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PRELIMINARY WIND-TUNNEL INVESTIGATION AT HIGH-SUBSONIC
SPEEIS OF PLANING-TAIL, BLENIED, AND
ATRFOIL-FOREBODY SWEPT HULLS

By John M. Rlebe and Richard G. MacLeod

SUMMARY

A preliminsry investigation was made In the Langley high-speed
T- by 10-foot tumnel to determine the high-subsonic aerodynamlc charac-
terlstice of three different types of flying-boat hull: namely, a
plening-tail hull, & blended hull, and an airfoll-forebody swept hull.
For compsarative purposes a body of revolution representative of the
fuselage of - -a modern high-speed alrpiane was also Includsd. All the
hull and fuselage data presented lnclude the forces aend moments of a
thin wing swept back 51.3° at the leading edge. The models were
tested as reflection-plane half-models on the side well of the tunnel.
Mach numbers ranged from 0.48 to 0.99. -~

The results of the Investigation, which are considered qualitative,
showed agreement as to relative hull efficlency with previcusly reported
low-speed investigations of larger-scale models. The drag-coefficlent
variation and pitching-moment-coefficlent variation with Mach number
for the hulls and wing were simllar to those of the fuselage and wing;
thus, the problem of designing a high-speed seaplane will probably be
very little different aerocdynamically from that of the landplane.

INTRODUCTION

Because of the requirements for Increased range and speed in flying
boats, an investligation of the asrodynamic characteristlcs of flylng-
boat hulls as affected by hull dimensions and hull shape is being
conducted at the langley Aercnautlical Iaboratory. The results of several
phases of thls investigation at low speed are glven in references 1 to L.

The comtemplated design of high-speed seaplanes has resulted In an
extension of the investigation to high-stbsonic Mach numbers. The high-
speed asrodynamlc characteristics of & high-length-beem-ratio hull derived
from reference l have been presented in reference 5.
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The present investigation was made to determine the hlgh-subsonlc
asrodynamic characteristics of two of the most promising of the hulls
of the low-speed investigatlons: & planing-tail hull (reference 2),
and an ailrfoll-forebody swept—hull (reference 4). A hull blended into
the wing with generous fairing, which wlll be referred to as the "blended
hull," similar to a hull developed by the Consolidated Vultee Aircraft
Corporeation was also tested in order to make a more complete coverage
of possible hull types for hlgh-speed water-based aircraft. For compar-
ison purposes, a body of revolution representative of the fuselage of a
modern high-speed airplane was included. All the hull and fuselage datg
presented include the forces and moments of a thin wing swept back 51.3
at the leading edge. The models were reflection~plane half-models tested
on the side wall of the tunnel; these data are consldered qualitative.

SYMBOLS

The results of the teste are presented as standaerd NACA coefflclents
of forces and moments. Pitchling-moment —coefficlients are given about the
location (wing 25 percent M.A.C.) shown in figures 1 to 5.

The data are referred to the wind axes which are a system of axes
having the origin at the center of moments shown in figures 1 to 5. The
X-axis 1s In the plane of symmetry of the model and is parallel to the
tunnel free-stream air flow. The Z-axls 1s in the plane of symmetry of
the model and is perpeniicular to the X-axisj the Y-axis 1s mutually
perpendicular to the X-axis and Z-axls. Ths positive directions of the
wind axes are shown in figure 6. B ' '

The coefficients and symbole are defined as follows:

CL 1ift coefficient (TW'iCG 1ift of semispan mod.el)
oeriicier S
Cp drag coefficlent (%wice drag ofqgemispan modal)
Cn pltching-moment coefficlent
Twice pitching moment of. semlspan model about Y;axi§>
asSt
q free-stream dynamic pressure, pounds per square foot (pve/e)
S twice wing area of semlspen model, 0.2lk-square foot
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3 wing mean aerodynamic chord (M.A.C.), 0.279 foot %Ib/eczw
0

v free-stream veloclity, feet per second

[o] mass density of alr, slugs per cublc foot

o angle of attack of wing chord line, degrees

i © Incidence of wing chord line with respect to hull base line or
fuselage center line

R Reynolds number, based .on wing mean aerodynamic chord (oVé/w)

M - Mach mumber (Speed. ﬁrzgﬁ in a.ir)

b twilce wing span of semispan model, 0.79 foot

K viscosity coefficient, sluge per foot-second

c local wing chord, feet

TESTS

Test Condltlons

The tests were made on the side-wall reflectlon plane of the ILangley
high-speed T- by 10-fooit tunnel. The reflection plane is located about
3 inches out from the tumnel wall (fig. 1) in order to place the model
outsilde of the tummel-wall boundary layer. The asrodynamic forces and
moments on the model wers. measured wlth an electrical straln-gage balance
which was sealed in a cohtalner on the tunnel sids wall in order %o
prevent alr flow around the modsl from the test section to the outsilds

test chamber. Hach model was fitted with a J-:-]_‘-é-inch plate at the plane

of symmetry (end plate, figs. 1 to 4) to minimize esirfoil circulation
that mlight develop through the small gap which separated the model from
the reflection plene. Because the plane of symmetry of a midwing-
fuselage combination acts as an end plate, no exposed end plate was
necessary for the streamline body-wing combination (fig. 5). A small
symetrical end plate was used for the wing-alone condition and a small
root failring was used in addition to assure good flow at the wing leading
edge. Tho root fairing consisted of & half round body falred into the
wing and the end plate (fig. 1).

The aerodynemic characterlstics were determined through a Mach
number rangs from 0.48 to 0.99 and through e limited angle-of-attack
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raenge between -1° and 4°. The variation of test Reynolds number with
Mach number for average test condltlons 1s presented in flgure 7. The
Reynolds number 1s based on the wing mean aerodynamic chord and was
computed by use of a turbulence factor of unity. The degree of
turbulence of the tunnel 1s not known but is belleved to be small
because of the large contraction ratio of the tunnsl.

Corrections

No Jet=boundary, blocklng, or buoyancy corrections have been
applied to the data because of the smaell size of the model as compared
with the slize of the tunnel test section. The date were corrected for
the tare drag of the end plate when present. The corrections were
determined from unpublished data that give the effect of end-plate
slze and shape on the end-plate drag. These data were obtained for
end plates alone and do not, therefore, account for the effect of
Induced flow over the end plate caused by the wing or hull as the cass
may be.

MODELS

The planing-teil hull (Langley tank model 221F), the streamline
body, and the swept-bull (Langley tank model 237-6 SB) hed the same
proportions as the large low-speed test models of references 2, 3, and L,
reospectlvely. Offsets for the reflectlon-plane half-models can be deter-
mined from the references by multliplylng by the ratlo of-the lengthe of
the reflection-plane models to the low-speed models. Over-all dimensions
for the half-hull and fuselage models incorporated on the left wing
panel of & 51.3° sweptback wing are presented in figures 2 to 5. The
swept hull was also tested with an extendsd leading edge which may be
necessary on & full-scale water-based alrpiane in order to alleviate
the structural problem of attachling the swept wing to the swept hull.
Offsets for the extended leading edge of the swept hull, (fig. L4) are
gilven Iin table I. The blended hull was similar to a configuration under
development by the Consolidated Vultee Aircraf+t Corporatlon. Offsets
for the blended hull are given in table IT. This confliguration willl
require a step (see fig. 2) for satisfactory hydrodynamic performance.
For these tests the step was in the retracted posltion. The hull,
fuselage, and wing dimensions represent scals modela of 30,000-pound
airplanes with wing loadings of about 34 pounds per square foot.

The volumes, surface areas, frontal areas, and slde areas for the
complete hullg and fumelage are presented in table ITI.
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The hull used in determining the volume and areas of the blended
model was arbitrarily considered ss that portion enclosed by an exten-
gion of the dead rise to the upper wing surface as shown in station A,
figure 2.

Photographs of the various hull models as tested on the reflection
plane are presented in figure 8.

The 51.3° sweptback wing used in this investigation had an aspect
ratio of 2.92, a taper ratio of about 0.5, and an NACA 65;-012 airfoil
section perpendiculayr to the 50-percent-chord line. The wing incldence
was set at 0° on all models except for one test at 42 on the swept hull
to £ind the effect of wing incldence. The wing was constructed of
boryllium copper and the half-models were mahogany.

RESULTS AND DISCUSSION

The drag and pitching-moment coefficlents of the hulls and fuselage
plotted agalnst Mach number are presented in figure 9 for angles of attack
ranging from -1° to ll-o; the drag, 1ift, and pitching-moment coefficlents
for several modifications of the swept-hull model at 2° angle of attack
are presented in figure 10. Figure 11 gives the drag-coefficlent vari-
ation and pitching-moment-ccefficient variation with angle of atbtack at
Mech mumbers of 0.80 and 0.95 for the blended hull and the streamline
body. Figure 12 presents the aerodynamic characterlistics of the planing-
tail hull in piltch at a Mach number of approximately 0.50. All ths hull
and. fuselage data presented include the forces and moments of the 51.3°
sweptback wing.

Although the drag coefflcients do not compare directly In magnitude
because of limitations of this reflection-plene setup, the values are in
qualitative agreement with previously reported investigations (references 2
and 4) made at low speed of large-scale models. For example, &t 2° angle
of atback (fig. 9(c)) the drag of the streamline body was less than thet
of the planing-tell hull and the drag of the swept hull was less than
that of the streamline body, which agrees with the relative hull effi-
clencies of references 2 and 4. The smaller volume (table ITIT) of the
swept hull accounted largely for its lowor drag. No comparison with
past work could be made for the blended hull because it was not tested
iIn the low-gpeed invesitigation.

Very little change in drag coefficlent occurred with Mach numbsr
up to 0.90 for angles of attack ranging from -1° tp 2° Ffor most of the
configurations tested (figs. 9 and 10); however, a rapid increase in
drag coefficient began for the hulls above 0.90 Mach number. The staert
of the drag rise for the streamline body was delayed to a slightly
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higher Mach numher, about 0.93, and the rate of Increase was less than
that of the hullsg. ’

A drag rise similar to that of the wing slone was Indicated for
the swept hull (figs. 9(c¢) and 10) with the wing-root fairing. The
wing-root fairing was elso used for the wing-alone condition (fig. 9(c))
because -the wing-alone dreg rise without the root fairing occurred
gooner and was greater than expected according to previous tests of .
gimilar wings. It was felt that the adverse effects on drag were
probably caused as a result of end-plate misalinement. Since thils
end-plate condition would not be present on a complete wlng, 1t might,
therefore, be expected that the swept-hull configuration incorporating
the wing-root falring more nearly represents the swept hull then the
configuration wlthout the fairing.

Increasing the wing incidence to 4° on the swept hull increased
the drag coefficlent over that of the 0° incidence canfiguration through-
out the Mach number range tested and resulted in a drag rise at-a lower
Mach number, 0.83 (fig. 10). However, on a complete model the drag rise
may occur later because of the probable limitatlon of the setup for the
swept hull without the wing-root fairing, as mentlicned earlier. Extending
the hull leading edge (fig. ) resulted in an increase in drag coeffi-
cient throughout the Mach number range but affected the drag rise only
slightly. .

Very little variation in pltching-moment coefficlent occurred with
Mach number for the hulls or fusmelage at the angles of attack tested.
The 11ft strain gage wae not operating throughout most of the present -
investlgation; however, 1t 1s belleved that the variation of 1ift
coefficient with Mach number for all the hulls end filselsge would be
gimiler to the small change shown in figure 10.

The minimum drag coefficlent at high Mach numbers for the streamline-
body and blended-hull configurations occurred near 0° angle of attack
(fig. 11). The drag coefficient for the planing-tail hull (fig. 12) was
also minimum near 0° engle of atiack and was less steep iIn variation with
angle of attack than elther the streamline body or blended hull, probably
resulting from the smaller beam of the planing-tail hull. Longitudinal
stabllity as shown by the piltching-moment curves of figure 11 was
inherent In the wing-fuselagé cambination. The blended hull was neu-
trally stable In the positive angle-of-attack range at-25 percent mean
asrodynamic chord, the center of momente for the present tests. Only
emall changes in longltudinal stability with Mach number were noted for
the fuselage and blended-hull configurations. The longitudinal stabllity
at a Mech number of 0.90 of the planing-tail hull (fig. 12) is about the
same as that of the blemded hull at Mach numbers of 0.8 end 0.95 (fig. 11).
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CONCLUDING REMARKS

The results of the present hull investigation, using reflectlon-plane
half-models, show qualltative agreement as to relative hull efficlency
with previcusly reported low-spsed investlgations of largs-scale models.
The drag-coefficlent verlation and plitching-moment-coefficlient variation
with Mach number for the hulls and wing were sstisfactory 1ln-that drag
rise was delayed to high-subsonic Mach numbers and there was very little
change in pltching moment wilith Mach number. These coefficlent varlations
for the hulls and wing wers similar to the cosefficient varlations of the
fuselage and wing; thus, the problem of deslgning & high~speed seaplans
wlll probably be very little different aerodynamically from that of the
landplane. )

Langley Aeronautlcal La.‘bora.tor'y
National Advisory Committee for Aercnautics
Langley Air Force Base, Va.
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TABLE ITT
VOLUMES, SURFACE AREAS, MAXIMUM FRONTAIL AREAS,
AND SIDE AREAS FOR HULL TYPES TESTED

Eralwas given are for camplete hull ar fuselage]

Volume | Surface aresa Meximum Side area
Model (cu in.) (sq in.) frontel area | (gq 1p.)
(sq 1in.)
Planing-tail hull 21.49 65.50 2.75 29.82
Swept hull 10.55 L1.%0 2.14 15.75
Swept hull with 10.73 43.00 2.14 16.27
extended leading
edge
Blended hull 8,82 as59,32 ap,73 14.08
Streamline body 21.60 59. 60 2.17 19.07

8Determined with dead rise extended to upper wing surface (see fig. 2).
NACA,



NAGA RM LODO1

Center of moments, 25MAC.

|
Balance beam : / Tunnel wall
\ .| L .

To
Y
I
k 20 11) ‘ )
' “—s wing-alone
end plate E Ls reflection plane
Wing root - f
< Reflection plane

foiring = fairing

: - |

Figure l.— Arrangement of the wall reflection plene in the Langley high—
gpeed T— by 10—foot tunnel; wing alome.
L3



D

- - ™« Center of moments, 25 MAG
Outline of P Wina roat sacti ‘ Wing tip section
end plate L N ing ircmI saction N \ f
- — - : o AL -
—I‘JT"T‘F_'_T; e :F:#""" . ﬁ":—\zf“"— '(rg
8| Refractablestep outline | —————t——r T
Bose line 2 L {
~—————605" > " o
£5 12.79 e

Piqure 2,— Lines of reflection—plane model of blended hull.
<N

TOdET WY VOVH




]
{
\
I\
\
\
-~
TOET WE VOYH

A

Outline of Tlé : e —— —
end plate — g - of\\' N . —
e enter of mome S,
Wing root section _;_, ¢ 1r

-_..,.___,_,_._=*-—-
| Y
AN
'» 23"
u————seo"——»l
: = ——————— |437" 2

Base line
LY

-~ 150"
= 247" =

Figure 3.— Lines of reflection-plane model of planing-tail hull.
- N

°T




=~ o~ i
i ] o !
N N\
AN \
__(__5\3 RS
N ~EE
| | j
D |
Outline of 1 | T R

Base line

1,86">
<2 14>

12.45"

Flgure 4,— Lines of reflection-plane model of eweptback hull,
Nk

HT

TOa6T WY YVOVN



End plate
6

Typical section

-l 15.00"

Maximum radius,.83"

Wing root section

Figure 5.~ Lines of streamline-body reflection—plane model.
<D

" Center of moments, 25 MAGC
ﬁ' /

SHACGA T

TOO6T W VOVN

aT




16 -

NACA RM LODO1

Y

Positive directions of. forces, moments, and

Figure 6.,— Wind axes.
angles are indicated by arrows.
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(a) Planing-tail mil,

Figure 8.- Reflection—plane hull modela tested In the Langley high—epeed T— by 10-foot tunnel,
S

TOI6T WE VDOVH

61






7 R

(b) Swept hull.

Figure 8.— Continued.
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(c) Blended hull.

Figure 8.~ Continued.
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(d) Streamline body.

Figure 8.— Concluded.
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Pitching-moment coefficient,Cp

Drag coefficient, Cp
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Figure 1l.— Aerodynamic chara.cteristics in pitch of a blended hull model
and & gtreemline body with a 51. 3 sweptback wing at Mach numbers 0.80

and 0.95.
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Figure 12.— Aerodynamic- characteristics of planing-tasil bull with a
51,3° sweptback wing in pitch; M s 0.90.
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