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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS OF FLYING-BOAT HULLS
HAVING LENGTH-BEAM RATIOS OF 20 AND 30

By John M. Riebe
SUMMARY

An investigation of a series of hulls of length-beam ratios from 6
to 15 previously reported in NACA TN No. 1305 has been extended to length-
beam ratios 20 and 30. The hulls of the entire series were designed to
have approximately the same hydrodynamic performance with respect to spray
and resistance characteristics regardless of length-beam ratio.

The results of the investigation indicated that, although an increase
in length-beam ratio from 6 to 15 resulted in a substantial decrease in
drag coefficlent, only a small decrease was obtained in going from 15 to
30. The hulls of length-beam ratios 20 and 30 had slightly more longi-
tudinal stabllity and slightly less directional stability than the lower
length-beam-ratio hulls.

INTRODUCTION

Because of the requirements for increased range and increased speed
in flying boats, the Langley Laboratory of the National Advisory Commlttee
for Aeronautics 18 making an investigation to reduce the drag of flying-
boat hulls without severely penalizing the aerodynamic stabillity or
hydrodynamic performance. Reference 1 which presented test results of
hulls with length-beam ratios of 6, 9, 12, and 15 with interference of a
21-percent-thick wing indicated a 29-percent minimum-drag-coefficient
reduction for the over-all length-beam-ratio increase without any large
change in aerodynamic stabllity; test results of the same hulls without
wing interference are presented 1n reference 2. The trend of decreasing
minimum drag coefficients with increasing length-beam ratios indicated
that further drag reductions might be obtained at still higher length-
beam ratios. The present investigation 1s an extension of tests on the
hull series to length-beam ratios of 20 and 30. As in reference 1, most
of the data included the effects of wing interference determined by sub-
traction of wing-alone data from wing-plus-hull data. However, as in
reference 2, results are given that present hull drag coefficients with-
out wing interference.

aensommn ATION  CANCELED
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COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments. Rolling-moment, yawing-moment, and pitching-
moment coefficients are given about the locations (wing 30-percent-chord
point) shown in figure 1. Except where noted, the wing area, mean aero-
dynamic chord, and span used in determining the coefficients and Reynolds
numbers are those of a hypothetical flying boat (reference 1).

The hull coefficients with wing interference were derived by sub-
traction of wing-alone data from wing-plus-hull data. The wing-alone
data were determined by including in the tests that part of the wing
which is normally enclosed in the hull. The hull coefficients with wing
interference, therefore, include the wing interference resulting from the
interaction of the velocity fields of the wing and hull and also the
negative wing interference caused by shielding from the air stream that
part of the wing enclosed within the hull. The data are referred to the
gtability axes, which are a system of axes having the origin at the center
of moments shown in figure 1 and in which the Z-axis is in the plane of
symmetry and perpendicular to the relative wind, the X-axis is in the
plane of symmetry and perpendicular to the Z-axis, and the Y-axis 18
perpendicular to the plane of symmetry. The positive directions of the
stability axes are shown in figure 2.

The coefficients and symbols are defined as follows:

Cr, 1ift coefficient (Lift/qS)

Cp drag coefficient (Drag/qS)

Cy lateral-force coefficient (Y/qS)
Cy rolling-moment coefficient (L/qSb)
Cp pitching-moment coefficient (M/qSG)
C_ yawing-moment coefficient (N/qSh)
Lift = =2

Drag = =X when V¥ =0

X force along X-axis, pounds

X force along Y-axis, pounds

Z force along Z-axis, pounds

L rolling moment, foot-pounds
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M piﬂching moment, foot-pounds
N yawing moment, foot-pounds
2
q free-stream dynamic pressure, pounds per square foot (OV /29
S wing area of a fa-scale model of a hypothetical flying boat
(18.264 sq ft)
& wing mean aerodynamic chord (M.A.C.) of a fs-scale model
of a hypothetical flying boat (1.377 ft)
b wing span of a f%-scale model of a hypothetical flying boat
(13.971 ft)
v alr velocity, feet per second
P mass density of air, slugs per cubic foot
a angle of attack of hull base line, degrees
V¥ angle of yaw, degrees
R Reynolds number, based on wing mean aerodynamic chord of a
]-_]B-sca.le model of a hypothetical flying boat
L/b length-beam ratio, where L 1s distance from forward per-
pendicular (F.P.) to sternpost and b 1s meximum beam
(fig, 1)
Ch minimm drag coefficient
min
CD minimim drag coefficient based on maximum cross-sectional
Bin area A of hull (Drag/qA)
Cp minimum drag coefficient based on volume v of hull
Voo
min (Drag/qv2/3)
CDw minimum drag coefficient based on surface area W of hull
Sin (Drag/qw)
S
o X
oC
<R L
‘¥
e
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MODEIL, AND APPARATUS

The hulls were designed by the Langley Hydrodynamics Division. Hull
models 239 (L/b = 20) and 240 (L/b = 30) which are extensions of the
geries previously reported in reference 1 were constructed by the David
Taylor Model Basin. Dimensions of the complete length-beam-ratio series
are given in figure 1 and the offsets for hulls 239 and 240 are given in
tables I and II; offsets for the other hulls are given in reference 1.
The hulls were derived from a hypothetical flying boat essentially similar
to the Boeing XPBB-1 (fig. 3 and reference 1). All hullse of this L/b

geries had the same value of L2b to provide similar hydrodynamic perform-
ance with respect to spray and resistance characteristics. Tank tests on
model 239 indicate that it will have spray and resistance characteristics
gimilar to that of the lower length-beam ratios; the hydrodynamic stability
will, however, be less.

The volumes, surface areas, maximum cross-sectional areas, and side
areas for the series of hulls are compared in table III.

For the hull tests with wing interference the models were attached
to the support wing of reference 1 which was mounted in the tunnel as
shown in figure 4; the support wing was not a scale model of the hypo-
thetical wing (fig. 3). The wing was located the same distance from the
step on all models, was set at an angle of incidence of 4° to the base
line, had a 20=inch chord, and was of the NACA 4321 airfoil section.

The tunnel test section was lengthened by using plywood fillets in
the corners (fig. 4) to accommodate the long forebodies of hulls 239
and 240. At the same time, the longitudinal static pressure gradient was
considerably reduced.

TESTS

Test Conditions

The tests were made in the Langley 300 MPH 7- by 10-foot tunnel
at dynamic pressures of approximately 25, 100, and 140 pounds per square
foot, corresponding to airspeeds of approximately 100, 200, and 240 miles
per hour. Reynolds numbers for these alrspeeds, based on the mean aero-
dynamic chord of the hypothetical flying boat, were approximately

1.3 X 106, 2.5 X 106, and 2.9 X 106, respectively. Corresponding
Mach numbers were 0.13, 0.26, and 0.31.
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Corrections

Blocking corrections have been applied to the hull-alone, wing, and
wing-plus-hull data. The hull drag has been corrected for longitudinal
buoyancy effects caused by a small tunnel static pressure gradient. Angles
of attack have been corrected for structural deflections caused by aero-
dynamic forces. For the hull-alone tests the effect of the support strut
has been subtracted from the data.

Test Procedure

The aerodynamic characteristics of the hulls with interference of
the support wing were determined by testing the wing-alone and the wing-
and-hull combinations under identical conditions.

For the hull-alone tests the effects of the support strut were
determined by using an image system to determine the tare values which
were subtracted from the data.

Tests were made at three Reynolds numbers. Because of structural
limitations of the support wing, it was necessary to limit the hull data
with wing interference at the higher Reynolds numbers to the angle-of-
attack range shown.

To minimize possible errors resulting from transition shift on the
wing, the wing transition was fixed at the leading edge by means of
roughness strips of carborundum particles of approximately 0.008-inch
diameter. The particles were applied for a length of 8 percent airfoil
chord measured along the airfoil contour from the leading edge on both
upper and lower surfaces.

Hull transition for all tests was fixed by a strip of 0.008-inch-
diameter carborundum particles é% inch wide located approximately 5 per-

cent of the hull length aft of the bow. Hull-with-wing-interference
tests were made with the support setup shown in figure 4; hull-alone
tests were made with the setup shown in figure 5.

As stated previously, the extreme length of the 20 and 30 length-
beam-ratio hulls necessitated extension of the tunnel test section.
Because the alteration resulted in a much smaller longitudinal static
pressure gradient than that of reference 1 and, consequently, smaller
buoyancy corrections, several check tests were made on the 6-to-15
length-beam-ratio hulls.
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RESULTS AND DISCUSSION

The effects of changes in length-beam ratio from 6 to 30 on the
variation in aerodynamic characteristics of flying-boat hulls including
wing interference with angle of attack are presented in figure 6. The
variation of the aerodynamic characteristics in yaw of hulls 239 and 240
(L/b = 20 and 30, respectively) are given in figure 7. Aerodynamic
characteristics in pitch of hulls with length-beam ratios 15, 20, and 30
without wing interference are given in figure 8. The effects of length-
beam ratio on minimum drag coefficient and on the stability parameters
G an, and CYW’ as determined from the present investigation, are

II]C(J

summarized in figure 9; wherever no check tests were made on the 6-to-15
length-beam-ratio hulls, the curves were obtained from references 1 and 2.

Extending length-beam ratio from 15 to 20 with or without wing
interference, figures 6, 8, and 9 produced only a small reduction in
minimum drag coefficient (about 0.0003); very little change occurred
when length-beam ratio was extended from 20 to 30.

Comparison of the length-beam-ratio 6-to-15 data of figures 6 and 9
with that of reference 1 shows good agreement; there was about a 29-percent
-minimum-drag-coefficient reduction with no large change in aerodynamic
stability when length-beam ratio was changed from 6 to 15. The good
agreement between the data of reference 1, which required a buoyancy
correction of about 20-percent hull minimum drag, and that of the present
report, which required only a small correction, indicates that the buoyancy
corrections of reference 1 were of correct magnitude. As in reference 1,
Reynolds number had little effect on drag coefficient. Minimum drag
coefficient for the hulls with wing interference occurred near 2° angle
of attack and near 0° without wing interference. The positive shift in
angle of attack for minimum drag with wing interference resulted from
support-wing camber and incidence.

The drag coefficients with wing interference were lower than the
hull-alone drag'coefficients by an amount dependent upon the drag of the
support wing submerged within the hulls and the interference effect caused
by interaction of the velocity fields of the hull and wing. In general,
the interference effects caused by velocity fields increase the drag
coefficient; however, the increase has been found to be small compared to
the decrease caused by submerging the wing, reference 3.

The results of the present investigation show little or no gain in
flying-boat aerodynamic performence in the low and middle subsonic region
by using hull length-beam ratios higher than about 18. However, other
factors such as a weight reduction with length-beam ratio, reference U4,
may still have some effect provided the hydrodynamic stability is not

!
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too adversely affected. That further large drag reduction with length-
beam ratio cannot be expected is also shown from hull skin drag considera-
tions. Figure 9 includes an estimate of the turbulent skin friction,
reference 5, of the various length-beam-ratio hulls converted into drag
coefficient based on the hypothetical wing area. Comparison with hull-
alone drag coefficient shows that a large part of low-length-beam-ratio
hull drag coefficlent was pressure drag. Extending length-beam ratios

to higher values reduced the pressure drag because of the better aero-
dynamic shape resulting from the narrower hulls. However, at the same
time, there was an increase in hull skin-friction drag because of skin-
area increase, table III. Therefore, because the major part of high-
length-beam-ratio hull drag is skin drag and because of the rapid rise in
skin area, an increase in minimum drag coefficients can probably be
expected for length-beam ratios above 30.

Minimum drag coefficients based on cross-sectional area CD P
Amin

volume CD , and surface area CDw are plotted in figure 10 against

Vmin min

length-beam ratio. The data indicate that for unit volume, a hull length-
beam ratio of approximately 15 has the least drag.

BExtending the length-beam ratio to 20 and 30 resulted in a very

8light increase in longitudinal stability as determined by CmOL and a

8light decrease in directional stability, both of which followed the trends
as set up by length-beam ratios 6 to 15. For convenience the stability
parameters for each value of L/b are presented in table IV. The values
given in the table for the 6-to-15 length-beam-ratio hulls were determined
from the check tests wherever they were made; otherwise, the values were
obtained from references 1 and 2.

Included in table IV for convenient comparison with other hulls
and fuselages are the parameters K, acnf'//aW', and oC /aﬁ, as given in
n

references 6, 7, and 8, respectively. The parameter Kr 1s a fuselage
moment factor in the form of aCm/am, based on hull beam and length where

@ 1s in radians. The yawing-moment coefficient C ' in e o ‘/BW is
15

f
based on volume and is given about a reference axis 0.3 of the hull

length from the nose. The parameter 8Cn/BB is based on hull side area

and length for which the yawing-moment is also given about & reference
axis 0.3 of the hull length from the nose, and B 1is given in radians.



B NACA RM No. L8H11

CONCLUSIONS

The results of an investigation in the Langley 300 MPH 7- by 10-foot
tunnel made in order to extend a previous investigation of hulls with length-
beam ratios ranging from 6 to 15 to ratios of 20 and 30 indicate the
following conclusions:

1. With or without wing interference, extending the length-beam
ratio from 15 to 20 produced only a small reduction in minimum drag
coefficient; very little change occurred when length-beam ratio was
extended from 20 to 30.

2. The hulls of length-beam ratios 20 and 30 had slightly more
longitudinal stability and slightly less directional stability than the
lower length-beam-ratio hulls.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I

OFFSETS FOR LANGLEY TANK MODEL 239 (L/b = 20)

Bll dimensions are in mchea-]

Distance Kesl Chtne Half- Radius Height Line of Ax;?le EOrebody; bott?::;hl)xeiglts SoLE )
Station to ‘beam and half of centers ohine
forward above above at maximm hull above flare Buttock Buttock Buttock Buttock Buttock Buttock Buttock Buttock Buttock
perpendicular E % chine beam at g, 3 (deg) 0.29 0.59 0.88 118 1.47 1.76 2.06 2.35 2.64
F.P 0 10.30 [10.30 | O 0 11.00 11.00
1/2 2.78 5.49 Tollts 123435 1.35 14.29 12.9%4 10 6.07 6.67 7.05 7.15
i 5.55 3.76 5.9 | 1.8 1.8 15.72 13.92 10 4.21 L .66 5.12 5.41 553 5.50
2 11.09 1.83 3.5 | 2.27 2.27 17.36 15.09 10 2.16 2.49 2.83 Fell 3.33 3.46 3.48
3 16.64 .80 2.23 | 2.54 2.54 18.41 15.87 10 1.0 1.29 1.5k 1.79 2.00 2.15 2.2k 2.25
i 22.19 27 150 [ 2.q1 2. 19.12 16.41 10 46 .65 & 1.0k 1.22 1.37 1.48 1.53 1.51
5 27.73 NolS 1.08 2.81 2.81 19.60 16+79 10 .19 .34 A9 .63 .78 .91 1.02 1.09 1.10
6 33.28 0 .87 2.87 2.87 19.88 17.01 5 11 24 35 L6 56 .69 .78 3 .5
7 38.83 0 & 2.8 2.8 19.99 17.10 0 T i .32 43 Sk 64 T2 .78 &
8 4437 0 &2 | 2.8 2.8 20.00 17.13 0 A1 21 .32 43 5k 64 .72 .78 &
9 L9.92 0 & 2.8 2.8 20.00 370 0 1 21 .32 43 Sk 6L .72 .78 &
10 55.46 0 & | 2.8% 2.8 20.00 17.11 0 A1 21 .32 A3 5k 6k 72 .78 &
1 61.01 0 & | 2.8 2.8 20.00 17GEL 0 a1 21 .32 43 Sk 6l 72 .78 &
12F 66.61 [¢} & 2.8 2.8 20.00 1731 0 3 21 .32 43 Sk N T2 .78 &
12A 66.61 1.16 2.21 2.8 2.8 20.00 17.11
13 72.10 1.68 2.72 | 2.8 2.87 20.00 27613
1k 77.65 2.20 32900213 2.8 20.00 17.18 l—‘ Radius and half maximum beam
15 83.20 2.3 3.66 | 2.56 2.73 20.00 17.27 [~
16 88.74 3.25 Lao | 2.35 2.60 20.00 17.%0 N
el _ Straight Y
17 94.29 3.78 4.53 | 2.05 2.2 20.00 17.58 line (.L 1 ot
i
18 99.8: 4.30 | ko1 | 1.69 2.23 20.00 | 17.77 e g% / g,
Angle of ol |s = Straight
19 105.38 4.8 5.26 121 1.97 20.00 18.03 chine flare = R {:,f
oo I R
20 110.93 5.35 5.59 & 1.67 20.00 18.33 L | % 4
1 1
sp 115.73 5.0 | 5.80 | 0 1.38 20.00 | 18.€ l Y w l
2. L '
21 116.48 6.66 133 20.00 18.67 %<eel above %1 Halt-beam ]
22 122.03 12.36 .98 20.00 19.02 é Chine above B, at chine
Tail
23 127.58 16.43 .58 20.00 19.42 Forebody Afterbody  extension
4 ae 132.22 18.90 23 20.00 19.77 i

0T
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TAELE IT

OFFSETS FOR LANGLEY TANK MODEL 240 (L/b = 30)

- A1 dimensions are in inched]

Distence Half- | Redius | Holght | Line of Terehely Pobicn s Selte slove b
to Keel Chine beam and half of centers of > -
Station Porsard. above above &t ‘maximm hull above chine  fgyttock | Buttock |Buttosk [Buttock |Buttock | Buttock | Butbock | Buttock |Buttock
flare 02
perpendicular 3 ) chine beam at g, 5, (0g) | 022 045 [o0.65 [ 0.90 ( 1.2 (-1.3% [ 157 [ 1.79 | 2.
TP 0 10.30 10.30 0 0 11.00 11.00
1/2 3.18 5.49 6.75 1.03 1.03 14.29 13.26 10 5.93 6.39 6.68 6.76
g 6.35 3.76 5.08 1.37 1.37 15.72 14.35 10 k.10 L5 4.8 5.02 5.11 5.09
2 12.70 1.83 3.07 1.73 a P 17.36 15.63 10 2.09 2.34 2.59 2.81 2.97 13.07 3.09
3 19.04 .8 1.8 1.9% 1.9% 18.41 16.47 10 .98 1.18 1.36 1.56 1.7T2 1.83 1.90 1.91
I 25.39 27 1.21 2.07 2.07 19.12 17.05 10 L1 .56 T .86 1.00 1.1 1.19 1.23 1.22
5 3174 ot .83 2.15 2.15 19.60 17.45 10 15 27 38 49 .60 .70 .78 .84 &
3 38.09 0 .68 2.19 2.19 19.88 17.69 5 .09 .18 26 +35 R 53 .60 .65 .68
L k3 o .63 2.21 2.21 19.99 17.78 0 .08 .16 25 .33 A1 49 55 .60 .63
8 50.78 0 .63 221 2.21 20.00 17.79 0 .08 .16 25 .33 A1 49 55 .60 .63
9 5713 0 .63 2.21 2.21 20.00 17.79 0 .08 .16 25 .33 A1 ) S5 .60 .63
10 63.48 0 .63 2.1 2.21 20.00 17.79 0 .08 .16 25 .33 b1 U9 55 .60 .63
1 69.% 0 .63 2.21 221 20.00 17.79 0 .08 .16 25 .33 A1 L9 55 .60 .63
12F 76.23 0 .63 2.21 2.21 20.00 17.79 0 .08 .16 25 .33 1 L9 .55 .60 +63
12A 76.23 1.16 1.96 2.21 2.21 20.00 17.79 b
Radius and half maximum beam
13 & .5 175 2.54 237 2.19 20.00 17.81
1k 88.87 2.35 3.11 2.08 2.14 20.00 17.86
15 95.21 2.95 3.66 1.95 2.05 20.00 17.95 —
Straight @ ‘li.
16 101.56 3.55 k.20 1.79 1.92 20.00 18.08 line g I 2
—_—— S 19 [
iy 107.91 4.5 h.72 1.56 175 20.00 18.25 § g : Straight
b
18 114.26 4.75 5.22 1.29 1.52 20.00 18.48 e s | line
chine flare o 1=
19 120.66 5.35 5.68 %2 1.27 20.00 18.73 5 3 \ |
: |
20 126.95 5.95 6.12 .48 .98 20.00 19.02 = x ] |
sp 132.45 6.47 6.47 o AT 20.00 19.29 Zf(eel above B Halt“hearn l
21 133.30 8.05 .66 20.00 19.34 Chine above B at chine
- Tail
22 139.65 17.90 20 2000 19.8 Forebody Afterbody extension
AP 141.84 19.56 A7 20.00 19.83

TTHERT *ON WM VOVN
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TABLE ITT

VOLUMES AND AREAS OF FAMILY OF LENGTH-BEAM-RATIO HULLS

Lal;;‘;’iy Length Volume Surface area mim&f_z; Side area
e beam (cu in.) (sq in.) Rk (sq in.)
213 6 14,831 4540 226 1639
203 9 12,916 4581 1& 1752
21k 12 11,528 Lesh 150 1870
224 15 10,653 4760 130 198
239 20 9,705 4993 109 2127
240 30 8,367 5328 8 2340




TABLE IV
MINIMUM DRAG COEFFICIENTS AND STABILITY PARAMETERS WITH WING INTERFERENCE

FOR LANGLEY TANK MODELS OF THE LENGTH-BEAM-RATIO INVESTIGATION

C Ke C C oC,. /o 96 A '
CD in My, ny n/ B nf/aw
Model|L/b

(1) (1) frflae? lu= 60 = 24a = a=2 lo=6|a=2a=6

213 | 6 [0.0072|0.0093|0.0057|0.0061({0.77|0.8|0.0048|0.0048[0.0009|0.0008(-0.099 [-0.081|0.021|0.017
203 | 9 | .0062| .0079| .0045| .0049| .99|1.07| .0051| .0050| .0012| .0010| -.100| -.088| .027( .023
214 (12 | .0056| .0072| .0037| .00LO|1.1L4{1.23| .0051| .0051| .0013| .0012| -.100| -.115| .O034| .o4O

224 |15 .0053| .0068| .0033| .0031|1.32|1.24| .0051| .0051| .0014| .0013| -.101| -.126{ .O41| .052

239 |20 | .0050| .0066| .0030| .0024|1.68|1.46| .0055 0015 -.078 .040
240 |30 | .0049| .0066| .0024| .0017|2.16|1.62| .0065 .0017 -.073 J051
1my11 without wing interference.

TIHET *ON WI VOVN
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Figure 1.- Hulls of the Langley 300 MPH 7- by 10-foot-tunnel length-beam-
ratio investigation. (All dimensions are in inches.)
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Figure 2.- System of stability axes. Positive directions of forces, moments,
and angles are indicated by arrows.
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T = L35t

Figure 3.- Comparison of T%—scale models of the XPBB-1 flying boat and

hypothetical flying boat incorporating hull 203.




Figure 4.- Langley tank mddel 240 mounted in altered test section of the Langley 300 MPH 7- by
10 -foot tunnel.
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1.-51232

Figure 5.- Hull mounted on single support strut in the Langley 300 MPH 7- by
10 -foot tunnel.
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Figure 6.- Aerodynamic characteristics in pitch of flying-boat hulls with wing
interference of length-beam ratios ranging from 6 to 30.
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