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AERODYNAMIC CHARACTERISTICS OF A FLYING-BOAT HULL BAVIRG

A LENGTH-BEAM RATIO OF 15 AND A WARPED FOREBODY

By Richard G. Macleod
SUMMARY

An investigetion was made in the Langley 300 MPH T7- by 10-foot tummel to
determins the change in serodynamic characteristics that would result from
the substitution of a warped forebody for the conventional-type forebody -
of a high-length-beam-ratio flying-boat hull. The effect of removing
the rear forebody chine flare was also determined.

The minimum drag coefficient of the warped forebody hull, including
the interference of a support wing, was 0.0052 and occurred at approxi-
mately 2° angle of attack. This value of drag coefficlent was slightly
greater than the value found for the basic hull. The minimm drag
coefflcient remained essentially constant with and wilithout the rear
forebody chine flare on the hull. The longitudinal and directional
stability of the hulls generally remalned constant wilth configuration

changes.
INTRODUCTION

Because of the requirements for increased range and speed in flying
boats, an Investigation of the aerodynamic characteristics of flying-
boat hulls as affected by hull dimensions and hull shape 1s belng conducted
at the Langley Aeronautlical Iaboratory. The results of two phases of
this investigation, presented in references 1 and 2, have indicated
possible ways of reducing hull drag without causing large changes In
aerodynamic stablility and, hydrodynamic performance.

An unpublished Investigation to determine the hydrodynamic advantages
of forebody werp (progressive increase in dead rise from step to bow)
on the length-beam-ratio-15 hull of reference 1 indlcated that the stable
range of trim was increased, the bow spray characterlstics were lmproved,
and the meximm vertical and anguler accelerations werse reduced. :

The present investigation was conducted in order to determine the
change in asrodynamic cheracterlstics resulting from the substitution of the
warped forebody for the conventional forebody of the length-bsam-ratio-15
hull. The effect of removing the chine flare on the rear of the warped
forebody was also determined.
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COEFFICTENTS AND SYMBOLS

The resulte of the tests are presented as steandard NACA coefficients
of forces and moments. The wing area, mean aerodynamic chord, and span
of-a hypothetical flying boat assumed in reference 1 were used in
determining the coefficlients and Reynolds number. The data are referred
to the stablility axes, which constitute a system of axes having their
origin at the center of moments shown In figure 1 in which the Z-axis
is in the plane of symmetry and perpendlcular to the relative wind,
the X-axis 1s in the plane of symmetry and perpendlculer to the Z-axis,
and the Y-axis 1s perpendicular to the plane of symmetry. The positive
directions of the stability axes are shown in figure 2.

The coefflclents and symbols are defined as follows:

Cp, ~ 1ift coefficient (Lift/qS)

Ch drag coefficilent (ﬁ;'.a.g'/qs)

Cy lateral-force coefficient (Y /gS)

Cy rolling-moment coefficient (L/gSb)

Cp pitching-moment coefficient (M/qSE)

c, yawing-moment coefficient (N/qSb)

Lift—=—+2

Drag = -X when V¥ = 0-

X force along X-axls, pounds

Y force along Y-axis, pounds

VA force along Z-axis, pounds

L .rolling moment, foot-pounds

M pltching moment, foot-pounds

N yewing moment, foot-pounds

Q free-stream dynamic pressure, pounds per square foot <%pV2>
s : wing area of a %—-scale model of a hypothetical flylng boat

(18.264 sq £t

& wing mean aerodynamic chord (M.A.C.) of a -%6—505.19 model of
a hypothetical flying boat (1.377 £t)
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D wing span of & i%—scale model of & hypothetical flying boat
(13.971 £t)

v alr velocity, feet per second _

P . mass density of air, slugs iser cubic foot-

a angle of attack of hull base line, degrees

¥ angle of yaw, degrees

Reyx;old.s mmber, based on wing meen aerodynamic chord of &
jo-scale model of a hypothetical flying boat

CDzn:L minimum drag coefficlent -
n :
MODEL AND APPARATUS

The hull used in the presemnt testé was desligned by the Langley
Hydrodynamics Division and 1s the same model that was used in the
investigation descrlbed in reference 1.

The various modificatlons of the hull, as shown In figure 1, were
made possible by the use’ of interchangeable blocks. The offsets for the
warped forebody hull, with and without chine flare, are presented in
table I. The offsets for the baslc hull are given 1in reference 1.

The hull and interchangeable blocks were constructed of lasminated
mahogany and were flnished with _pig'n[ented: varnish. A photograph of the
basic hull and the two modified configwratlions is shown iIn figure 3. The
hulls were attached to a wing which was mownted horizontally in the tumnel
as shown in figure 4. The wing, which was the same wing used in the
investigatlon described in reference 1, weas set at an angle of incidence of
4° on the model, had & 20-inch chord, a ok, 2-inch span, and was of the
NACA 4321 section.

The volumes, surface areas, eand maximm cross-sectionel areas of
the three hull configurations are given in table II.
TESTS
Test Conditions
The tests were made in the Langley 300 MPE T- by 10-foot tummel at

dynamic pressures ranging from 25 to 103 pounds per square foot, which
correspond. to alr speeds renging from 104 to 212 miles per hour. Reynold.s
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numbers, based on the wing mean aerodymamic chord of the hypothetical

f£1ying boat, renged from about 1.2 X 105 to 2.5 x 108, Corresponding
Mach numbers ranged from 0.13 to 0.27.

Corrections

Blocking corrections have been applied to the data. The hull drag
has been corrected for horilzontal-buoyancy effects caused by a tummel
static-pressure gradlent. A correction was also applied to the angle of
attack because of the structural deflectlons caused by aerodynamic forces.

Test Procedure

The serodynemic characteristics of the hull, including the inter-
ference effects of the support wing, were determined by testlng the wing
alone and by testling the wing and hull combination under ldentical conditions.
The hull aerodynamic coefficlents were then determined by subtraction of
coefficlents for the wing alone from the coefficients of the complete
configuration.

To obtaln a direct comparison between the warped.ffbfebody configurations
and. the baslic hull design, tests were also performed on the basic hull.

Hull transition for all the tests was fixed by & strip of 0.008-inch-
diameter carborundum particles % inch wlde and located approximately
5 percent of the hull length aft of the bow (fig. 3).

The wing transition was fixed at the leadlng edge by means of
roughness strips of carborundium particles of approximately 0.008-inch
diemeter, thereby reducing possible errors resultlng from trensition
shift on the wing. The particles were applied for a length of 8 percent
of the airfoil chord measured along the alrfoll contour from the leading
edge on both upper and lower surfaces.

RESULTS AND DISCUSSION

The variation of hull aerodynamic characteristics with angle of
attack 1s shown In figure 5; the varlation of hull aerodynemlic character-
istics with angle of yaw i1s presented in figure 6. For convenlence,
the minlmum drag coeffilclents CDmin for a Reynolds number of about

2.5 X lO6 and the longltudinal-stablllity and lateral-gtabllity parameters
for the various configurations are presented in table IIT.
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The data in Pigure 5 indicate that for & Reynolds nmumber of approxi-

mately 2.5 X 108 the warped-forebody hull hed & minimm drag cosfficient
of 0.0052 with wing-interference effects :anlud.ed. which was & glight
increase over the basic hull d.esign

The results of a previous investigation (reference 1) showed only &
small effect of Reynolds number on the drag and longitudinal stability
of the hulls tested. The Reynolds number range Investigated in reference 1

was from 1.25 x 106 to 3.40 x 106. Because of the similarity, it is
believed that there would '2lsc have been little or no influence of
Reynolds number on the current investigation.

Removing the chine flare, as shown In figures 1 and 3, resulted in no
noticegble change in the minimum dreg coefficlent when compared to the
warped forebody configuration menbloned above.

The angle-of-sttack range for minimm drag was little affected by ;
the configuration chenges, and the angle of attack for the minimum coef-
ficient of drag occurred at epproximately 2° for all three configurations.

The longltudinal stability end directlonal stabllity of the hulls
generally remalned constant with configuration changes. The values of

Cma and Cj riy for the altered hulls (table III) were about 0.0034

and 0.0013, respectively.
CONCLUSIORS

The results of testa in the Langley 300 MPH T- by 1l0-foot tunnel
to determine the change in aerodynamic characteristics that would result
from the substitutlon of a warped forebody for the conventional forebody
of a high-length-beam-ratic flying-boat hull and the effect of the rear
forebody chine flare removal indicate the followlng concluslons:

1. Including the interference of the support wing, the warped
forebody hull had a minimm dreg coefficient of 0.0052 which was slightly
greater than the value found for the basic hull.

2. The minimum drag coefficlent was not noticeably changed by
removing the rear forebody chine fliare.
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3. The angls of attack for minimum drag was little affected
by the configuration changes and occurred at about 20,

L. The longitudinal stability and directional stability of the——
hulls generally remalned constant with configuration changes.

Langley Aeronautlical Laboratory
National Advisory Committee for Aercnautics
Langley Alr Force Base, Va.
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TABLE IT
VOLUMES, SURFACE AREAS, SIDE AREAS, AND MAXIMUM CROSS-SECTIONAL

AREAS OF LANGLEY TANK MODEL 224 WITH MODIFICATIONS

Maximum
Volume-- | Surface area | Slde area | cross-sectional
Configuration (cu in.) (sq in.) (sq in.) ares.
(sq in.)
Basic forebody 10,653 4760 1985 130.8
Warped forebody, with 10,174 4675 1985 130.8
chine flare :
Warped forebody, 10,152 4662 1985 130.4
without chine flare

~_NACA
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TABLE ¥II

DRAG AND STABILITY PARAMETERS OF LANGLEY TARKMODEL opk

WITH MODIFICATIONS

[Drag coefficients are presented for R %. 2,5 X loé]

¢oni iguration

T

“TL

S —
. L for @ = 20 | i~ for a = 20
Oomin | = | TOF @ =28 | gFfor
Basic forebody 0.0048 { 0,0036 0,0014 0.0053
Warped forebody, .0052 | .003% .0013 .0053
with chine flare
Warped forebody, .0052 | .003k -0013 .0033
wilthout chine flare

R
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Figure 1.~ Lines of Langley tenk model oply with modifications. (A1l dimensions are in inches.)
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Figure 2.— Bystem of atability axes. Posltive velues of forces, moments, end angles ere Indiceted
by arrowa.
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Flgure 3.— Basic and wearped forebodiles.

Baslc forebedy

Warped forebody,
with chine flare

Warped forebody,
without chine flare

L-'-?! 859






Flgure 4.;- Support wing and typlcel hull model mounted in the Langley 300 MFE 7— by 10-foot
wind tummel.
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Figure 5.— Aerodynamic characteristics in pitch of Langley tank model 22k,
R & 2.5 x 106,
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Figure 6.— Aerodynamic characteristice in yaw of Langley tank model 22k.
R & 1.3 x 106; o = 2°,
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