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NATTONAL ADVISORY COMMITTEZ FOR AERONAUTICS

TECHNICAL NOTE NO. 1576

WIND-TUNNEL INVESTIGATION OF A SYSTEMATIC SERIES OF
MODIFICATIONS TO A FLYING-BOAT HULL

By Felicien F. Fullmer, Jr,.
SUMMARY

An investigation was conducted to determine, for one representative
hull form, the effect on some of the aerodynamic characteristics of
systematic variatlions in the shape and disposition of the chines at and
near the bow and in the depth of the step., The parent hull was of con—-
ventlonal design (length—beam ratio equal to 6,7) and had a depth of
step equal to 8 percent of the bgam. The investigation was conducted
at a Reynolds number of 6.4 X lO6 based on the model hull length and all
the tests were made with the hull attached to a wing which completely
spanned the tunnel,

An analysis of the results obtained at an angle of trim which corre—
sponded to the assumed high-speed attitude of the hulls ( v = -0,29)
showed that the drag coefficient based om hull frontal area of the
"parent" hull was 0,000, Although the variations in the lines of the bow
in general had only a small effect on the drag coefficient of the hull, a
reduction in drag equal to 9 percent of the drag of the parent hull could
be obtalned by using a slender bow (profile view) incorporating a chine
faired to conform more closely to the direction of the air flow at the
bow., The drag coefficient for the hull with deep steps, 12 to 16 percent
of the beam, was the same as that for the parent hull, The drag coef-—
ficient for the hull with a step depth equal to 4 percent of the beam
was 20 percent lsss than that for the parent hull; and complete elimi-—
natlion of this step, except for the chine flare, produced no further
reduction in the drag. A coppromise arrangement consisting of an aux—
iliary longitudinal step and a shallow iransverse step (4 percent of the
beam) produced a hull which had 14 percent less drag than that of the
varent hull and was believed to be hydrodynamically practical. Rounding
a part of the forebody or afterbody chines of the parent hull, efther
sevarately or together, produced the same (18 percent) decrease in the
drag coefficient, The elimination of the sharp chines, the step, and
the small discontinuity caused by the forebody chine flare reduced the
drag coefficient of the parent hull by about 30 percent, One—third of
this total reduction in drag is attributable to the elimination of the
sharp chines whereas the remaining two-thirds is due to the elimination
of the step,
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INTRODUCTION

The aerodynamic drag of hulls is an exceedingly important factor
in the design of flying boate because of its influence on the param—
eters which determine the range and pay load and also because this drag
has an important effect upon the maximum speed, For this reason,
investigations of large scope have been conducted by the National
Advisory Committee for Aeronautics to determine the drag reductions
that can be obtained by the aerodynamic refinement of flyinz-boat
hulls. Some of these investigations previously reported included tests
of conventional hulls of length-beam ratios from 6 to 15 (reference 1),
tests of planing—tail hulls developed by the NACA (reference 2), and
tests to determine the effect of aerodynamic refinement on the drag
characteristics of a conventional hull having a length—beam ratio of 9
(reference 3).

The present series of tests, conducted on a conventional hull of
length-beam ratio of 6.7, were made to determine the effect on aerody-
namic drag of systematic variations in the shape and disposition of the
chines at and near the bow, in the depth of step, and in the chines
rounded on both the forebody and afterbody hydrodynamic surfaces. The
variations were made in such a manner that the results would indicate
the importance of the drag of the bow, the step, and the sharp chines
in relation to the over—all hull drag.

The "parent" form of the series was a hull modeled after that of
a large, modern flying boat, The investigation was conducted in the
Langley two—dimensional low-turbulence tunnel which is described in
reference 4. All tests were made at a Reynolds number of 6.4 X 100
based on the hull length, Although some of the hull configurations
investigated were impractical designs from hydrodynamic considerations,
the tests were made to determine if the reduction in drag would be
sufficiently large to warrent, for example, the incorporation of some
auxiliary device such as a retractable step or retractable chines to
produce a hydrodynamically practical hull.

SYMBOLS
CL 1ift coefficient <..T.J.>
qS
Cm pitching-moment coefficient <E§t>
%)) drag coefficient <é§>
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CDF frontal—area drag coefficient for hull including
/D ..D
interference effect of mounting wing g S x
e

o angle of attack measured between wing chord and air
stream, degrees

T angle of trim of hull measured between hull base and
air stream, degrees

c wilng chord, feet

¢ (o)
q dynamic pressure, pounds per square foot (%pV‘)
S wing area, square feet

hull frontal area, square feet

R Reynolds number based on model hull length
¢} mass density of air, slugs per cubic foot
v air velocity, feet per second

L 1ift, pounds

M pitching moment, foot~pounds

D drag, pounds

Subscripts:

c wing-hull combination

w wing alone

DESCRIPTION OF MODELS

The model had a normal depth of step equal to 8 percent of the beam
and the length-beam ratio was 6.7, A three-view drawing of this basic
model and a table giving model dimensions are shown in figure 1,

In order that changes in the model configurations could be easily
made, the hull was assembled in 3 sections: the upper hull, the forebody
nydrodynemic surfaces, and the afterbody hydrodynamic surfaces which also
included the tail extension (fig. 1).
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The offsets for the upper hull are given in table I, The dimensions
of the canopy and a sketch illustrating the various hull dimensions are
given at the end of the table,

Although the tests of the varlous forebodies were made primarily to
detect the effect of changes in the chine lines near the bow, the keel
ghape was also modified in order that the serles of bow shapes would be
related and would represent practical hydrodynamic designs. The bow
ghapes investigated are shown in figure 2 and the offsets are presented
in table II. The cross—sectional views at station 5.13 (fig. 2) are
typical of the cross sections from the forward perpendicular to
station 12.75. Each of the bow shapes had the same over—all plan form
and was identical in cross section from station 12.75 to the step.

In order to maintain the same frontal area of the hull for all
model configurations, the depth of step was varied by displacing the
afterbody planing bottom vertically., The offsets for the various
afterbodies thereby produced are presented in table III, Two of these
afterbodies, the one used for the tests with O percent depth of step
and the one used for tests with 16 percent (of the beam) depth of step,
are shown in figure 3. This figure also shows that this method of
varying the depth of step necessitated the refairing of the sides of
the hull (see cross—sectional views at stations 33.75 and 41,25) and a
part of the tail extension; but since the vertical sides are simply
straight tangential lines connecting the chine and the upper hull, all
afterbodies had comparable and related fairings., Some additional tests
were made with an auxiliary longitudinal step attached to the forebody
planing bottom, as shown in figure L,

The offsets for the parent hull (model with 8 percent depth of step)
with the forebody and afterbody chines rounded near the bow and sternpost,
respectively, are presented in table IV and photographs of these chines
are shown in figures 5(a) and 5(b). The offsets for the model with
chines rounded over the entire forebody and afterbody hydrodynamic
surfaces are presented in table V and photographs of this configuration
(model with O percent of the beam depth of step) are presented in
figures 5(c) and 5(d). The offsets for the afterbody (table V) also
include ordinates for an afterbody fairing strip immediately aft of the
step. This fillet is necessary to fair out the small step-like discon—
tinuity in the chines that is caused by the added flare of the forebody
planing bottom.

The wing was set at an incidence of 4.3° to the hull base line,
had a chord of 1k.08 inches,snd was of the NACA 63,4120 airfoil section
(ordinates for airfoil given in table VI). The wing completely spanned
the tunnel test section except for 0,03-inch gaps which were necessary
to avoid fouling between the model and the tunnel walls.
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A convenient method of designating the various model configurations
was devised in order to simplify their identification throughout the
rest of the paper, Since the parent hull model was derived from the
offsets of Langley tank model 164, the same series number was retained
as the first part of the designation for the present series of hulls.

In the remaining part of the designation, the letters F and A
followed by numbers designate the particular forebody and afterbody
which was used to form the complete hull., The following table gives
the basic model configurations which were investigated:

Model or hull Model configuration
designation
Forebody Depth of step
shape number (percent beam)
164—F1-A8 F1 8
21 fh—F2-A8 o 8
164—F3-A8 F3 8
164—FL—A8 T 8
164—F2-A0 F2 0
164—F2—Al T2 y
164—Fo-A12 F2 12
164-F2-A16 F2 16
o)

8Parent hull.

Any modifications of the basic configurations are described with a
statement; for example, "model 164-F2-A8 with chines rounded near the
bow" or "model 164—F2-AL with an auxiliary longitudinal step."

PROCEDURE AND TESTS

Since bow doors, turrets, and surface roughness would limit the
extent of laminar flow over the wing and hull of a full-scele flying
boat, transition strips of 0.0l-inch carborundum grains were shellacked
to the model to simulate the effect of such discontinuities in wing and
hull contours, The transition strip on the hull (fig. 1) was located at
a point 5 percent of the hull length aft of the bow of the hull and it
was 0,50 inch in width, The transition strip on the wing, also shown
in figure 1, covered the leading edge and the first 8 percent of both

surfaces,

Lift, drag, snd pitching-moment measurements were made on a
three—component; balance for the wing alone snd for each of the wing—
hull configurations. All the 1ift and the drag coefficients obtained
from these tunnel tests were based on the model wing area of
3.52 square feet. The pitching-moment coefficients were based on the
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wing chord of 1,173 feet. The drag coefficients of a given hull plus
the wing—hull interference effects (hereinafter referred to simply as
the drag of the hull) were obtained by subtracting, at any given angle
of attack, the drag of the wing alone from the drag of the wing-hull
combination. The drag coefficient for the hull was then converted
from a coefficient based on the wing area to a coefficient based on
the frontal area of 0,44k square foot.

The investigation was conducted in the Langley two—dimensional 1ow—
turbulence tumnel at a Reynolds number of 6.k X 106 (based on the model
hull length of 5.015 ft) which corresponded to a dynamic pressure of
53 pounds per square foot, Inasmuch as the corresponding Mach number
of 0,19 was relatively low, no corrections for the effects of com-
pressibility were applied to the data, All the aerodynamic character—
istics were obtained over a range of hull trim angle from —10° to 10°,

a considerably greater range of trim than is usually encountered by a
full—scale flying boat,

TUNNEL CORRECTIONS AND ACCURACY OF DATA

The correctione for the wind—tunnel well effects were made by the
following equations:

q = 1.1k1q?
a = 1.005"
Cr = 0.990CL"
Cp = 0.995Cp"
Cy = 0.995Cy"

The constants which are used were obtained by the method described in
reference 4 and the primed symbols represent the values measured in the
tunnel.

The probable error in individual test points as determined from
check tests, consideration of the sensitivity of the measuring instruments,
and departure of points from the faired curves is estimated to be within
the following limits:

Over the straight part of the 1lift curve:

Cy, G o 50 G 5 5 o . o e . *0.002
CDTl . ¢ . . . . s . . . £0.0015
CM o s el ey . . s . o o o« o +0.001
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Near maximum 1lift coefficient:

. 158 1 T om0 S A S +0.008
CDF T R s AN ey R Y s e e T, IR e o SO

CM S el SR TE e e v (o letider el e e ey meE. eiiial aELEe [ pEt et ue vet e PRy el e W i0.003
ul, d-eg . . . . - . . - { J . . . . . - . . . . - . . . . . . .. . i0.05

RESULTS AND DISCUSSION

The aerodynamic characteristics for the wing alone and for the wing
with hull 164-F2-A8 (parent hull) are presented in figure 6 to show the
changes in the 1lift, drag, and pitching-—moment coefficients due to the
presence of the hull. Similar 1ift,drag, and pitching—moment curves for
the other configurations are not presented because no new effects are
shown. The figure shows that the presence of the hull decreased the
1lift coefficients over the range of low to moderate angle of attack

(e = 0° to a = 8°) but increased the lift—curve slope and lift coef—
ficients at angles of attack above 8.3°, This increase in 1lift and 1ift—
curve slope at high angles of attack combined with the increase in the
maximum 1ift coefficlent obtained with the model of the wing-hull combi-
nation indicates in general that the presence of the hull had a favorable
effect on the 1lift.

The addition of the hull to the wing causes the increment in drag
coefficient to decrease as the angle of attack is increaséd 1In the positive
direction. An examination of the tuft—survey sketches in figure 7 shows
that the air flow over the wing-hull combination improves steadily as the
attlitude of the model 1s increased from low negative to high positive
angles of attack. The higher lift—curve slope, the greater maximum 1ift
coefficient, the smaller incremental rise in drag coefficlent, and the
smoother flow of air over the hull indicate that the wing—hull inter—
ference effects are favorable at these high angles of attack and that
the hull has some 1ift. Thege favorabls interference effects are shown
by the occurrence in figure 8 of extremely low hull drag coefficients
at relatively high hull trim angles. These favorable effects are obtained
only for this one particular angle of incidence between the wing and hull,
and similar results should not be expected if the angle of incidence is
changed or if the wing 1s located at a different position on the hull.

An examination of the pltching-moment curves (fig. 6) shows that
the addition of the hull to the wing increased the value of the negative
pitching-moment coefficients at low to moderate 1lift coefficlents but
has 1little or no effect upon the pitching-moment coefficients at high
values of the 1ift coefficient; thus, the addition of the hull apparently
causes the pitchlng—moment curve to assume a positive or adverse slope.
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Effect of bow shape on dreg.— The effect of bow shape on the drag

charecteristics is presented in figure 9. An analysis of the results
shows that at an angle of trim of —0,2° (the assumed trim angle of the
hulls in high—speed level flight), hull 164-—F1-A8 hed the lowest drag
coefficients of any of these hulls, Hull 164-F1-A8 had a slender bow
incorporating a chine faired to conform more closely to the direction

of the air flow at the bow, The reduction in drag coefficient obteined
by use of this bow shape amounted to about 9 percent of the drag of

hull 164-F2-A8 at this same trim angle. The drag coefficients of bow
shapes F3 and F4 (hull 164-F3-A8 and hull 164-FL—-A8, respectively)

were approximately the same as the drag coefficient of 0.090 (at T = -0.2°)
which was obtained with hull 16L-F2-A8. An examination of the curves

at a trim angle of 1.7° (the assumed trim angle of the hulls for cruising
speed in & level flight condition) shows that the drag coefficients
obtained with all four of the bow shapes were about the same. Although
veriations in the lines of the chine have only a small effect on the
over—ell drag coefficient of a hull, some reduction in drag at the high—
speed attitude can be realized by use of a chine of the type designated
as "bow shape F1" in figure 2.

The effect of depth of step on drag.— An examination of the data
(figs. 10 and 11) obteined with hulls 164-F2-A0, 164-F2-pAk, 16L-F2-A8,
16L—F2-A12, and 164—F2-A16 shows that throughout the assumed range of
trim for high-speed and cruising flight conditions, —0.2° to 1.70, the
greatest variations in the drag coefficients were obtained by decreasing
the depth of step from 8 to 4 percent of the beam. Contrary to
general belief, these results show that the drag coefficients within
the flight range of trim do not vary vproportionally with changes in the
denth of step of the hull. The decrease in drag coefficient which was
realized with hull 164—F2-ALk or hull 164L-F2-A0 over thet for hull 164-F2-A8
amounted to approximately 20 percent at the high—speed trim angle of ~0.5°
and to about 13 percent at the cruising—speed trim angle of (et

Although the lowest drag coefficients were usually obtained with
hulls 164—F2—Ak and 164-F2-A0, they could not be used on an actuel flying
boat because normal ventilation of the step could not be obtalned; and
as & result the hulls would have excessive water resistance and very
poor hydrodynamic stebility characteristics. Results of hydrodynemic
tests of several shellow step hulls (see p. 18 of reference 5) have
shown, however, that satisfactory hydrodynemic stabllity characteristics
could be obtained from such hulls provided that they were fitted with
an auxiliary longitudinal step attached to the forebody immediately
forward of the step., For this reason, the aerodynemic effects of
adding an auxiliary longitudinel step to hull 164-F2-Ak were determined.
These results are given in figure 12 and show that the auxiliary longi-
tudinal step.increesed the drag of this hull by approximately 7 percent
at both the high—sveed trim angle of —0.2° and the cruising-speed trim
angle of 1.7°. The drag coefficients of this modified hull were, however,
still aprreciably lower (about 14 percent at T = —0.2° and 6 percent at
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r = 1.7°) than those coefficients obtained with hull 164-F2-A8. Thus,

the foregoing results indicate that a compromise arrangement consisting
of an auxiliary longitudinal step and a shallow transverse step (4 percent
of the beam) would provide the designer with an arrangement which would
allow an appreciable reduction in aerodynamic drag without the hydrody—
namic disadvantage of the shallow step.

The effect of rounded chines on the drag.— The results obtained

from tests of hull 164L-F2-A8 with the chines rounded near the bow and
sternpost are presented in figure 13. An examination of the results
shows that rounding only the forward part of the forebody chines

(fig. 5(a)) reduced the drag coefficient of the parent hull by about

18 percent at a trim angle of —0.2° and by approximately 12 percent at
a trim angle of 1.7°, The figure shows also that rounding the chines

in the vicinity of the sternpost (fig. 5(b)) produced epproximately the
same reduction in the drag coefficient. Combining both of these modi-
fications, however, gave no further decreases in drag within the experi-—
mentel accuracy of the deta. A comparison of these results with the
data obtained for hulls 164—F2-Al and 164-F2-AO0 (fig. 10) shows that
within the flight range of trim, rounding an appropriate part of the
chines produced essentially the same reduction in drag coefficient that
could be obtained by comvletely eliminating the step of a sharp chine
hull. From these results it seems possible that a favorable aerodynamic-—
hydrodynamic compromise might be made, therefore, by rounding only the
forward part of the forebody chines. Some form of a sharp, light—
weight, retractable chine would, however, have to be incorporated into
a hmll of this shape to control the spray at low speeds when the hull
acts as a disvlacement craft,

In order to determine the reduction in drag coefficients which
could be obtained ty completely eliminating the sharp chines, the step,
and the chine flare of the forebody planing vottom, a series of tests
were conducted on hull 164—F2-A0 shown in figures 5(c) and 5(d). The
results obtained are presented in figure 1L together with the drag .
curve for the parent hull with sharp chines and for the hull with O percent
depth of step and the sharp chines. The figure shows that the elimi-—
nation of all sharp discontinuities decreased the drag coefficlents of
hull 164L-F2-A0 throughout the entire range of trim which was investigated.
A comparison of the drag ccefficients obtained with hull 164—F2-A0
when all sherp discontinuities were removed with those drag coefficlents
obtained for the parent hull 164—F2-A8 shows that hull 164-F2-A0 produced
drag coefficients which were about 30 percent lower at a trim angle of
—0.,2° and approximately 26 percent lower at a trim angle of 17710 o hn
analysis of the results shows that at a trim angle T = —0.2°, approxi-—
mately one—third of the 30-percent reduction in drag is attributable to
the elimination of the sharp chines and that the remaining two—thirds 1s
attributable (see effects of changes in the depth of ster on drag) to
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elimination of the step. At a trim angle T = 1.7°, one-half of the
26-percent reduction in drag is attributable to elimination of the
chines and the remalning part is a result of eliminating the step.

These test results serve to evaluate the gains that can be obtained

with an idealized configuration which is very poor hydrodynamically.

Any attempt to realize these drag gains on a practical flying boat

would require the use of relatively complicated devices, such as re—
tractable chines, retractable steps, and perhaps forced step ventilation
to achieve good hydrodynamic characteristics.

Comparisons with other hulls and a body of revolution.— A comparison

of the drag coefficients of several of the 16h—seriesc hulls with results
obtained from tests of other hull forms and from tests of a streamline
body of revolution (fineness ratio 5) are presented in figure 15, All
the curves shown in this figure were obtained from tests with transition
fixed near the bow of the models and all the coefficients include the
interference effects of the mounting wing. The figure is intended to
show the difference between the present hulls and the other hull forms
and to bring out more clearly the reductions in drag coefficient which
can be obtained by partly or completely eliminating the sharp chines and
the transverse main step of a normal hull. It should be noted, however,
that strict quantitative comparisons of the values obtained for the
present hulls with those obtained for the other hull forms cannot be
made because of the large differences in the Reynolds numbers and the
great variation in the interference effects (see p. 9 of reference 6)
which arise from the use of supporting wings of different chords, plan
forms, and airfoll sections. An examination of the results obtained for
the parent hull 16L-F2-A8 ond hull 213 (reference 1) shows Lhat the drag
of the parent hull was approximately 5 percent lower at T = —0.2° than
the drag of hull 213, a simllarly shaped hull of about the same length—
beam ratio, Since the drag coefficlenl of the parent hull is lower for
a lower value of the Reynolds number, the differences in the drag coef—
ficients may be attributable to some slight differences in the initial
degrees of aerodynamic cleanliness of the hulls and to the fact that

the interference cffects of the different supporting wings were provably
more favorabls for the case of the parent hull 164L-F2-A8, A comparison
at the same angls of trim shows that the drag coefficlent of hull 14L—F2- A8
was about 13 percent higher than the drag coefficient for the similarly
shaped Hughes—Kaliser hull (reference 7) previously tested in the same
tunnel. The greater vpart of thls variation in drag is probably attribut—
able to differences in the Reynolds number and to the type of mounting
wing used; bul some of this large difference in the drag is attributable
to the fact that the Hughes—Kaiser hull, designed primarily for low drag,
was a much clsaner hupll from aerodynamic considerations.
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These results presented in figure 15 show that the drag coefficient
of 0.090 at T = 0° for hull 164-F2-A8 wasg about 77 percent greater (at the
same trim angle) than the drag coefficient of 0.050 for the streamline body
of revolution tested in reference 8. A comparison at the same angle of
trim shows, however, that rounding a part of the forebody chines near
the bow reduced the drag coefficient of hull 164-F2-A8 to a value of
0.073 which was only 46 percent higher than the drag coefficient obtained
for the body of revolution.

If more radical changes in hull design such as the use of full—
length retractable chines and retractable steps are acceptable, the
drag of the hull of conventional shape can be reduced still further, as
evidenced in figure 15, by the drag coefficient of 0.063 at T = 0°
obtained for hull 164—F2-A0 when all sharp discontinuities were removed.
This drag coefficient for the faired hull is still about 25 percent
higher than the drag coefficient of the body of revolution, but is
approximately the lowest drag that can be obtained from this type of hull
without completely rounding the bottom or altering the shape of the tail
extension. Since the greater part of the drag coefficient (£ig. 13) of
the body of revolution is skin—friction drag, any further sizable re—
ductions in the drag of flying-boat hulls can be obtained only by reducing
the amount of hull surface area.

SUMMARY OF RESULTS

An investigation, conducted at a Reynolds number of 6.4 X 106 based
on hull length, was made to determine the effect on aerodynamic drag of
systematic variations in the shape of a flying-boat hull. The parent
hull was of conventional design (length—beam ratio equal to 6.7) and
had a depth of step equal to 8 percent of the beam. An analysis of the
results obtained at an angle of trim which corresponded to the assumed
high-speed attitude of the hulls (T = —0.29) showed that:

1. The drag coefficient based on the hull frontal area of the
parent hull was 0.090.

2. Although the variations in the lines of the bow in general had
only a small effect on the drag coefficient of the hull, a reduction in
drag equal to 9 percent of the drag of the parent hull could be obtained
by using a slender bow (profile view) incorporating a chine faired to
conform more closely to the direction of the air flow at the bow.
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3. The drag coefficient for the hull with deep steps, 12 and
16 percent of the beam, was the same as that of the parent hull. The
drag coefficient for the hull with a step depth equal to 4 percent of
the beam was 20 percent less than that for the parent hull and complete
elimination of the step, except for chine flare, produced no further
reduction in drag.

4, A compromise arrangement consisting of an auxiliary longitudinal
step and a shallow transverse step (4 percent of the beam) produced a
hull which had 14 percent less drag than that of the parent hull and was

believed to be hydrodynamically practical,

5. Rounding a part of the forebody or afterbody chines of the parent
hull, either separately or together, produced the same (18 percent)
decrease in the drag coefficient,

6. The elimination of all the sharp chines, the step, and the small
discontinuity caused by the forebody chine flare reduced the drag coef-—
ficient of the parent hull by about 30 percent, One~third of this total
reduction in drag is attributable to the elimination of the sharp chines
whereas the remaining two—thirds is due to the elimination of the step.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va,, November 18, 1947
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TABLE I -

OFPSETS FOR UPFER PART OF THE PARENT HULL
[All dimensions are given in Lnnbu]

| Distance sbove base line
Distance|1/2 | Distance from center line Above beem Belov
aft of max.. i ; bean e
'“:m Dean Water line Buttock line _." line oenter| ture
6.00[6.50 [T.00 1,5oTE.oo 8.50[9.00]9.50 [10.00 [10.50[10.75 | 0.25| 0,50 | 1,00 1:? _z:oo‘?.% 3, 1ine [0.50(1,00 (1,50 [2.00[2.50| lime |starts
a
1,34 |0
2 3| 6,22 6.8 3
"_"ég B P:%o.e6 &p| a8 8.5 3
o |1l03[1i03/ - o-37 o 6.2 6.;2 1.022 .98
.38 1.{3 1.}3 1.12] . T.2% 7.% 6. 'r.66 .092
1.25 1._'6 1.76 i'" i.ge g.zg o | ng Z'oé 7.32 " g:o. 201
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TABLE II

Bow shape F1

OFFSETS FOR THE VARIOUS BOW SHAPES

[Al1l dimensions are given in inches ]
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perpendicular.

aF‘orward
bstep.



NACA TN No. 1576

Bow shape F3

TABLE II.- Concluded

[All dimensions are given in 1n0hes_]

OFFSETS FOR THE VARIOUS BOW SHAFPES - Concluded
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NACA TN No. 1576 i d
TABLE III
OFFSETS FOR THE VARIOUS AFTERBODY BOTTOM SHAPES
[hll dimensions are given in inches]
Depth of step
Distance| O inch 0.27 inch 0.54 inch | 0.81 inch 1.08 inches |Beam
aft of (0 percent | (i percent | (8 percent | (12 percent | (16 percent at
station | of beam) of beam) of beam) of beam) of beam) chine
2 A B A B A B A B A B
822,75 10.02 | 1.25 o.zz 1.52 (0.56 1.g9 0.83 2.06 | 1.10 | 2.33 [3.38
2%5.25 .06 1.29 . 1.56 «62 I 1.8 .8 210" 1N 215 23570 1337
2%.75 eyl al el bl et ) .gh 1.96 |, 1.00 | 2.23 |''1.28"| 2.50 [3.35
26.25 .33 1.2h 59 |1.81 280 12 i08 RINT s i N2 sao Rl B2 62 4] 5031
2775 | -h5 | 1.6l .ga 17,915 [0 a2 18" s 2T ZOZZ 1.5 | 2.72 |3.2}
29.25 | .59 1.53 86 112500 23R a2y s hor | 265 1267 .| 2.81 |3.135
30.75 .ga 1.80 | .99 | 2.08 [1.26 z.zg Ti52 | 23628 |51 c808 = 2,89 2.39
52625 | . i) | ] [ R G s 1 B 15667 1246 1.9% | 2.96 [2.81
23,75 | .9 1.93 |1.26 | 2.20 |1.53"] 2.7 [*§1<80 2.7Z 2.07 | 3.01 |2.58
52.25 e T ST o aR I s St o R i b5 T2 s n 0N R joa S s 2 Spas | 219 8l s s0l Bl 2 .52
36.75 |1.2 168 152 (1225|179 || 2.52 '[F2:06) | 2.79 2.33 3,06 [2.00
38.25 |1.5 1.98 1.68 2o oo RRIRo N5 SINS Sg STl [ W2 6 SIR 3006 1] 165
9.75 |1.51 | 1.96 |1.7 ooz ilor o5l senls 2R s 2a Tl 12,59 | 5.0l (125
i1.25 1.65 1.3& 1.92 | 2.21 |2.19 2.38 26 1 2.5 2.53 3,02 | .82
ha.zs 1.57 1,89 [250l- | 2.27 |2.30 | 2.LL i 258 2.21 2% 2 2.98 | .33
bgg. 9 1.h5 1.86 [2.13 | 2.13 2.ﬁ2 20N 2L6T | 26T 2.32 2.94 |0
2512 2.73 2% .19 .
Gl AR G A
héizg 529! 2292 2197 5395 2199
2.5 |7:89 .67 2:67 2:69 783
8Step.
bSternpost.
Center line —
/’// \\\\ Offsets for upper part

Straight line from chine
and tangent to upper hull

Base line

ks
..

Typical section

of the parent hull
(See table I for these
values )

“_NACA_—
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TABLE IV

NACA TN No. 1576

OFFSETS FOR THE PARENT HULL WITH THE FOREBODY AND AFTERBODY ROUNDED NEAR THE BOW AND STERNPOST

[All dimensions are glven in 1nches]

Forebody
(Bow shape F2)

Distance Locl of centers and arc radil
aft of Above Out from Radius
station base center of
0 line line arc
a
-1,
-.gﬁ 5355 -0.40 1.00
-2 5.21 -.16 1.00
0 N N 1.00
.38 2-92 .19 1.00
1.25 L.61 .50 .99
2.25 u.za .83 <95
L ) 3.7 1.83 .01
2.13 3,26 1.80 .60
.79 2,67 2.33 .36
8.25 2783 2.69 .19
9.75 1.85 2.95 .09
11.25 0
12.75
1l;.25 Sharp chines are maintalned
15.75 from station 11.25 to
17.25 station 22.75
18.46
20.75
24.
b22, ? |

8porward perpendicular.

bStep.

Afterbody
(Model with 8 percent depth of step)

Loci of centers and arc radil
Distance
t1°r Above Out from Radius
station base center of
0 line line arc
a22.,75 Sharp chines are maintained
23.25 from station 22.75 to
2§_75 station 26.25
26.25 0
27.75 2.22 3.18 .06
29.25 2.21 2.96 .19
30.75 2.61 2.6l .36
32.25 2.8L 22 .58
33,75 3,02 1.8 .56
32.25 3.1L 1.52 .88
36.75 3,22 1.16 .96
38.25 3,26 81 1.00
9.75 3.27 Ll 1.00
.25 3.25 .05 1.00
hz.zs 3,21 -l 1.00
b}3.69 1.00
83tep.
bsternpost.

Base line _WM

4u—— Center line

Variable
radius

Base line ~——§

,—Center 1line

'*‘IE!E;'I”

radius




TABLE V

OFFSETS FOR THE MODEL WITH O PERCENT DEPTH OF STEP AND WITH ALL DISCONTINUITIES REMOVED

[A11 dimensions are given in inches]

Afterbody
Forebod
(Bow szapeyFZ) (Model with O percent depth of step)
Distance Locus of arc centers Pigtance Locus of arc centers |Buttock lines for chine |Chine
aft of A¥icite | But: Pcs Radlus aft of Above |Out from Radius fairing on afterbody above
station station base | center of base
0 g::: ciggzr agi 0 1ine 100 g e 0.501.00|1.50(2.00(2.50 iine
a.1.3l 822.75 1.82 2.38 1.00 | 0.20|0.38]|0.56(0.70|0.82(0.93
-.8L 533 | «0.40 1,00 23,25 1.89 2.38 1,00 ] s2 .)35 .60 .76| .89(1.05
=42 5.21 -.16 1.00 2)2.75 2.10 2.36 1.00 | 38| .56 gg +92|1.09(1.3
.0l .0l 1.00 26.25 2.2 2.26 1.00 | .52| .70| .88|1.06|1.25|1.5
.38 3.92 .19 1.00 27.75 2.& 2.2l 1.00
1.25 L.62 149 1.00 29.25 23 215 1.00 This fairing is
2.25 u.go . 1.00 30,75 2.52 2.02 1500 necessary to fair
Je 15 %.89 1.1 1.00 32.25 2-2 1-82 1.00 out the chine flare
5el3 %.53 1.2 1.00 33.75 2 126 1.00 of the forebody for
6.79 3,1 1.50 1.00 32.25 2.6 1.40 1.00 | this model configuration
8.25 2.812 1.89 1.00 36,75 2Tl 1611 1.00
9.75 2.5 2.05 1.00 23,25 2.73 .79 1.00
11.25 2.33 2.16 1.00 39.75 2.73 1 1.00
12.75 25 P 2.25 1.00 1.25 2.21 0T 1.00
.25 2.13 231 1.00 ua.z5 2.67 =145 1.00
15.75 2.0 ggs 1.88 b);3.69 1.00-
172 2.0 . 1 .
1 -hz 1,93 2.55 1.00 8Step.
20.25 1.81 2.38 1.00 bSternpost.
2175 1.86 2.38 1.00
b232.75 1.82 | 2.38 1.00

8Forward perpendicular.

bStep.

9LGT *ON NI VOVN
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NACA TN No.

TABLE VI
ORDINATES FOR THE NACA 63,-120 AIRFOIL
[Stations and ordinates are_given in
percent airfoll chord]
Upper surface Lower surface
Statlon | Ordinate Station | Ordinate
0 0 0 0
.215 e 790 .78% | =1.590
.ugo 2.196 1.070 | =-1.916
.887 2 82Z 1 61 -2.3%99
082 3.95 -3.210
h 558 95957 5 3 -3-293
6.793% -5.097
Z 5é6 T7.0617 7h =5.T49
ek 15 hué -6.73%2
10.589 20 397 | =7.40
2 663 11.§1u .53g -5.83
22.5 22 | 11.895 30.26 -8.007
12.0%6 5.197 | -7.916
87u 11.906 0.126 | =7.622
Eﬁ 90 | 11.556 L45.060| -7.176
50.000 | 11.025 50.000 | =6.61%
5.052 | 10.3%%3 5L.9L48 | =5.95
0.095 9.[,92 5 .905 -2.20
%g. g 8. g 872 -5'%28
5:156 Z:255 72 8? T
0.150 h.9go gz -1.806
85.1 z 3.68L 871 -.992
90.0 2.379 .906 -.311
95.047 105 9 +953 133
100.000 0 100.00 0
L.E. radius: 3.16
Slope of radius through L.E.: 0.168

1576

/~Cmmdlhw

S ——




& Bl Lt TR

|
|
I

-

Model dimensions

Wing span . 36.00 inches
Wing chord 1,.08 inches
Hull length 60.18 inches
Maximum beam 6.76 inches
Maximum height 11.00 inches
Depth of step 0.54 inch
Length-beam ratio of
hydrodynamic surfaces 6.7

(8 percent of beam)

Transition strip

Figure l.-

!
1
|
|
|

<

—

ZK__,,:- L
Wing incldence, L4.3° =

%

Support point, 25-percent-chord station of airfoil

. \— Parting lines

Three-view drawing of parent wing-hull model.

9LCT *ON NI VOVN
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F. P., forward perpendicular |

/’7———-1

/__/4_1 _____ J

o |
- Station 5.13

/———'Bow shape Flj

Station 12.75

|
Bow shape I3

Bow shape F2

Bow shape F1

p—_

Front view

Figure 2.~

. S

Side view

22 j \——Baae line
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Side, front, and sectional views of the various bow shapes.
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n 24,75

16 percent (of the beam) depth of step

Station 33.75

Station L1.25

Station

S.P., sternpost

Station 50.2l

Station L1.25
i

Constant beam
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A.P., after perpendicular

Station 50.2L

Figure 3.- Side and sectional vliews of the afterbodies for the models with O and 16 percent (of the beam) depth of step.
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\—--———— Transverse step
"'4—' 5o 00— j
i

Figure ly.- The shape, location, and dimensions of the auxiliary longitudinal step as mounted on the model with 4 percent
(of the beam) depth of step. (A1l dimensions are given in inches.)
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s L-49835.1

(a) Three-quarter front view of model 164-F2-A8 with chines rounded
near the bow.

(b) Three-quarter rear view of model 164-F2-A8 with chines rounded
near the sternpost.

- Figure 5.- Photographs of the hulls with rounded chines.
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(c)

Front view of model 164-F2-A0 with all discontinuities removed.

(d)

Three-quarter view of model 164-F2-A0 with all discontinuities
removed.

Figure 5.- Concluded.
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; NN
Steady flow —> Rough flow ——YR Intermittently separated flo' Separated flow \\\\\\\

s

Air stream

Alr stream

—_—

Air stream

—_

A

Alr stream

R ———

Air stream

Figure T.- Sketches showing the character of the air flow over the hull and wing of
model 16l -F2-A8.
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Figure 7T.- Continued.
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[/// Separated rlow r

Figure 7.- Concluded.
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Hull configuration
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Hull trim angle, 7, deg
Figure 8.- Drag characteristics of the hull alone. Hull 16L-F2-A8; Figure 9.~ The effect of bow shape on the drag characteristics

R = 6. x 106. of the l6l-series hulls. R = 6.y x 10°,
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Drag coefficient, Cp
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32
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" \g\\\, Hull configuration /)//<
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Hull trim angle, >, deg Depth of step in percent of the beam
Figure 10.- The effect of step depth on the drag characteristics Figure 1l.- The drag characteristics of the 16l ~-F2 series hulls plotted

of the 16l-series hulls. R = 6. x 106. as & function of the depth of step. R = 6.4 x 106.
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Figure 8.- Drag characteristics of the hull alone. Hull 16L-F2-A8;
R = 6., x 106.
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Figure 9.~ The effect of bow shape on the drag characterlstics
of the l6l-series hulls. R = 6.l x 106,
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Figure 10.- The effect of step depth on the drag characteristics

of the 1l6li-series hulls.
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Figure 1ll.- The drag characteristics of the 164 ~-F2 series hulls plotted
as a function of the depth of step.

Depth of step in percent of the beam

R = 6. x 106.

HE

9LGT *ON NI VOVN




.32
.28
.2l x\ﬁ{
i\ Hull conflguration
.20 © 16L-F2-al 1
o O 16L-F2-Al with longitudinal step
) 0 & 16L-F2-A8 o
iy ?\\ |
=
S16
o
E % 0]
8 f
) | I
a2 . :
= I
a X\ [
2 L
I
R 0l
.08 <t
2594.J| V|
O\q OJ
.ok o8
: ]
) -8 =y 0 L 8 12

Hull trim angle, 77, deg

Figure 12.- The effect of an auxiliary longitudinal step on the drag
characteristics of hull 164-F2-Al, and a comparison of the drag of

this hull with that of hull 16L-F2-A8. R = 6. x 106.
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Figure 13.- The effect on the drag characteristics of rounding
the chines near the bow and sternpost of hull 16L-F2-A8.

R =6.4 x 106,
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Figure 14.- The effect on the drag characteristics of eliminating

all the sharp discontinuities on hull 164 -F2-A0.

R = 6. x 106.
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Figure 15.- The drag characteristics of several 1l6l-series hulls as compared with
other hull forms and a streamline body of revolution. Transition fixed near the
bow of all hulls; Reynolds number based on hull length.
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