i tanino m foot (or mile) . ________ ft (or mi)

Timp s 14 focand SN SCOH NS oh 8 second (or hour)._______ sec (or hr)

Boreezic s F weight of 1 kilogram_____ kg weight of 1 pound._____ 1b

Power. . ¥re P horsepower (metrie) - . __|_._._______ horsepower_ _. ___.____ hp

Sroad v {kilometers per hour____-_ kph miles per hour. . ______ mph

LG Ao meters per second_ - _____ mps feet per second________ fps o
2. GENERAL SYMBOLS
Weight=mg o Kinematic viscosity
Standard acceleration of gravity=9.80665 m/s* p Density (mass per unit volume)
or 32.1740 ft/sec? Standard density of dry air, 0.12497 kg-m—*-s? at 15° C

N and 760 mm; or 0.002378 Ib-ft—* sec?

: Specific weight of ‘“standard” air, 1.2255 kg/m® or
Moment of inertin—=mk?. (Indicate axis of 0.07651 lb/cu it

radius of gyration k& by proper subscript.)
Coefficient of viscosity

3. AERODYNAMIC SYMBOLS

Area 1% Angle of setting of wings (relative to thrust line)
Area of wing e Angle of stabilizer setting (relative to thrust
Gap i 7 line)
Span Q Resultant moment
Chord Q Resultant angular velocity
2
Aspect ratio, i R Reynolds number, pE where /s a linear dimen-
S 7
True air speed sion (e.g., for an airfoil of 1.0 ft chord, 100 mph,

standard pressure at 15° C, the corresponding

5 1
el e 2pV2 Reynolds number is 935,400; or for an airfoil

] : L of 1.0 m chord, 100 mps, the correspondin
l C B ) ) P g
Uit aumslite corticient £ g g8 Reynolds number is 6,865,000)
: D Angle of attack
i lut flicient Op=—¢ i ©
i aDsole OOt 7S = € Angle of downwash
Profile drag, absolute coefficient Q=20 o Angle of attack, infinite aspect ratio
chi 3 = Q‘S « Angle of attack, induced
Induced drag, absolute coefficient CD,=Q‘ @ Angle of attack, absolute (measured from zero-
qS Lift position)
D, Y Flight-path angle

Parasite drag, absolute coefficient OD’=§S

Cross-wind force, absolute coefficient Cc=q—%
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AERODYNAMIC AND HYDRODYNAMIC TESTS OF A FAMILY OF MODELS OF FLYING-BOAT
HULLS DERIVED FROM A STREAMLINE BODY—NACA MODEL 84 SERIES

By Joun B. ParkinsoN, RoLanp E. OusoN, EuceEneE C. DrALEY, and Arvo A. Luoma

SUMMARY

A series of related forms of flying-boat hulls representing
various degrees of compromise between aerodynamic and hydro-
dynamic requirements was tested in Langley tank no. 1 and in
the Langley 8-foot high-speed tunnel. The purpose of the
investigation was to provide information regarding the penalties
in water performance resulting from further aerodynamic refine-
ment and, as a corollary, to provide information regarding the
penalties in range or pay load resulting from the retention of
certain desirable hydrodynamic characteristics.  The informa-
tion should form a basis for over-all improvements in hull form.

The related models of the series were based on an arbitrary
streamline body of revolution. The variations in form were
developed in such a way as to show clearly the effect of con-
ventional departures from the ideal streamline body made in the
design of flying-boat hulls.

The models were 114.85 inches long and the diameter of the
basic streamline form was 15.92 inches. In the hydrodynamic
tests, resistance and trim or trimming moments were measured
at all speeds and loads of interest and the spray patterns were
photographed.  In the acrodynamic tests, lift, drag, and pitch-
ing moment were measured with transition fived at 5 percent of

the length, at speeds wp to 420 miles per hour, and at Reynolds -

numbers wp to 30,000,000.
The results of the investigation are summarized as follows:

(1) Effect of varying height of bow

Increasing the height of the bow by warping the form decreases
the trim and increases the resistance at low speeds. A low bow
runs cleaner in smooth water than a high bow of the same length
because of the increased fore-and-aft curvature of the high bow.
Increasing the height of a well~faired bow by warping the form
has only @ small adverse effect on the aerodynamic drag.

(2) Effect of varying height of stern

Increasing the height of the stern by warping the basic form
but holding the afterbody position fixed increases resistance and
trim at speeds below the hump, decreases the hump speed, and
does not affect the value of the maximum resistance at the hump.
A low stern runs awash and requires a higher position of the
tail surfaces relative to the deck. Increasing the height of the
stern by warping the basic form but holding the afterbody posi-
tion fized has a large adverse effect on the aerodynamic drag;
varying the height of the stern of the streamline body alone has

no adverse effect on the drag but increases the angle of minimum
drag as would be expected.
(3) Effect of increasing angle of dead rise at bow

Increasing the angle of dead rise at the bow by dropping the
keel line reduces only slightly the resistance at low speeds but
results in a large improvement in cleanness of running. The
modification is out of the water at the hump speed and for a
well-faired form has little or no effect on the aerodynamic drag.

(4) Effect of decreasing angle of dead rise on afterbody

Decreasing the angle of dead rise on the afterbody decreases
the trim at speeds wp to and including the hump speed. The
decrease in trim reduces the resistance at these speeds and tends
to increase the clearance of the tail extension.

(5) Effect of increasing depth of step

Increasing the depth of the step by raising the afterbody
parallel to itself has only a small effect on resistance and spray
at low speeds and decreases resistance at planing speeds. Too
shallow a step results in a violent instability at high speeds that
is most pronounced when the afterbody keel approaches the
horizontal. Inereasing the depth of step from 2.5 to 4.} per-
cent of the beam increases the aerodynamic drag only 2 percent.

(6) Effect of increasing angle of afterbody keel

Increasing the angle of afterbody keel results in large increases
in trim and resistance at the hump speed, most of the increase
in resistance being attributed to the inerease in trim; it lowers
the resistance at planing speeds. A low angle of afterbody keel
results in the cleanest running at low speeds. Increasing the
angle of afterbody keel increases the trim at which the violent
instability resulting from too shallow a step will be encountered.

(7) Effect of addition of chine flare

Chine flare added exterior to the straight bottom sections of
the forebody has only a small effect on the resistance and trim
up to and including the hump speed but results in a marked
improvement in cleanness of running. Chine flare added to the
afterbody reduces the resistance at the hump speed and slightly
inereases the resistance at planing speeds.
(8) Effect of addition of third planing surface

The addition of a third planing surface on the model with the
lowest stern has a negligible effect on the trim and resistance—
a remarkable result because the stern sections without the
planing surface are circular and heavily wetted. The addition
of the planing surface somewhat reduces the wetting of the stern.

1
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(9) Effect of rounded chines at bow

Rounding the chines at the bow results in very poor spray
characteristics in smooth water and probably would be imprac-
ticable in rough water.

(10) Design charts

The results of general free-to-trim and fized-trim tests of a
model incorporating the most promising of the forms tested are
presented in the form of design charts for estimating static water
lines and take-off performance. The aerodynamic data, be-
cause of their unique character, are presented completely for
use in estimating the effect of the wvariables investigated on
aerodynamic performance.

It is concluded that the aerodynamic drag of a planing type
of hull need not be more than 25 percent greater than that of
the streamline body from which it is derived. This difference
might be reduced by the development of a form of afterbody that
has less influence on the flow than does the conventional pointed

type.
INTRODUCTION

The aerodynamic drag of hulls is an important factor in
the design of long-range flying boats, not only because of
its effect on speed but also because of its influence on pay
load, which is more important. Because of the long dis-
tance involved in transoceanic routes, the fuel load must be
a large part of the useful load carried. The pay load on
such flights is small and its size is largely dependent on the
magnitude of the fuel load, even in cases of the largest craft
now built or contemplated. Under these conditions of
operation, the weight of the fuel required for power to over-
come the drag of the hull is large in terms of pay load. The
further development of the planing type of hull for long-
range flying boats, therefore, should be toward forms that
combine the lowest possible aerodynamic drag with satis-
factory hydrodynamic qualities.

The first step by the NACA in furthering this develop-
ment was the investigation of two forms of hull in which
the fore and after planing surfaces were shaped to follow
as closely as possible an arbitrary streamline body derived
from a solid of revolution (reference 1). The forms were
generally satisfactory in the tank although they showed
some evidence of “‘sticking’” and high water resistance at
high speeds and some ‘“dirtiness” at low speeds. Their
aerodynamic drag was low enough, however, to warrant the
acceptance of a certain degree of poor water performance.

It was evident from the tank tests of these models that
the limitations on reductions in aerodynamic drag imposed
by the hydrodynamic requirements were not definite enough
to provide simple guides for the most favorable compromise.
It was therefore decided to obtain hydrodynamic and aero-
dynamic information on a series of related forms of hull
representing various degrees of compromise between the
requirements in the air and on the water. These data would
make it possible to obtain an idea of the cost in water per-
formance to be paid for further aerodynamic refinement and
of the cost in range or pay load to be paid for certain desirable
hydrodynamic characteristics and would be further guides

for over-all improvements in form. The NACA model 84
series of hulls was designed for this purpose.

The models of the series were made generally similar to
model 74—A (reference 1) except that a V-section was adopted
for the planing surfaces instead of the section with rounded
keel incorporated in that model. The use of the V-section
resulted in slightly greater departure from the form of the
basic streamline body than was the case with the earlier
models but seemed to be preferable for operation in waves.
In the design of the series, the plan forms of the streamline
body and the planing surfaces were held constant. The
variations of form included in the scope of the investigation
are as follows:

Height of bow

Height of stern

Angle of dead risze at bow

Angle of dead rise on afterbody

Depth of step

Angle of afterbody keel

Addition of chine flare

Addition of third planing surface on tail
Rounding of chines at bow

Depth of streamline body

The models of the series were tested in Langley tank no. 1
to obtain the effects of the variations in form on the water
resistance, flow, and general behavior. The aerodynamic
tests were made in the Langley 8-foot high-speed tunnel and
provided an unusual opportunity to obtain the effects on
the aerodynamic forces at high values of the Reynolds num-
ber. The tests in both the tank and the wind tunnel were
made with models of the hull alone and hence do not include
the effects of interferences between the hull and the aerody-
namic surfaces or the possible effects of the changes in form
on the dynamic stability.

DESCRIPTION OF MODELS

The lines of the NACA model 84 series, illustrating the
mutual relationships of the variations in form, are shown in
figure 1. Enlarged body plans showing the shape of the
transverse sections in detail are given in figure 2. The
numerical values of the offsets used in the construction of
the models are included in tables I to III for use in reproduc-
ing the detailed form of the sections.

The basic forms in all cases were derived from the arbitrary
body of revolution, having a fineness ratio of 7.22 and maxi-
mum ordinate at 30 percent of the length, described in
reference 1. Because of the anticipated use of supercharged
hulls for long-range seaplanes, the basic forms were consid-
ered to represent the circular shell under internal pressure
and the modifications for water performance were, in general,
made exterior to them.

The basic cross section of the planing surfaces is a straight
V having an angle of dead rise of 20°. The sides of the V
were drawn tangent to or as close to the circular section of
the basic form as the proper longitudinal form of the planing
surfaces would allow. Typical relationships between the
sections of the planing surfaces and those of the basic forms
are indicated on the body plans.
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FIGURE 1.—Lines of NACA model 84 series, showing variations in form investigated.
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(a) Bows 1 and 1A. (b) Bow 2. (c) Bow 2B.
FI1GURE 2.—NACA model 84 series. Body plans.
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Ficure 2.—Continued.
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F1GUure 2.—Concluded.
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In all the models, the axis of the body of revolution was
taken as the base line. The variations in height of bow and
in height of stern were obtained by bending the axis (center
of radii) vertically upward from station 10, which is at the
maximum ordinate, toward the ends. In the variations of
the bow, the sections of bows 1, 2, and 3 and the sections of
bows 2B and 3B are the same, the differences being in their
vertical position. The axis of bow 1 is horizontal and
coincides with the base line. The chines at the bow are located
in a plane passing through the axis of revolution of the basic
form. The curvature of the axes of bows 3 and 3B is such
as to give a horizontal deck line forward. The heights of
the axes of bows 2 and 2B are one-half those of bows 3 and
3B; thus the variations in height of bow sections in the series
are linear. In the variations of the stern, the height of the
basic form was changed but that of the planing surfaces
was held constant. The axis of stern 1 is horizontal and
coincides with the base line. This stern was not included
in the hull models because the tail obviously is too low for a
suitable support for tail surfaces and for proper location of
the after planing surface exterior to the basic form. The
curvature of the axis of the basic form of stern 3 is such as
to give a horizontal deck line aft. The heights of the axes
of sterns 2 and 2C are one-half those of stern 3 and the heights
of the axis of stern 4 are 1.5 times those of stern 3; thus the
variations in the height of the basic form aft and in the verti-
cal distance between the basic form and the after planing
surface are linear.

In bows 1, 2, and 3, the V-bottom sections are tangent to
the basic streamline form and have a constant angle of dead
rise of 20°. These sections result in a developable bottom
surface and a minimum departure from the basic form for
V-sections exterior to it. In bows 2B and 3B, the original
keel line was dropped to give a progressive increase in angle
of dead rise from 20° at station 10 to 60° at the bow. This
modification results in greater departure from the basic
form but provides a sharper entrance for the immersed
portion of the hull.

The chine flare is exterior to and tangent to the straight
V-sections and therefore slightly reduces the effective dead
rise. Forward of station 10, its width is one-fifth the half-
breadth and it is curved to be horizontal at the chine. Aft
of station 10, the width of the chine flare is arbitrarily re-
duced to 18 percent of the half-breadth at the step and the
angle of the chine is slightly above the horizontal. In this
region, the width inboard of the flare is constant. On the
afterbody, the form of the flare at each station is the same
as at the step. The models were originally made with the
flare, which was removed during the tank tests by planing
it off.

The models of the series were made with a common depth
of step of 2.58 percent of the beam at the step and an angle
of afterbody keel of 5.50°. These values resulted in the
highest position of the afterbody planing surface for stern 2
without cutting into the basic form aft and represented the
lower limits of depth and angle used in practice. Higher
values were obtained with removable blocks fitted in stern 4,

T42740—47—2

which had sufficient clearance between the highest after-
body position and the basic form to avoid cutting into it.
Five blocks were provided as follows:

\
Depth of Angle of

Block step, percent | afterbody
! beam at step |  keel, deg
=
4 2.58 5. 50
4D 3.55 5. 50
45 4. 52 5.50
4F 2. 58 7.25
4G 2.58 9. 00

Block 4 was made with chine flare, which was subsequently
removed. For simplicity, the remaining blocks were made
with straight V-sections and the models were tested with
chine flare on the forebody only.

An additional block, block 4H, having straight V-sections
with the angle of dead rise decreased from 20° at the step
to 0° at the stern post was provided for stern 4. In this
block, the depth of step was 2.58 percent of the beam at the
step and the angle of afterbody keel was 7.25°.

Stern 2C is the same as stern 2 except that the shape
of the basic form was altered to provide a third planing
surface under the tail for cleaner running during immersion
at low speeds. The surface has straight V-sections with
20° angle of dead rise and fades out above the afterbody
planing suface in the usual manner. In this case, the
surface cuts into that of the basic form; it is unlikely that
this part of the hull would be supercharged. Stern 2 was
chosen for this modification because of the additional dirti-
ness expected with the low tail, which would not be so
marked in the case of the higher tails.

Bow 1A is the same as bow 1 except that the chines are
rounded forward of station 7 using an expanding radius
as shown on the body plan (fig. 2 (a)). This modification
was applied only to the low bow because the hydrodynamic
effect of the rounded chines would be less marked in the
case of the higher bows.

Figure 3 shows profiles of the models tested in the wind
tunnel in the present investigation. Nose 1 and tail 1
reproduce the body of revolution from which the models
of the series were derived and the combination represents
the streamline body of lowest drag with which the drags of
the hull models may be compared. In the second form,
the depth of the original body is arbitrarily increased 50
percent by inserting a uniform spacer at the axis of revolu-
tion. This modification does not affect the hydrodynamic
characteristics and therefore was not included in the tank
series. The rest of the forms investigated are the same as
those tested in the tank.

The models of the series are identified in the data from
the tests according to table IV. The models were made of
Jaminated white pine in sections, divided vertically at sta-
tion 10 (maximum beam) and horizontally along the axes of
the basic forms. The bow and the stern sections were
bolted together internally and the top and bottom halves
were held together by through bolts; the recesses for the
nuts of these bolts were filled with beeswax and plasticine.
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Tail 3
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Basic streomline shapes

/14.85"

33.23" 31.52*

““~Center of moments - all models

Height of bow. No chine flare.
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T Stern 3
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Bow / = .
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e ASS
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Angle of dead rise at bow. Medium bow.
No chine flare.

A= ...Stern 4
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Bow / - = I + = - = = —= =
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5 N
A< <
Depth of step. No.chine flare.

F1GURE 3.—Lines of NACA model 84 series, showing forms tested in wind tunnel.
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This arrangement provided the variety of forms described
with the minimum of component parts and a means of in-
creasing the depth of any model by spacers, as in model 84-1.

For the tank tests, the models were filled by several coats
of thinned varnish and finished with three coats of grey pig-
mented varnish rubbed between coats. Special care was
taken to prevent swelling of the pieces because of moisture,
and the slight ledges at the joints found on assembly were
satisfactorily faired with beeswax.

For the aerodynamic tests, from 14 to 20 coats of lacquer
were sprayed on the models and the lacquer was sanded be-
tween coats. The final coat of lacquer was finished by
sanding in the direction of air flow with No. 400 carborundum
paper until the models were aerodynamically smooth. Un-
fortunately, the photographs indicate a degree of irregularity
and roughness that did not exist. This appearance of rough-
ness was caused by the variation in shades of the filler and
the paint that were used.

HYDRODYNAMIC TESTS

APPARATUS AND PROCEDURE

Langley tank no. 1, in which the models were towed, is
described in reference 2. The most comprehensive deserip-
tion of the present equipment and of methods of testing
may be found in reference 3.

Most of the variations in the series are of such a nature
that the parts changed are clear of the water except at low
speeds when the models are deeply immersed. At these
speeds, the water forces predominate and the trim is nof
greatly influenced by the position of the center of gravity
or by external moments applied by the propellers and aero-
dynamic surfaces. It was therefore considered adequate to
investigate the effect of the variations by general free-to-trim
tests up to the speed at which the afterbody planing surface
was first clear of the water. This procedure provided
representative information on resistance and flow about
the models at trims corresponding to those encountered in
practice. At the same time it greatly reduced the testing
required to obtain similar information by general tests at
fixed trim.

In the case of variations in the form that are normally
wetted at planing speeds, the usual general tests at fixed
trim were made over a wide range of speed, load, and trim
to determine the effect of the variations in forms on the re-
sistance and behavior at high speeds and in addition to
provide data for design purposes. All the models were
tested by the general free-to-trim method at low speeds and
models 84-AF, 84-EF-1, 84-EI'-3, and 84-EF-4 were tested
by the general fixed-trim method.

In the free-to-trim tests, the model was free to pivot about
an assumed center of gravity and was balanced about this
point. For convenience, the pivot was located above the
deck line on the assumption that small changes in vertical
position would have small effect on the trim. Model 84-EF,
having the low bow and high stern, was tested first with

three longitudinal positions of the center of gravity. From
the results of these tests, the position 7.20 inches forward
of the step was chosen as a suitable common position for
all the models and as the center of moments for the tests at
fixed trim.

The appearance of excessive dirtiness and spray at the
bow at low speeds was assumed to indicate the maximum
practical load and was found to be that corresponding to a
load coefficient of 0.8 at the hump speed. It was not consid-
ered advisable to go to higher load coefficients with the
length-beam ratio used in the series even in the case of the
higher bows.

In judging the effects of the variations on water perform-
ance, the flow and spray were considered the most important
hydrodynamic data because of the small effect of most of the
variations in form on the resistance at the hump speed. A
large number of photographs of the spray patterns were
obtained to record the effect on the spray pattern of the
changes in form and to aid in determining suitable com-
promises with the aerodynamic properties as determined in
the wind-tunnel tests. Tests involving variations in the
form of bow generally were photographed from ahead of the
model in order to obtain indications of the relative heights
of the bow spray; and tests involving variations in the form
aft were photographed from behind to record the spray
pattern in the region of the tail extension.

RESULTS AND DISCUSSION

The results of the model 84 series tests were reduced to
the usual coefficients based on Froude’s law to make them
independent of size. In this case, the maximum beam was
chosen as the characteristic dimension. The nondimensional
coefficients are defined as follows:

Oy load coeflicient (A/wb?)

Cr resistance coefficient (R/wb?)

Cy speed coefficient (If*’/\/gb)

() trimming-moment coefficient (M /wb*)

Cy draft coefficient (d/b)

where

A load on water, pounds

w  specific weight of water, pounds per cubic foot (63.3
for these tests; usually taken as 64 for sea water)

b maximum beam, feet

R resistance, pounds

V' speed, feet per second

g acceleration of gravity, 32.2 feet per second per second

M  trimming moment, pound-feet

d draft at main step, feet

Any consistent system of units may be used. The moment
data are referred to the center of moments shown in figure 1.
Tail-heavy moments are considered positive. Trim is the
angle between the base line of the model and the horizontal.

Selection of the longitudinal position of the center of
gravity.—The results of the general free-to-trim tests of
model 84-EF at three fore-and-aft positions of the center
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of gravity are shown in figure 4. Moving 22
the center of gravity from 5.7 inches to [
7.2 inches forward of the step caused a small
decrease in trim and a small reduction in
resistance. Changing the position from 7.2
inches to 8.7 inches forward of the step
produced a negligible variation in resistance. 8t
At the most forward position, the low trim
made the bow appear dirty and the model
displayed a greater tendency toward longi- 6
tudinal instability. The intermediate posi-
tion, 7.2 inches forward of the step, was
used for the rest of the investigation. 14
Effect of varying the height of the bow.—
Raising the bow, if the forebody length is
kept constant, reduces the buoyant and
hydrodynamic lift of the forebody at low
speeds. This reduction results in the de-
crease in trim at low speeds shown in the
general free-to-trim curves of figure 5. The
decrease in trim is accompanied by a defi-
nite increase in resistance for the higher
bows, models 84-BF and 84-CF. In the
case of the higher bows, the increased con-
vexity of the buttock lines produces a more
blunt entrance into the water, causes a tur-
bulent bow wave (figs. 8 to 11) to be thrown
forward, and increases the resistance. The 04}
approximate heights and densities of the
spray for the three bows may be compared
in the photographs of figures 6 to 11. The 02}k 14
low bow, model 84-AF, representing the

201

(3 .
3 3 N

Resistance coefficient,

(@]
x
T

C.G. forward of step, in.
=5

7.2

----- — 87

I L 1 l

smallest departure from a streamline form, Gl

not only has the lowest resistance but also otio .

is the cleanest running bow. g
Removing the chine flare did not change B £

the order of merit of the bows but accentu- RS

ated the increased turbulence of the high

bow. The use of any of the bows without H

the chine flare is inadvisable, however, L2

because of the height and the amount of

the spray at low speeds (figs. 7, 9, 11). 0 25

It must be remembered that the curves
and photographs given were obtained
from tests made under relatively smooth
water conditions. If the hulls were tested in rough water,
the low bow would be very dirty because it does not have
sufficient clearance. It is thought, therefore, that a moder-
ate departure from the basic form, produced by raising the
bow, would be preferable for cleanness at low speeds. If
the forebody was lengthened at the same time the bow was
raised, the entrance in the water would be less abrupt and
the spray characteristics would be improved. A higher bow
of this type might be more favorable even in smooth water.

Y LS 20 25 30 3.5 4.0 45
Speed coefficient, C,

Fi1cUure 4.—Effect of longitudinal position of the center of gravity. Model 84-EF.

Effect of varying the height of the stern.—A comparison
of the resistance and trim curves for three heights of the
stern is made in figure 12. This investigation was made by
the general free-to-trim method because the portion of the
hull that was varied is completely clear of the water just
over the hump speed. The discontinuity near the hump
speed, which is associated with the clearing of the tail from
the water, occurs at a lower speed as the tail is raised. The
maximum resistance is about the same for the three models
but the speed at which it occurs is lower for the high sterns.
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Resistance coefficient, C,
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FiGURrE 12.—Effect of height of stern.
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Below hump speed the model with the low stern, model
84-DF, has the lowest resistance and trim. The decreased
trim indicates that the round tail, which is wetted at these
speeds (fig. 13), instead of producing hydrodynamic suction
actually develops hydrodynamic lift. The low trim is the
greatest factor in producing a reduction in the resistance
because the model is then running at an attitude nearer the
trim for minimum water resistance.

The effect on the spray produced by varying the height
of the stern can be seen by studying the stern photographs
of figures 6, 7, and 13 to 16. At low speeds, the sides of
the stern of model 84-DF are wetted out to the tail, whereas
the sides of the high sterns are relatively dry. The photo-
graphs show that the tail extension for the high sterns is
clear of the water at lower speeds, as was indicated on the
resistance curves. After the tail extension is clear of the
water, the models are all at about the same trim and the
spray patterns are similar.

Although the low stern, model 84-DF, has the lowest
hydrodynamic resistance and is the nearest approach in the
series to a streamline form, the photographs show that it
is impractical because the deck of the tail, on which the
control surfaces are attached, is actually submerged at
some speeds and loads. Provision would have to be made to
give the tail assembly greater clearance if this form of
hull were to be used.

Removing the flare from the chines of the models did
not change the relative performance of the tail extensions.

Effect of increasing the angle of dead rise at bow.—The
offect of increasing the angle of dead rise of the intermediate
bow, model 84-BF, and of the high bow, model 84-CF, is
shown in the general free-to-trim curves (fig. 17). With
the angle of dead rise increased forward, a slight reduction
in the resistance is obtained before the hump speed, whereas
the change in trim produced by this variation is negligible.
With the chine flare removed, the reduction in resistance
was slightly greater. At the hump speed, the portion of the
hull affected by this change in form is completely clear of
the water.

The main effect of the variation in dead rise at the bow
is the change produced in the flow and the spray originating
at the bow. A comparison of figures 8 with 18, 9 with 19,
10 with 20, and 11 with 21 shows that the finer entrance
(finer water lines) of the hull, obtained by increasing the
dead rise, definitely improved the cleanness of running at
low speeds. Instead of a heavy turbulent wave being shoved
forward, models 84-BF, 84-CF, 84-B, and 84-C, the bow
wave is lighter and most of the water is thrown laterally,
models 84-FF, 84-CF, 84-F, 84-G. The removal of the
chine flare probably accentuates this improvement in spray
characteristics. The bow of model 84-FF appeared to be
the best in the series. :

Effect of a decreasing angle of dead rise on the afterbody.—
The results of the general free-to-trim tests of model

© suspension.

84-EF-4 and model 84-EF-6 are compared in figure 22. The
decreasing dead rise aft increases the lift of the afterbody
and therefore reduces the trim. A reduction in trim of 2°
is obtained at the hump. The corresponding reduction in
resistance is about 15 percent. Most of the reduction in
resistance is due to the lower trim.

The effect of angle of dead rise on the afterbody is shown
in figures 23 and 24. Model 84-EF-6 runs a little cleaner
than model 84-EF-4 because of the decreased trim that
tends to bring the afterbody and tail extension clear of the
water.

Model 84-EF-6 showed the least tendency toward a
lateral instability at low speeds that seemed to be inherent
in the series. In the photographs of model 84-EF-4 (fig. 23)
at a speed coefficient of Cy=2.13 and a load coefficient
of (y=0.4, a laterally projected jet of water originating
under the afterbody is seen striking the side of the wake.
With the heavy loads, Ca=0.6 and C4=0.8,"this et has a
high enough velocity to bounce back, hitting the side of the
model forward of the stern post. This flow is generally
unsymmetrical and causes the model to swing laterally on the
The instability is accompanied by a discon-
tinuity in the resistance. With a decreasing dead rise on the
afterbody, model 84-EF-6, the unsymmetrical flow appar-
ently was reduced and the lateral instability was negligible.

It is doubtful if this instability is serious, inasmuch as it is
present in most models with pointed afterbodies that are
tested in the tank. The method of towing probably magni-
fies this characteristic.

Effect of increasing the depth of the step.—At low speeds,
the variation of depth of step has only a small effect on
either the resistance or the spray (figs. 25 and 26 to 28). At
the hump speed with the heaviest load on the models, in-
creasing the depth of step from 0.40 inch, model 84-EF-1, to
0.70 inch, model 84-EF-3, resulted in a maximum increase
in trim of about 1° and a corresponding increase in resistance
of approximately 5 percent. The greater part of this change
in resistance is due to the change in trim. This fact is
ovident if the resistance for model 84-EF-3 is determined
from the general test data (see fig. 40) using the same trims
obtained for model 84—EF-1 in figure 25.

The only visible effect on the spray at low speeds is the
clearing of the afterbody from the water at a lower speed for
the greater depth of step. (See figs. 26 to 28.)

In figure 29, the resistance coefficients at high speeds for
0.40-inch and 0.70-inch depths of step are compared at
attitudes of the hull (trim 7 for minimum water resistance,
for 5°, and for 6°) which are practical for the operation of the
hull and presumably can be obtained with the control
moment available at these speeds. The effects of increasing
the depth of step were similar to those reported in reference 4.
Increasing the depth of the step by raising the afterbody
provides greater clearance and reduces the resistance.
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In figure 29, model 84-EF-1, no data are shown for the
light loads at 5° and 6° trim because of a sticking and ac-
companying vertical instability not present at the trim for
minimum water resistance. A similar sticking and instabil-
ity is reported in reference 1. When the trim of the hull is
such that the afterbody keel is nearly horizontal, the flow
from the main step suddenly covers the entire afterbody
planing surface and the resistance and draft are suddenly in-
creased. The flow then changes, permitting the model to rise
again. Often the model jumped completely clear of the

Chine flare on forebody only.

water  The instability did not appear at the trim for mini-
mum water resistance because the attitude of the hull was
below the range in which the afterbody surfaces are parallel
to the water. At a trim of 8° at high speeds, the forebody
of the model is clear of the water for light loads and the
resistance and spray are the same as obtained when a hull is
running on the afterbody only. Increasing the depth of
step to 0.70 inch (4.4 percent of the beam) by raising the
entire afterbody apparently removed the tendency toward
mstability.
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AERODYNAMIC AND HYDRODYNAMIC TESTS OF A FAMILY OF MODELS

It was difficult to interpret the sticking and
instability in terms of full-scale performance
because no attempt was made to obtain dy-
namic similarity. The mass moving vertically
included the heavy model, the towing gate,
and counterweights used for adjusting the load
on the model. The model was also being towed
at fixed trims and any changes in moment had
no effect on the attitude of the hull.

Later experience with dynamic models indi-
cates that the depths of step used in the series
were too small for present-day take-off speeds.
Depths of step from 6 to 10 percent of the Rids
beam are now considered necessary to avoid
dangerous instability at high-water speeds in-
duced by the sticking observed in the present
tests.

Effect of angle of afterbody keel.—A com-
parison of the low-speed performance for three
angles of afterbody keel is presented in figure
30. As the angle of afterbody keel is increased,
the buoyancy and the hydrodynamic lift of the
afterbody are reduced for any definite trim.
To compensate for this decrease in lift the
model tends to assume a higher trim. At very
low speeds, this increase in trim is small and
the change in resistance is negligible. The

22 r

18r

A6

® 3 Y
T T R i3

Resistance coefficient, G,

S
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T
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OF FLYING-BOAT HULLS

maximum effect is found at the hump speed 04 83-27:-’// BC;N Stern  Depth of step, in.
at which an increase in angle of afterbody # il
keel of 3%° caused a maximum increase in trim S e “ 35
of about 4° and an accompanying increase in e [ == = Ry / 4 .70
free-to-trim resistance of about 25 percent. L2
Most of the increase in resistance is due to
the change in trim, the higher trim causing a Ore n
greater departure from the trim for minimum e
water resistance. §
The spray photographs for the variations of HLE
angle of afterbody keel are given in figures 23, -4
26, and 31. With the high angles of afterbody
keel, the roach from the after planing sur- e
faces continues to strike the tail extensions s i i e o =t = 73 i

at slightly higher speeds. The greater clear-
ance provided by the high angle of after-
body keel causes the afterbody to come out
of the water at a lower speed. From observations and
photographs it is concluded that at low speeds the model
with the low angle of afterbody keel, model 84-EF-1, was
the cleanest running.

In the investigation of the effect of this variation on high-
speed performance, angles of afterbody keel of 5.50° and
7.25° were used. Using a higher angle is not advisable
because it obviously causes too great an increase in the

Fi1GURE 25.— Effect of depth of step.

Speed coefficient, G

Angle of afterbody keel, 5.5°. Chine flare on forebody only.

hump resistance. The results of the tests are compared
(fig. 32) at the trim for minimum water resistance and at
5° and 6° fixed trim. The same conclusions may be drawn
from these tests as were reported in reference 5. By
increasing the angle of afterbody keel a greater clear-
ance is obtained for the afterbody and the area of the
after planing surface struck by water from the main step 1s
reduced.
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Cy=2.05

are on forebody only,

Chin

> of afterbody keel, 5.5°.

Cy=1.6

iz
=
4

Bow 1, stern 4.

FIGURE 26,—Model 84-EF-1.
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Comparison of the curves shows that a
greater difference in resistance is obtained 2
at 6° trim than at 5°trim. A greater differ-
ence is also obtained at 5° than at the trim
for minimum water resistance, which is gen- .22
erally lower than 5°.  The higher trims cause
the afterbody to approach the horizontal and
consequently to be in a position to be wetted .20
by the flow from the main step. The model
with a higher angle of afterbody keel in com-
bination with a shallow step displayed the
same vertical instability noted in the inves-
tigation of the effect of depth of step. The
angle at which the instability occursis changed
to correspond to the angle at which the after-
body keel is parallel to the water surface.
For model 84-EF-4 with a 7.25° angle of
afterbody keel, this instability first appeared
for a load of Ca=0.05 at a trim of 7°. Ata
trim of 8°, Ox=0.10 was also unstable. The
vertical motion was very slight at a trim of 9°.

These tests indicate that an angle of after-
body keel from 5° to 7° is the most suitable
compromise for satisfactory resistance at
the hump speed and at planing speeds. A
form of hull with a decreasing dead rise on
the afterbody in combination with a higher
angle of afterbody keel as in model 84-EF-6
might be used. This combination would
improve the resistance at the hump and auto-
matically maintain increased clearance of the el
afterbody for good high-speed performance. :

Effect of the addition of chine flare.—In
order to investigate the effect of the chine 02l 14
flare, the original models were tested with

18r

61

8 S N
=T T =5

(@]
()
T

Resistance coefficient, G

Angle of afterbody
Stern keel, deg

4 5.50
4 7251
4 8.00

the flare removed. The results of the general &

free-to-trim tests are summarized in figure 33, ok1o

and the effect of the addition of chine flare 3

on the spray characteristics is shown in gt

figures 15, 16, and 26. Ls & -6
In figure 33 a comparison is made of the

effect of adding chine flare to the forebody T4

alone, model 84-EF-1,and to both the fore- Lo

body and afterbody, model 84-EF. The

following comparisons are made with model 0 5 10 15 EY) 55 30 55 20 25

84-E, on which the flare was removed. The
addition of the chine flare on the forebody
alone resulted in a small increase in trim
before the hump, the resistance remaining about the same. At
the hump, the effect on either the trim or the resistance is
negligible. The influence on the spray characteristics
was very marked. It is difficult to determine the effect
of the flare on the spray from the stern photographs
(figs. 16 and 26). At speeds near the hump, the model without
the flare has a higher and more dense bow blister. The
observations indicated, however,that a chine flare on the fore-

Speed coefficient, C,

F1GURrE 30.—Eflect of angle of afterbody keel. Depth of step, 0.40 inch. Chine flare on forebody only.

body is desirable throughout the low-speed range. This con-
clusion is similar to that drawn from the results of tests
reported in reference 6, for corresponding widths and angles
of flare. The addition of chine flare to both the forebody
and afterbody, model 84-EF, not only improved the spray
characteristics but also caused a decrease in trim at the
hump of 1° and a decrease in resistance of 8 percent. Most

of the change in resistance is due to the reduction in trim.
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=)

The presence of the flare on the afterbody .22

increases the lift of the afterbody and {
causes the hull to assume a more favor-
able attitude. The photographs (fig. 15) .20
show the spray and the wave form. The
chine flare on the afterbody apparently
has little effect on the spray produced by /8
the afterbody. The curves (figs. 5, 12,
and 17) show the same reduction in trim

and resistance. The bow photographs 16
(figs. 6 and 7, 8 and 9, 10 and 11) may be
compared to see the effectiveness of flare
on both forebody and afterbody in con- 8T
trolling the spray.
The relative effect of the flare on the
g2t

afterbody at high speeds may be seen by
comparing the fixed-trim tests of model
84-AF and model 84-EF-1 (fig. 34).
These models are similar except for the
tail extension which does not affect the
performance at high speeds. The effect
of the flare on the afterbody at planing
speeds is to increase the resistance.
Effect of the addition of a third planing
surface.—In order to investigate further
the effect of the flow around the stern, a
planing surface with sharp chines was

3
T

S
o
T

Resistance coefficient, G

o
)
T

: N
C,=8

\\
2 .6
Sl
4
Description

Chine flare on forebody
and afterbody

Chine flare on forebody only
Without chine flare

1 1 1 =1

1

added to the original round tail. The ek
results of the general free-to-trim tests

are given in figure 35. The effect of add-

; 5 : .02}-14
ing the chines and the planing surface to

the tail, model 84-H, is small, indicating /2
that the rounded tail, model 84-D, pro- ol
duces no tendency toward sticking. §
There is a negligible decrease in trim just 8 o
before the hump if the third planing sur- s
face is added. The discontinuity at the

hump, associated with the clearing of the 4
tail from the water, occurs at a higher Iz
speed for model 84-H with the added

planing area. 0 T

The photographs (figs. 14 and 36) show
very little difference in spray for the two
models. The amount of loose water
thrown vertically, when the roach strikes the tip of the
tail, is greater for the round tail. With a low afterbody
this effect may be very important. The water striking the
tip of the tail seems to have no effect on the trim.

Effect of chines on the bow.—The general free-to-trim
results with the chines on the bow, model 84-A, and with
the chines rounded, model 84-J, are presented in figure 37.
Although the chines on the bow have little effect on either
the trim or the resistance, the photographs (figs. 7 and 38)
show very large differences in the spray. Instead of having
the spray deflected downward, the model with rounded chines
has a large amount of loose water thrown up and forward.
These photographs indicate that a fading out of the chines

/0 15 20 25 3.0 315 4.0 4.5
Speed coefficient, C,

FIGURE 33.—Effect of chine flare.

at the bow is definitely undesirable even in smooth water.

Design charts.—Complete data for model 84-EF-3 are
presented for design purposes. The detailed general free-
to-trim curves are included in figure 39. The results of the
fixed-trim tests are presented in the form of charts (fig. 40).
The use of these charts is explained in reference 1. The
trims and drafts at rest, covering a practical range of loads,
are given in figure 41. Typical spray patterns at high speeds
near the trim for minimum water resistance are shown in
figure 42. The low-speed photographs are presented in
ficure 28. Because of the large amount of other data pre-
sented in this report, corresponding design data formodels
84-FF-4 and 84-AF have been omitted.
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AERODYNAMIC TESTS |
APPARATUS AND METHODS
Apparatus.—Seven combinations of the o
NACA model 84-series flying-boat hulls
were tested in the Langley 8-foot high- o
speed tunnel and measurements of aerody- '
namic drag, lift, and pitching moment
were made. The present tests were prima- ol

rily concerned with the drag. For pur-
poses of comparison, similar data were w
obtained by testing three streamline bodies St
from which the hull shapes were derived. '
Figure 3 illustrates the various combina-
tions aerodynamically tested. 2

Two vertical streamline struts supported <
the models and these struts, which were ¢
attached to the balance ring of the tunnel, ‘.Q‘é 10k
were braced laterally by additional struts. e
Fairing enclosed the forward vertical strut 8
for most of its length and completely 8 pe
shielded the lateral brace. Pitch-angle 2
changes were obtained by pivoting the 4
model at the front strut and then raising € o6}t

or lowering the rear strut as desired. Fig-
ure 43 shows a streamline model and its
supporting struts in the wind tunnel. Fig- 04}
ure 44 illustrates the method of support-
ing the model by wires for tare runs in
such a way that the model was supported .02t14
in place without touching the struts.
Methods.—Aerodynamic measurements
of drag, lift, and pitching moment were ot+10

Mode/ Bow Stern Description

84-D / z Rounded stern

V-bottom, with
chines on stern

= o / 2¢

1 1 1 ot Y]

I 1y

o

made at 260 miles per hour for a range of . 3
pitch angle a from —4° to 12° in incre- £
ments of 4°. The base line used for pitch- L6 =
angle measurements was that defined in 7
“Description of Models.”  From these
data, the angle of minimum drag was e
determined. ;

With the model set at the angle of min- a 5

imum drag, force measurements were made
at velocities from 100 to about 420 miles
per hour and at a Reynolds number of 30,000,000 based
on fuselage length, data being obtained at eight different
velocities. This investigation is the only one of its type in
which data were obtained at such high speeds, through and
above the actual speed range encountered in flight, and at
such large Reynolds numbers.

Tare runs were made with the plain and warped streamline
bodies. At the pitch angle of 0°, force measurements were

25 3.0 95 4.0 4.5
Speed coefficient, G

1.0 155 2.0
F1GURE 35.—Eflect of chines on low stern. Without chine flare.

made for velocities from 100 to 420 miles per hour; at a
constant speed of 260 miles per hour, similar measurements
were made for various pitch angles from —4° to 12°. The
tare force values thus obtained with streamline bodies were
used with the hull-model data, these force values being inter-
polated and extrapolated when necessary to determine the
tare forces on struts for the different minimum pitch angles
at which the hull models were tested.
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FicUrEe 36,—Model 84-H.
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F1GUrE 37.—Effect of chines on low bow.

PRECISION

The errors that affect the absolute accuracy of the drag
results can be divided into accidental errors and systematic
errors. The accidental errors are the only ones that affect
comparative results and are indicated by the scatter of the
tare results plus the scatter of results. The sum of these
variations is of the order of 2 percent of the drag.

The systematic errors consist of horizontal buoyancy and
tunnel-wall effects. Horizontal-buoyancy corrections ranged
from 5.5 to 6.5 percent of the minimum drag. These correc-
tions were made. No tunnel-wall corrections were made but
the constriction correction, which is probably the greater
part of the total correction, would be about 2.4 percent;

Without chine flare.

consequently, the error due to wall effects was probably less
than 3 percent.

The errors in lift coefficient (', and pitching-moment coef-
ficient (7y; for comparative purposes would best be indicated
by the point scatter and are 40.003(", and 20.001C);.

RESULTS AND DISCUSSION

The aerodynamic force measurements, except as may be
noted otherwise in the figures, were made with fixed transi-
tion that was produced by placing a ring of carborundum
grains 5 percent aft of the bow. In this way, air-flow condi-

tions were produced that approximated the actual conditions
at full-scale Reynolds numbers (figs. 43 and 45).
reference 7.)

(See
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Drag coefficients based on both maximum 22
cross-sectional area and (volume)®? of models

are presented. The coefficients and symbols
used are as follows:

Sl Lt T g f i
b =ga by =g (volume)*"
where / M= €,=8
Cp, drag coefficient based on maximum cross- o 7/
sectional area of model =t
Cp,, drag coefficient based on (volume)?? of ot / r\\ ‘

the model

D drag of model, pounds

¢ dynamic pressure, pounds per square o

foot (%p"”)

A maximum cross-sectional area of model,

N

square feet

xX

and the volume of the model is measured in
cubic feet.

N
S

Lift and pitching-moment coefficients are

based on (volume)*? of models.
Lift

it
sl e

iy .

.

/

A

Resistance coefficient, G

V2 il Y 08
O"—q (volume)?*?
and
S e
M—q (volume)?1 &
where

O, lift coefficient

Oy pitching-moment coefficient 04

M, moment about point of intersection of
base line and line perpendicular to base

line passing through axis of rotation, .02} 14
inch-pounds (See fig. 3.)

! model length, inches it ol o
3 L0 / ool T~
The data are presented as curves of drag Ol Bl A i
coefficient at the angle of minimum drag L —a ot —
against the Reynolds number R based on sE ™~ “\}*[\ .6
Y . = b ® - X—-‘S
'hull length.' Di ag-coofﬁment data as w ol'l as /éﬁ U
important dimensions of the models are given L4 Z 413
intableV Liftand pitching-moment coefficients / &
are plotted against pitch angle for a velocity s >
off 200rniles Per oS 0 70 /5 20 L eshinEs SEMILE 40 s

Varying the height of tail of the streamline
models had no effect on the value of the mini-
mum drag coefficient, but an increase in height
of the tail increased the angle of minimum drag as would be
expected (fig. 46).

Increasing the depth of the plain streamline body by the
addition of an 8-inch spacer block decreased the minimum
drag coefficient, based on area, by about 5 percent; but,
based on (volume)**, the minimum drag coefficient increased
about 6.5 percent (fig. 47). The reason for this variation

Speed coefficient, G,

FIGURE 39.—Model 84-EF-3. Free-to-trim characteristics.

may be readily seen when the figures for the area and (vol-
ume)?”? for spacer with nose 1 and tail 1 are compared with
corresponding values for nose 1 and tail 1 without the spacer.
(See table V.) The increase in (volume)** with the spacer
is not so great as the increase in cross-sectional area; the
drag coefficient based on area is therefore smaller than the
drag coefficient based on (volume)?/3.
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FIGURE 40.—Model 84-EF-3. Continued.
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Increasing the height of bow of the hull models increased
the minimum drag coefficient; the value for the high bow
was 4 percent greater than the value for the low bow, whereas
bow 2 showed only slight increases of the order of 1 or 2
percent. These results indicate that hydrodynamic char-
acteristics will probably be the deciding factor in the choice
of bows. An increase in the height of bows shows a corre-
sponding decrease in the angle of minimum drag (fig. 48).

In figure 49 it is shown that increasing the angle of dead
rise at the bow had little or no effect on the minimum drag
or angle of minimum drag. This result indicates that bows
with greater angles of dead rise may be used with no detri-
mental effects to air drag.

Increasing the height of the stern of the hull models

hull models, due to changes in tail height, are

apparently due to the larger pointed afterbody
sections which accompany the higher tail locations and are
not directly due to the changes in tail height. Hartman’s
tests (reference 8) substantiate this point by showing large
drag differences between two hull models, models 36 and 40,
which differed mainly in that one hull had a large afterbody,
whereas the other one did not.

Increasing the depth of step 75 percent increased the
minimum drag coefficient by only 2 percent and had no
effect on the angle of minimum drag (fig. 51).

The lift and the pitching-moment data are presented in
figures 52 to 54. In the application of these data to the
design of flying boats, it must be remembered that these
data apply for the hull alone and do not include interference
effects of the wing and other parts.
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Ca=.4

Cy=5.50 Cy=710

FIGURE 42.—Model 84-EF-3. Bow 1, stern 4. Depth of step, 0.70 inch; anzle of afterbody keel, 5.5°. Chine flare on forebody only.
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FIGURE 43.

The installation of streamline body, nose 1 and tail I, in the Langley 8-foot high-speed tunnel. Ficure 45.—The installation of the hull combination of bow 3 and stern 3 in the Langley 8-foot high-speed tunnel.

FIGURE 44.

Tare-drag installation to hold model in place by wires so that the model does not touch struts.
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In résumé, increasing the height of the bow, the angle
of dead rise at the bow, or the depth of step of the hull
models did not produce any great changes in drag. Increas-
ing the height of stern, however, produced relatively large
changes in the drag with indications that these changes were
mainly due to the effects of the pointed afterbody.

CONCLUDING REMARKS

The small effects on the drag coefficient of the variations
in the form of bow tested indicate that the method used in
deriving the lines results in a satisfactory aerodynamic form
of bow over a wide range of heigcht of bow. There is little
evidence of significant increases in drag resulting from cross
flow over the chines at the bow even in the case of the greatest
departure from the basic form. It is inferred from the results
that sufficient chine flare to control the bow wave at low
speeds would have a negligible adverse effect on the drag;
likewise, fading out, the chines at the bow would have only
a small favorable effect. With the correct form and location
of chine, an increase in dead rise forward by dropping the
keel line also has a negligible effect on drag.

The photographs of the bow waves at low speeds indicate
that chine flare and increased dead rise at the bow are
definitely desirable for cleanness of running even in smooth

water. Rounding the chines at any point likely to be wetted
in service appears very inadvisable. When all the factors
are considered, bow 2B with chine flare is the most suitable
for the hull loadings investigated. Various alternatives in
form of bow appear to be possible without large increases
in drag, provided that close adherence to the streamline
body is maintained and the chines are correctly located.

The raising of the streamline body aft has no effect on the
drag but, when the hydrodynamic surfaces are added, there
is a large adverse effect. The most suitable compromise
among aerodynamic, hydrodynamic, and structural require-
ments is more difficult to obtain. The tail surfaces must in
any case have sufficient clearance to avoid excessive damage
from spray. Because, when used with a pointed afterbody,
the low tail is aerodynamically and hydrodynamically better
except for the decreased clearance, the best compromise
might be to use the low tail with a pylon to carry the aero-
dynamie surfaces.

The increase in the drag of the hulls over that of the
streamline body is attributed mainly to a strong disturbance
of the streamline flow caused by the afterbody volume
external to the basic form. For this reason, it is inferred
that small changes in form, such as the addition of chine
flare or decrease in the angle of dead rise near the stern
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post, would have little effect on the air flow over the after
portion or on the drag of the hull. On the other hand, these
small changes result in a pronounced decrease in water
resistance at the hump speed and in only a small adverse
effect on the water resistance at high planing speeds; they
therefore appear to be over-all improvements in form if
structurally feasible.

Because of the small increase in aerodynamic drag caused
by increase in depth of step and the marked hydrodynamic
instability resulting from too shallow a step, it appears
inadvisable to attempt to obtain appreciable reductions in
drag by this means, particularly when the take-off speed is
high. The effect of small changes in depth of step on water
resistance can be neglected. Further investigations using a
free dynamically correct model are required to determine the
minimum allowable depth of step for a given hull, and these
investigations would have to be correlated with full-size
behavior to be of practical value. Before this is done, a
minimum depth of step of at least 8 percent of the beam
should be used for the hulls of the series.

The angle of afterbody keel has a large effect on the trim
and water resistance at the hump speed and it must be
fairly low to control properly the trim at this stage of the
take-off. Unfortunately, it was not possible to obtain its
effect on the aerodynamic drag of the series because of the
limited availability of the high-speed tunnel. In the case
of model 11-A (NACA TN No. 525), an increase in angle of
afterbody keel resulted in an increase in drag, presumably
because of increased turbulence behind the step. In the
case of the NACA 84 series, however, there is the possibility
that a higher angle of afterbody keel would decrease the
interference with the flow over the streamline body, which
would have a favorable effect.

The present investigation indicates that the aerodynamic
drag coefficient of a planing type of hull need not be more
than 25 percent greater than that of the body of revolution
from which it is derived. This differential might be reduced
by the development of a form of afterbody that has less in-
fluence on the streamline flow over the after portion of the
basic form than does the conventional pointed type.

LANGLEY MEMORIAL AERONAUTICAL [LABORATORY,
NarioNAL ADvisOrRY COMMITTEE FOR AERONAUTICS,
LancLey Fiewp, VA., March 24, 1943.
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TABLE I.—NACA MODEL 84 SERIES. OFFSETS FOR BOWS 1, 14, 2, 2B, 3, and 3B

[All values in in.]

J ’ I
) D a ¢ ’ d 7
| Distance e
i Station from R b e BaA
) P Bow Bow Bow Bow Bow Bow Bow Bow Bow Bow Bow 0%
1, LA 2, 28 3,3B 1,1A,2,3 | 2B,3B 1,2;3 2B, 3B 1, 1A,12,:31|/2B;3B 1,2,3 2B, 3B

|
‘ Ls T 20
! F.P 0 0 3.37 6.74 0 0 0 0 0 0 0 0 0
‘ 3 .60 0 3.16 6.32 1.24 1.33 2.68 97 .92 .82 .88 .54 .99 0.73 0.29 1.24
{ 2 2.85 0 2.46 4.92 3.04 3.25 5. 56 2.36 2.26 2.05 2.14 1. 56 2.43 1.78 i 1.63
| 3 5.10 0 1.90 3.80 4.16 4.45 6.77 3.23 3.08 2.87 2.92 2.35 3.33 2.44 1. 14 1. 53
i 4 9. 60 0 1.14 2.29 5.67 . 6.04 7.88 4.38 4.18 4,00 3.98 3.51 4. 54 3.32 1.85 1.03

5 14.10 0 .67 1.33 6.63 7.07 8.25 5.13 4.90 4.77 4.65 4.35 5.30 3.88 2. 62 .51
} 6 18. 60 0 .37 .74 7.22 7.70 8.36 5.59 5. 34 5. 26 5.07 4.90 5.78 4.22 3.34 .19
| 7 23.10 0 1t .35 .81 . 8.10 8.42 5.89 5.62 5. 60 5.33 5.26 6.09 4.45 3. 96 .04

8 27. 60 0 .07 .15 7.81 8.32 8.45 6.05 5.77 5.77 5.47 5.45 6.25 4.57 4.34 .00
¢ 9 32.10 0 .01 .03 7.93 8.47 8.49 6.14 5.86 5. 86 5. 56 5. 56 6.34 4.64 4. 57 .00
i 10 36. 60 0 .00 .00 7.96 8.58 8.58 6.25 5.97 5.97 5. 66 5. 66 6.37 4. 66 4. 66 .00
[

Base line-~
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TABLE II.—NACA MODEL 84 SERIES. OFFSETS FCR STERNS 2, 2C, 3, and 4

[A1l values in in.]

D k Stern 2C only
Distance
Station from R e i g h j
e Stern Stern Stern Stern Stern Stern 1 - "
2,2C 3 4 2 3 4
10 36. 60 0.00 0.00 0.00 7.96 6.37 8. 58 6.25 5.97 5. 66
11 41.10 .01 .02 .03 7.94 6.37 8. 68 6.35 6.07 5.76
12 45. 60 .04 .09 .13 7.87 6.37 8.78 6.45 6.17 5.89
13F 50. 10 .10 .21 .31 7.75 6.37 8.88 6. 55 6.27 6.04
13A 50. 10 .10 .21 .31 7.75 6.37 8.48 6.15 5.87 5. 64
14 54. 60 .19 .38 .57 7.58 6.14 8.05 5.80 5. 52 5.29 7.52 0.00 0.19 0.38
15 59. 10 .29 . 59 .88 7.37 5.76 7.62 5.51 5.23 5.00 7.14 .00 .29 .59
16 63. 60 .42 .85 1.27 7a bl 5.15 7.18 5.30 5.02 4.79 6. 53 .00 .42 .85 6. 69 4.20 6.84
17 68.10 .58 1.16 1.74 6.80 4.27 6.75 5.19 4.91 4,68 5.65 .00 .58 1.16 6.22 3. 86 6.48
18 72. 60 75 1.51 2.26 6.45 3.11 6.32 5.1 4.91 4.68 4.49 .00 .75 1. 51 5.70 3.49 6.08
19 77.10 95 1.91 2.86 6.05 1. 58 5.88 5. 31 5.03 4.80 2.96 .00 .90 1.91 5.10 3.04 5. 65
20 81. 60 1317 2.35 3.52 5. 61 00 5.45 5.45 5.17 5.08 1.02 .25 1.42 2. 60 4. 44 2. 56 5.18
21 83. 33 1.26 2.53 3.79 5.43 5.28 5.28 5.28 .00 .62 1.88 3.15 4.17 2.35 4.99
22 86.10 1.42 2.84 4.26 5.12 (.20 rad) 3.70 2.00 4. 68
23 90. 60 1.68 3.37 5.05 4. 59 2.91 1.40 4.15
24 95. 10 1.97 3.95 5.92 4.01 2.04 A2 3.63
25 99, 60 2.26 4. 57 6.83 3.39 1.13 01 3.07
26 104. 10 2.61 5.23 7.84 2.73 .12 =TS 2.47
27 108. 60 2. 96 5.93 8.89 2.03 —.93 —1.59 1.82
28 112.80 3.32 6. 64 9. 96 1.23 —2.09 —2. 50 1.13
29 114. 00 3.43 6.87 10. 30 .87 o —2. 56 —2.85 .80
30 114. 60 3.49 6.98 10. 47 51 —2.98 —3.15 .46
AP, 114.85 3. 52 7.04 10. 56 00
' '
\
\ R
R =
D LT I 5o
Base lne-. J \Base hne-.._ | D Base hne-._j B
7|\I\ A p N l X
h 1 g9 i
7 i |
1
v— X|\I
i e e 4.66-| Sterns 2, 3, and 4 Stern 2C
4.66-°

Stations 10 to 13

el

N, .
‘Base lne

Sterns 2 3 and 4

Stations 22 to 30

Stations 14 to 21

| =

“Base line

Stern 2C

e

SRR
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AERODYNAMIC AND HYDRODYNAMIC TESTS OF A FAMILY OF MODELS OF FLYING-BOAT HULLS

TABLE III.—ADDITIONAL OFFSETS' FOR VARIATIONS IN AFTERBODY BOTTOM OF STERN 4

[Keel and buttock lines are straight]

Afterbody.----—---- 4D 4E 4F 4G 4H

Depth of step_.____ 0.55 0.70 0.40 0.40 0.40

Angle of keel_____-_ 5.50° 5.50° 7.25° 9.00° 7.25°

Distance -
Station from Vi i k i i k I i k 7ji i k f i k
P,

13A 50.10 8.33 5.49 8.18 5.34 8.48 5. 64 R.48 5. 64 8.48 5. 66
14 54. 60 7.9 5.14 0.23 7.75 4.99 0.08 7.91 5.15 0.29 (i 5.01 0.10 7.91 5.57 0.71
15 59.10 7.47 4.85 .44 7.32 4.70 .29 7.34 4.72 .31 7.06 4. 44 .03 7.34 5.48 1.07
16 63. 60 7.03 4. 64 .70 6. 88 4.49 .55 6.76 4.37 .43 6.34 3.95 .01 6.76 5.38 1.44
17 68.10 6. 60 4.53 1.01 6.45 4.38 .86 6.19 4.12 .60 5.63 3.56 .04 6.19 5.27 1.75
18 72. 60 6.17 4.53 1.36 6.02 4.38 1.21 5. 62 3. 98 .81 4.92 3.28 =11 5.62 5.11 1.94
19 77.10 5.73 4. 65 1.76 5. 58 4.50 1.61 5.04 3. 96 1.07 4.20 3.12 .23 5.04 4.85 1. 96
20 81. 60 5.30 4.93 2.45 5.16 4.78 2.30 4.47 4.10 1. 62 3.49 3.12 .64 4.47 4.45 1.97
21 83.33 5.13 5.13 3.00 4. 98 4. 98 2.85 4.25 4.25 2.12 3.22 3.22 1.09 4.25 4.25 2.12

1 For remaining offsets and typical section, see table II.

TABLE IV.—NACA MODEL 84 SERIES

Model Bow Stern Description

84-0 Nose 1 Tail1 | Basic body of revolution

84-1 Nose 1 Tail 1 Same with depth increased

84-A 1 3 Low bow, intermediate stern

84-AF 1 3 Same with chine flare

84-B 2 3 Intermediate bow, intermediate stern

84-BF 2 3 Same with chine flare

84-C 3 3 High bow, intermediate stern

84-CF 3 3 Same with chine flare

84-D 1 2 Low bow, low stern

84¢-DF i 2 Same with chine flare

84-E 1 4 Low bow, high stern

84-EF 1 4 Same with chine flare

84-EF-1 1 4 Same with chine flare on forebody only, block 4

84-EF-2 1 4 {Same as 84-EF-1 except depth of step increased,

84-EF-3 1 4 blocks 4D and 4E, respectively

84-EF-4 1 4 {Same as 84-EF-1 except angle of afterbody keel

84-EF-5 1 4 increased, blocks 4F and 4G, respectively

84-EF-6 1 4 Same as 84-EF-4, block 4F except angle of dead
rise decreased on afterbody, block 4H

84-F oB 3 {Santlebas 84-B except angle of dead rise increased
at bow

84-FF 2B 3 Same with chine flare

84-G 3B 3 {Same bgs 84-C except angle of dead rise increased
at bow

84-GF 3B 3 Same with chine flare

84-H 1 PYe) {Sameta§184~D except third planing surface added
on tai

84-J 1A 3 Same as 84-A except chines rounded at bow
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TABLE V.—BASIC DIMENSIONS AND MINIMUM AERO-
DYNAMIC DRAG CHARACTERISTICS OF STREAMLINE
AND HULL MODELS

Model Dimensions Coefficients
Pit(l:h
: r angle
Min. Min.
Area A | Volume |(Volume)22| ¢ &
Bow Stern | “q'tt) | (cuft) 1t 2) Dy Dy (deg)
(1) (2)
Streamline bodies
1 i) 1.382 8.042 4.0139 0. 0808 0. 0278 0
1 3 1.382 8.042 4.0139 . 0808 . 0278 4
1 1 2. 262 14.245 5. 8764 . 0767 . 0296 0
Plus 8”
spacer
Hull bodies
1 2 1.468 8. 564 4.1859 0. 0909 0.0319 0.6
31 3 1.468 8.663 4.2180 L0973 . 0340 2
2B 3 1.468 8.747 4.2453 0980 . 0340 0
2 3 1.468 8. 663 4. 2180 0980 L0341 0
3 3 1.468 8.663 4. 2180 1010 . 0353 0
1 4 1.468 8.765 4.2511 1084 . 0373 3.1
1 4E 1. 468 8.704 4.2317 1106 0382 3.1
Wigh =D
Dy 74
e o =D
Dy™ ( (volume)2/
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Positive directions of axes and angles (forces and moments) are shown by arrows
Axis Moment about axis Angle Velocities
Force
(parallel Tiicar
Pesterati Sym- 10 a’gsi Designiati Sym- | = Positive Designa- |Sym-| (compo- | A, e
Ehletaduon {Biak | b2 L CRIEnAIOD o1 direction tion bol |nent along| * g
axis)
Longitudinal________ X X Rolling__._.__ L Y—7 Roll=2ian @ % P
Tigberal i - -8 ¥ s Pitching._____ M Z——X Piteht = 0 v q
INofmal 5=, ¥ e Z Z Yawing ... N X—Y Nawsii =2 2 w T
Absolute coefficients of moment Angle of set of control surface (relative to neutral
o L i M o= N position), 5. (Indicate surface by proper subscript.)
T gbS G " qbS

(rolling) (pitching) (yawing)
4, PROPELLER SYMBOLS

D Diameter : : P
b Ghositalricipiioh P Power, absolute coefficient OP_/W
p/D _ Pitch ratio ; 5[V
V2~ TInflow velocity C; Speed-power coefficient= pP—n2
Vo Slipstream velocity > n Efficiency
/5 Thrust, absolute coefficient Cr=—73+; - Revolutions per second, rps

on’D : : v

: . Q 3 Effective helix angleztan“(2 )

Q Torque, absolute coefficient Cpo=—1+; rn

on?DP

5. NUMERICAL RELATIONS

1 hp=76.04 kg-m/s=550 ft-lb/sec 1 1b=0.4536 kg
1 metric horsepower=0.9863 hp 1 kg=2.2046 Ib
1 mph=0.4470 mps 1 mi=1,609.35 m=5,280 ft

1 mps=2.2369 mph 1 m=3.2808 ft






