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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

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

By John M. Riebe and Richard G. MacLeod

SUMMARY

A preliminary investigation was made in the Langley high-speed
7= by 10-foot tunnel to determine the high-subsonic aerodynamic charac-
terlistics of three different types of flying-boat hull: namely, a
planing-tail hull, a blended hull, and an airfoil-forebody swept hull.
For comparative purposes a body of revolution representative of the
fuselage of a modern high-speed airplane was also included. All the
hull and fuselage data presented include the forces and 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 wall 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 efficilency with previously reported
low-speed investigations of larger-scale models. The drag-coefficisnt
variation and pitching-moment-coefficient variation with Mach number
for the hulls and wing were similar to those of the fuselage and wing;
thus, the problem of designing a high-speed seaplane will probably be
very little different aerodynamically from that of the landplane.

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 is being
conducted at the Langley Aeronautical Laboratory. The results of several
phases of this investigation at low speed are given in references 1 to 4.

The comtemplated design of high-speed seaplanes has resulted in an
extension of the investigation to high-subsonic Mach numbers. The high-

speed aerodynamic characteristics of a high-length-beem-ratio hull derived

from reference 1 have been pressnted in reference 5.
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2 CONFIDENTTAL - NACA RM L9DO1

The present investigation was made to determine the high-subsonic
aerodynamic characteristics of two of the most promising of the hulls
of the low-speed investigations: a planing-tail hull (reference 2),
and an airfoil-forebody swept hull (reference 4). A hull blended into
the wing with generous fairing, which will be referred to as the "blended
hull," similar to a hull developed by the Consolidated Vultee Aircraft
Corporation was also tested in order to make a more complete coverage
of possible hull types for high-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 reflectlion-plane half-models tested
on the side wall of the tunnel; these data are considered qualitative.

SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments. Pitching-moment coefficients are given about the
location (wing 25 percent M.A.C.) shown in figures 1 to 5.

The date ars referred to the wind axes which are a system of axes
having ths origin at the center of moments shown in figurss 1 to 5. The
X-axis is in the plane of symmetry of the model and is parallel to the
tunnel free-stream air flow. The Z-axis is in the plane of gymmetry of
the model and is perpendicular to the X-axis; the Y-axis 1s mutually
perpendicular to ths X-axis and Z-axis. Ths positive directions of the
wind axes are shown in figure 6.

The coefficients and symbols are defined as follows:

CL, 1ift coefficient (Pwice 1lift of semispan model\
as i
Cp drag coefficisnt Crwice drag of semispan model>
asS
Cn pitching-moment coefficient
/Twice pitching moment of semispan model about Y-axié)
ast
qQ fres-stream dynamic pressure, pounds per square foot (pVe/2)
S twice wing area of semispan model, 0.214 squars foot
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NACA RM LODO1 CONFIDENTTAL 3

b/2
e wing mean aerodynamic chord (M.A.C.), 0.279 foot %j cldy
0
v free-stream velocity, feet per second
o] mass density of air, slugs per cubic 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 numbsr, based on wing mean aerodynamic chord (pVE/u)
M Mach number Alrspeed
Speed of sound in air
b twice wing span of semispan model, 0.79 foot
M viscosity coefficient, slugs per foot-second
© local wing chord, feet
TESTS

Test Conditions

The tests were made on the side-wall reflection plane of the Langley
high-speed 7- by 10-foot tunnel. The reflection plane is located about
3 inches out from the tunnel wall (fig. 1) in order to place the model
outside of the tunnel-wall boundary layer. The aerodynamic forces and
moments on the model were measured with an electrical strain-gage balance
which was sealed in a cohtainer on the tunnel side wall in order to
prevent air flow around the model from the test section to the outside

test chamber. Each model was fitted with a f%-inch plate at the plane

of symmetry (end plate, figs. 1 to 4) to minimize airfoil circulation
that might develop through the small gap which separated the model from
the reflection plane. 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
symmetrical end plate was used for the wing-alone condition and a small
root fairing was used in addition to assure good flow at the wing leading
edge. The root fairing consisted of a half round body faired into the
wing and the end plate (fig. 1).

The aerodynamic characteristics were determined through a Mach
nunber range from 0.48 to 0.99 and through a limited angle-of-attack
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range between -1° and 4°. The variation of test Reynolds number with
Mach number for average test conditions is presented in figure 7. The
Reynolds number is 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 is not known but is believed to be small
because of the large contraction ratio of the tunnel.

Corrections

No Jet-boundary, blocking, or buoyancy corrections have been
applied to the data because of the small size of the model as compared
with the size of the tunnel test section. The data 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
size 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 case
may be-.

MODELS

The planing-tail hull (Langley tank model 221F), the streamline
body, and the swept hull (Langley tank model 237-6 SB) had the same
proportions as the large low-speed test models of references 2, 3, and 4,
respectively. Offsets for the reflection-plane half-models can be deter-
mined from the references by multiplying by the ratio of the lengths 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 a 51.3° sweptback wing are presented in figures 2 to 5. The
swept hull was also tested with an extended leading edge which may be
necessary on a full-scale water-based airpiane in order to alleviate
the structural problem of attaching the swept wing to the swept hull.
Offsets for the extended leading edge of the swept hull, (fig. 4) are
given in table I. The blended hull was similar to a configuration under
development by the Consolidated Vultee Aircraft Corporation. Offsets
for the blended hull are given in table ITI. This configuration will
require a step (see fig. 2) for satisfactory hydrodynamic performance.
For these tests the step was in the retracted position. The hull,
fuselage, and wing dimensions represent scale models of 30,000-pound
airplanes with wing loadings of about 34 pounds per square foot.

The volumes, surface areas, frontal areas, and side areas for the
complete hulls and fuselage are presented in table IIT.
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The hull used in determining the volume and areas of the blended
model was arbitrarily considered as that portion enclosed by an exten-
sion of the dead rise to the upper wing surface as shown in station R,
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 657-012 airfoil
section perpendicular to the 50-percent-chord line. The wing incidence
was set at 0° on all models except for one test at 4° on the swept hull
to find the effect of wing incidence. The wing was constructed of
beryllium copper and the half-models were mahogany.

RESULTS AND DISCUSSION

The drag and pitching-moment coefficients of the hulls and fuselage
plotted against Mach number are presented in figure 9 for angles of attack
ranging from -1° to MO; the drag, lift, and pitching-moment coefficients
for several modifications of the swept-hull model at 2° angle of attack
are presented in figure 10. Figure 11 gives the drag-coefficient vari-
ation and pitching-moment-ccefficient variation with angle of attack at
Mach numbers of 0.80 and 0.95 for the blended hull and the streamline
body. Figure 12 presents the aerodynamic characteristics of the planing-
tail hull in pitch at a Mach number of approximately 0.90. All the hull
and fuselage data presented include the forces and moments of the 5130
sweptback wing.

Although the drag coefficients do not compare directly in magnitude
because of limitations of this reflection-plane setup, the values are in
qualitative agreement with previously reported investigations (references 2
and 4) made at low speed of large-scale models. TFor example, at 2° angle
of attack (fig. 9(c)) the drag of the streamline body was less than that
of the planing-tail hull and the drag of the swept hull was less than
that of the gtreamline body, which agrees with the relative hull effi-
ciencies of references 2 and 4. The smaller volume (table ITITI) of the
swept hull accounted largely for its lower drag. No comparison with
past work could be made for the blended hull because it was not tested
in the low-speed investigation.

Very little change in drag coefficient occurred with Mach number
up to 0.90 for angles of attack ranging from -1° to 2° for most of the
configurations tested (figs. 9 and 10); however, a rapid increase in
drag coefficient began for the hulls sbove 0.90 Mach number. The start
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 hulls.

A drag rise similar to that of the wing alone was indicated for
the swept hull (figs. 9(c) and 10) with the wing-root fairing. The
wing-root fairing was also 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
similar wings. It was felt that the adverse effects on drag were
probably caused as a result of end-plate misalinement. Since this
end-plate condition would not be present on a complete wing, it might,
therefore, be expected that the swept-hull configuration incorporating
the wing-root fairing more nearly represents the swept hull than the
configuration without the fairing.

Increasing the wing incidence to 4° on the swept hull increased
the drag coefficient over that of the 0° incidence configuration 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 limitation of the setup for the
swept hull without the wing-root fairing, as mentioned 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 pitching-moment coefficient occurred with
Mach number for the hulls or fuselage at the angles of attack tested.
The 1ift strain gage was not operating throughout most of the present
investigation; however, it is believed that the variation of 1lift
coefficient with Mach number for all the hulls and fuselage would be
gimilar to the small change shown in figure 10.

The minimum drag coefficient 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° angle of attack and was less steep in variation with
angle of attack than either the streamline body or blended hull, probably
resulting from the smaller beam of the planing-tail hull. Longitudinal
stability as shown by the pitching-moment curves of figure 11 was
inherent in the wing-fuselage combination. The blended hull was neu-
trally stable in the positive angle-of-attack range at 25 percent mean
aerodynamic chord, the center of moments for the present tests. Only
small changes in longitudinal stability with Mach number were noted for
the fuselage and blended-hull configurations. The longitudinal stabllity
at a Mach number of 0.90 of the planing-tail hull (fig. 12) is about the
game as that of the blended hull at Mach numbers of 0.8 and 0.95 (figs 11)
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CONCLUDING REMARKS

The results of the present hull investigation, using reflection-plane
half-models, show qualitative agreement as to relative hull efficiency
with previously reported low-spsed investigations of large-scale models.
The drag-coefficient variation and pitching-moment-coefficient variation
with Mach number for the hulls and wing were satisfactory in that drag
rise was delayed to high-subsonic Mach numbers and there was very little
change in pitching moment with Mach number. These coefficient variations
for the hulls and wing were similar to the coefficient variations of the
fuselage and wingj; thus, the problem of designing a high-speed seaplane
will probably be very little different aerodynamically from that of the
landplane.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I
OFFSETS FOR EXTENDED LEADING EDGE OF SWEPT HULL

E:L'L dimensions are given in inches:]

Distance from plane of symmetry
Keel Chine T
Station | Distance | o ve above | Belf-beam | yater | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water | Water
to F-Pe | 4.0 1ine | base line | 20 ©M1® | 1ine, | line, |line, | line, | 1ine, | 1ine, | line, | line, | line, | line, | line, | line, | line, | line, | line, | line, | line, | line, | line,
0.10 [0.20 |0.30 |0.40 |0.50 | 0.60 |0.70 | 0.80 |0.90 | 1.00 |1.10 [1.20 [1.30 | 1.40 | 1.50 | 1.60 |1.70 | 1.80 | 1.90
i
I: 0.19 0.33 0.41 0.09 0.08 [0.05 | O ‘
2 .29 .29 42 .14 .12 .10 06 | 0
3 .39 25 42 18 0.06 A7 15 .10 .06 | O
n .49 22 41 22 10 -2 18 13 10 05 |0
5 .59 18 Lo 2l 0.0k .15 .24 22 o 13 09 05 10 |
6 .69 14 .39 27 .08 .19 2 .25 2 .16 .13 .09 .05 [0 |
7 ) A1 .38 .30 .12 .23 29 27 2l .20 16 .13 08 .05 |0
8 .89 .08 .38 .32 0.05 .16 .26 .32 .29 .26 .23 .19 .16 A2 .08 .05 | 0.01
9 .99 06 37 .34 08 .19 .29 .33 V31 .28 25 o2 .18 .15 A1 .08 .05 |0
10 1.09 .36 .36 1 <22 .32 .35 .33 .30 .27 .24 .20 27 L1k .10 .08 .ok | 0.0L 0.03
i} 1.19 .34 .38 .24 .35 37 35 .32 .29 .26 223 .19 .16 .13 .10 .07 S oot 0.02 .09
12 1.29 33 4o .37 .38 .36 .34 .31 28 +25 22 18 .16 .13 .10 .07 .04 | 0.0k .07 .16
13 1.39 32 41 .39 4o .38 35 .33 .30 27 .2k «21 |28 15 .13 .10 .08 .07 Sl .21
14 1.59 41 .38 .36 .34 31 .28 225 .23 .20 AT +15 +13 W14 .18 .24
15 1.79 Riss .39 .36 .34 .31 .29 .26 24 .21 .19 .18 .19 .24 .30
16 1.99 41 .39 $37 <35 .32 .30 2T 25 23 .22 .24 .30
| o7 2.19 42 .40 a1 «35 .33 .30 .28 2 27 .28 .3k
18 2.39 b2 ko .38 .36 .33 +31 .30 .30 .33 .39
19 2.59 .42 ko .38 .36 .34 .33 .33 .36 L2
20 2.79 .43 b2 4o .38 .36 -35 «35 .38 45
21 2.99 R 42 .40 .38 3T 37 .40 47
22 3.19 42 .40 .38 .39 42 .49
23 3.39 Ly 42 ko 4o .43 .50
24 3.59 i 42 41 4l .49
25 3.79 R 42 A .49
26 3-99 45 b 45 .48
27 k.19 45 45 A7 .55
28 4.39 45 A7 .53
29 4.59 A7 51
30 L.79 .49

TOT6T W VOVN
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TABLE II

OFFSETS FOR BLENDED HULL

EALL'L dimensions are given in 1nches:]

Distance fram plane of symmetry

Kool Height of
Distance hull at
Station to F.P. above i Water | Water | Water | Water | Water | Water | Water | Water | Water | Water| Water | Water | Water | Water | water
base line 19 line, | line, | line, | line, | 1line, | 1line, | line, | line, | 1line,| line,| line, | line, | line, | line, | line,
0.10° | 020" | 0.30 | 0-40 /|10-50 '|'0-60 | 0-70 ‘| 0-80 [0-90 | L.00 | 1.10° | L-20. |‘1.30 |iL:ko | 250
F.P. 0 0.69 0.69
al 43 255 .82 0+08 | 0.11. [<0:05
2 .25 .48 .86 0.08 + 16 .18 o35
3 o5 42 .93 A9 .25 B $25. ilk0:26
L 1.0 205 1.05 0.07 | 0.21 .31 25 .37 37 .34 | 0.23
5 1.5 .08 Tiaplt 0.03 | 0.11 .20 .31 .39 B .46 Il .45 <39 | 0.25
6 2.0 .0k 1038 .07 b .29 .39 47 +52 <55 .59 <58 .51 23t oa2l lFosas
7 2.5 .03 1.45 .09 21 .34 .46 <55 .6L .65 .67 .68 .66 50 42 22 110,27
8 3.0 .02 1. 44 11 23 [, 38 .52 .62 =0 Sl Bl .83 .83 S St .22 nalls
9 3.5 =01 3.85 .12 .26 .40 <55 .68 <79 | <88 <95 | |11.00 | L.02 .99 .76 .19
10 k.o .00 Ji-30] .12 2T 42 .56 ol Bl g S NSOl L6 23 S B 6 i T ol 41
3k 5.0 .00 1.34 .14 .29 45 .60 .75 <90 [F.106 /120" || 137 .92
12 6.0 .09 1.38 .03 21 .39 5T e Bl bestoy o Bl =ty Ml T SO
33 b (6(0) +18 1.41 .05 .23 .40 .58 <75 <92 111509 (3230 | 160 Sk s
1.33
1 8.0 .27 1.45 2060 e | e o R e S e {1.(;2 1:23 Rz it |12 o
15 8.5 .32 qSleT .16 .3k <5k .68 .59 47 .39 +31 <2 .22 Ly
16 9.0 .36 1.48 .08 .26 42 il .39 .33 .30 <27 .2k <20 Sl
alls 10.0 45 abslil, 10 .2k .23 .22 .21 <20 .18 ST cals .15 Jl0-69
18 11.0 .5k 1.55 12 Ol g 13 .13 <13 a3 k) a3 Sl
19 12.0 .79 1.60 .06 .08 .08 .09 .09 .09 .09 .09
20 12.79 1.63 1.63
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TABLE ITT
VOLUMES, SURFACE AREAS, MAXIMUM FRONTAL AREAS,
AND SIDE AREAS FOR HULL TYPES TESTED

Iialues given are for complete hull or fuselaga

Volume | Surface area Maximum Side area
Model (cu in.) (sq in.) frontal area| (gq in.)
(sq in.)

Planing-teil hull 21.49 65.50 2.75 29.82

Swept hull 10.55 41.40 2.14 15.75

| Swept hull with 10.73 43.00 2.3k 16.27
|  extended leading

edge
Blended hull a1).82 859,32 82.13 14.08
Streamline body 21.60 59. 60 217 19.07

CONFIDENTTIAL

8Determined with dead rise extended to upper wing surface (see fig. 2).
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Figure 1.— Arrangement of the wall reflection plane in the Langley high—
speed T— by 10—foot tunnel; wing alone.
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F'icure 2,— Lines of reflection—plane model of blended hull.
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Figure 4.— Lines of reflection—plane model of sweptback hull.
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Figure 5.— Lines of streamline—body reflection—plane model.
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2 SUNACAL
NACA,

Figure 6.,— Wind axes. Positive directions of forces, moments, and
angles are indicated by arrows.
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Figure 7.— Variation of test Reynolds number with Mach number for the flying—boat hulls and streamline
body with a 51.3° sweptback wing.
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(a) Planing-tail hull,

Figure 8.— Reflection—plane hull models tested in the Langley
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T— by 10-foot tunnel.

TOQ6T WY YOVN

6T






CONFIDENTIAL

(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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Figure 9.— Variation with Mach number of the drag coefficient and
pitching—moment coefficient for several hull types and a
gtreamline body with a. 51.3° sweptback wing.
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Pitching-moment coefficient, Cp,

Drag coefficient, Gp
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Mach number, M
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Figure 9.— Continued.
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Figure 9.— Continued.
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Figure 9.— Concluded.
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Figure 10,— Variation with Mach number of the longitudinal aerodynamic
characteristics of several swept—hull configurations with a
51.30 sweptback wing; a = g
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Figure 1l1l.— Aerodynamic characteristics in pitch of a blended hull model
and a streamline body with a 51. 3 sweptback wing at Mach numbers 0.80
and 0.95. CONFIDENTIAL
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Figure 12.— Aerodynamic characteristics of planing—tail hull with a

51,3° sweptback wing in pitch; M = 0.90,
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