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TECHNICAL NOTE NO. 1305

EFFECT OF LENGTH-BEAM RATIO ON THE AERODYNAMIC
CHARACTERISTICS OF FLYING-BOAT HULLS

By Campbell C. Yates and John M. Riebe
SUMMARY

A wind-tunnel investigation was made to determine the effect
of length-beam ratio on the aerodynamic characteristics of a
family of flying—boat hulls in the presence of a wing. The hulls
were designed to have approximately the same hydrocdynamic performance
with respect to spray and resistance characteristics regardless of
length-beam ratio.

The investigation indicated a reduction in minimum drag
coefficient of 0.0022 (29 percent) with fixed transition when
length-beam ratio was extended from 6 to 15. Minimm drag
generally occurred in the angle-of-attack range from 2° to 3°
for all length-beam ratios. Increasing length-beam ratio from
6 to 15 increased the hull longitudinal stability by an amount
corresponding to a rearward aerodynamic—center shift of about

2% percent mean aercdynamic chord on a flying boat; at an angle of
attack of 2° the same change in length-beam ratio increased the

hull directional instability by increasing the variation of yawing-—
moment coefficient with angle of yaw from a value of 0.0009 to
a value of 0.001k.

Incorporating a hull step fairing, which extended longitudinally
about 9 times the depth of the step at the keel, resulted in a
reduction up to 16 percent in minimum drag coefficient.

INTRODUCTION

In view of the requirements for increased range and increased
speed in future flying-boat designs, the Langley Laboratory of the
NACA is making an investigation of the aerodynamic characteristics
of flying-boat hulls as affected by hull dimensions and hull shape.
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Hydrodynamic tests have shown that at the same gross loed the
length-beam ratio may be varied without appreciably altering the
hydrodynemic performance with respect to resistance and spray
characteristics provided that ths product of the beam and the
square of the length is held constant. This criterion was used
in designing a fawnily of hulls with length-beam ratios of 6, 9,
12, and 15 which are epplicable to a flying boat for which gross
woight, nower, center of gravity, tail length, and all geometries
except the hull itself are held constent. The hydrodynamic perform-
ance with rospoct to spreay and rosigtence characteristics would
therefore be similar regardless of length-beam ratio in the afore-
mentioned range; thus, the relative aerodynemic performance of the
hulls would bte an important factor in determining the length-beanm
ratio used in the flying-boat design.

The present investigstion was mads in the Langley 300 MPH T-
by 10-foot tunnel to determine the effect of length-beam ratio on
the aerodynamic characteristics of the family of hulls previously
described. The effect of wing interference is included in these
characterigtics.

COEFFICIENTS AND SYMBOLS

The results of the tests are prosented as standsrd NACA
coefficients of forces and moments. Rolling-moment, yawing-moument,
and pitching-moment cosfficients are given about the location
(30-percent~chord point of wing) shown in figure 1. Except where
noted, the wing erce, mean serodynamic chord, and span of a hypo-
thetical flying boat derived from the XPBB-1 flying boat (fig. 2)
are vsed in determining the coefficients and Reynolds nuwuber.

The date are referred to the stability axes, which are = systenm

of axes having their origin at the center of mcments shown in
figure 1 and in which the Z-axig is in the plane of symmetry

and perpendicular to the relative wind, the Y-axis is in the

plane of symuetry and perpendicular to the Z-axis, and the Y-axis
is perpendicular to the plame of symmetry. The positive directions
of the stability axes are shown in figure 3.

The coefficients and syubols are defined as follows:

C1, 1lift coefficient (Lift/aS where Lift = -2)

1}
o

Cp drag coefficlent (DragfqS where Drag = -X whon V¥

Cy longitudinel-force coefficient (X/a3)
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lateral-force coefficient (Y/qS)
rolling-morent coefficient (L/qSb)
pitching-moment coefficient (M/qSE)
yawing-moment coefficient (N/qu)
force along X-axis, pounds
force along Y-axis, pounds
force along Z-axis, pounds
rolling morent, foot-pcunds
pitching moment, foot-pounds
yawing moment, {oot-pounds
free-stream dynamic pressure, pounds per square foot
)
- -~
wing ares (18.264 sq ft for i%-scale model of hypothetical

flying boat, fig. 2)

mean asrodynamic chord of wing (1.377 £t for fa-scale mode L

of hypothetical flying boat, fig. 2)

wing span (13.971 £t for fa—scale model of hypothetical
flying boat, fig. 2)

air velocity, feet per second

mags density of air, slugs per cubic foot

angle of attack of hull base line, degrees except where
otherwise noted

angle or yaw, degrees

length-beam ratio, where 1L is distance from forward
perpendicular (F.P.) to sternpost end b is maximum
beam (fig. 1)
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R Reynolds number, based on mean aerodynamic chord of wing
of f%-scale nodel of hypothetical flying boat
O
Alrs
M Mach number imesd
Speed of sound in air
CDmin minimum drag coefficient
Cpp_ minimum drag coefficient based on maximum cross-sectional
rin area A of hull (Drag/gh)
CDv minimum drag cocefficient based on volume v of hull
CDW-i minimm drag coefficient based on surface area W of
o hull  (Drag/oW)

ol
Cry = =&

ca
Bt
Ty v

9y
c B o
Ty oy

MCDEL AIND APPARATUS

The hulls were designed by the Langley Hydrodynamics Division.
Dimensions of the hulls are given in figure 1 and offsets are given
in tebles I to IV.

Langley tank mcdel 203 (% = é) was derived from a hypothetical

flying boat, Langley tank modsl 2034, essentially similar to the
Boeing XPBB-1 flying boat (fig. 2). The form and proportions of

hull 203 (all Langley tank models are referred to herein as hulls
because only the hulls of the models were used for the tests) are the
same as those of hull 203A except that the teil oxtension was refaired
and the depth of step et the keel weas increased from .89 inch to

1.16 inches The depth of step was increased to permit edequate
hydrodynamic stability at the lowest lengtn-beam ratio. Because the
depth of step is to remain a constant throughout the series, 1t is not
to be assumed that the hydrodynamic stability is similer for the
several models but it mey be assumed that the change in stability

is not such as to make any of the hulls unsatisfactory.
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Langley tenk models 213, 21k, and 224 were derived from model 203
by keeping constant the product of the beam and the square of the
length, the depth of step at the keel, and the maximum height of the
hull. The location of ths wing with respect to the step and the
length of the hull aft of the step (afterbody plus length of tail
extension) are the same for all models. The change in over-all
% is accomplished by varying the
forebody length. The volumen, surface areas, maximum cross-sectional
areas, and side areas for tlLo four hulls are compared in the
follewing table:

length due to variation of

Langley I . 3 Meximum cross- |
St = Volume ourfac§ 898 | soctional ayea | 21de ares,
P (cu in.) (sq in.) (sq in.) (sq in.)
213 6 | 14,831 4540 206 1639
203 9 | 12,916 4581 182 1752
214 12 | 11,528 4550 150 1870
o2k 15 1 10,653 4760 130 19585

The models were mounted on a wing which was designed either to
span the turmel test section vertically as shown in figure 4
(two-dimensional mounting) or to be mounted horizontally as shown
in figure 5 (three—dimensional mounting). Transformation from
one mounting to the other was achieved through the use of end caps
and suitable cover plates. On all models, the wing was set at an
angle of incidence of 4° to the base line, had a 20-inch chord, and
wes of the NACA 4371 airfoil section.

The hulls and wing were of laminated-wood construction and
were finished with pigmented varnish.

Step fairings that exte.ded 9 times the corresponding depth of
steop at the keel were made of wooden blocks for the hulls of

% =6 and % = 12. The general proportions of the feirings are

shown in figure 6.
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TESTS

Test Conditions

The tests were made in the Langley 300 MPH 7~ by 10-foot
tunnel at dynamic pressures ranging from 25 to 200 pounds per
square foot, which correspond to airspeeds ranging from 100 to
290 miles per hour. Reynolds numbers, based on the mean aero-
dynamic chord of the wing of thg hypothetical flying boat, ranged
from 1.25 x 109 to 3.40 x 109. Corresponding Mach nmubers ranged
from 0.13 to 0.39 (fig. T)-

Corrections

Blocking corrections have been applied to the wing and
wing-plus-hull date. The drag of the hull has been corrected for
horizontal buoyancy effects caused by a tunnel static-pressure
gradient. Angles of attack have been corrscted for structural
deflections caused by asrodynamic forces. K

Test Procedure

The eserodyneric characteristics of the hulls were determined
with the interference of the mounting wing by testing the wing
alone and the wing-plus-hull combinations under the same condlitions.
The asrodynamic coefficients of the hull were then determined by
subtraction of wing-alone coefficients from wing-plus-hull
coefficients.

In order to minimize possible errorsg that result from transition
shifting on the wing, the wing transition wee fixed at the leading
edge ior all tests by mesns of roughness strips of approximately
0.008-inch-diameter carborundum particles. The particles were applied
for a length of 8 percent chord of the mounting wing measured along
the airfoil contour from the leading edge on both upper and lower
surfaces.

The hulls, with the exception of hull 22k, were tested with
fixed and free transition. For the fixed-transition tests, a
transition strip % inch wide was located approximetely 5 percent
of the hull length aft of the bow. Carborundum particles of
approximately 0.003-inch diemeter were used for this strip also.

With the exception of hull 22k (E% = 15) pitch tests were
made with the model mounted horizontally and vertically to obtain
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data with different tunnel-wall conditions and different mountings.
Hull 224 was tested at a later date than were the hulls of lower
length-beam ratios and was tested only with the horizontal
mounting. All yaw tests were made with the horizontal mounting.

RESULTS AND DISCUSSION

The effecte of length-beam ratio on the variation of hull
serodynamic characteristics with angle of attack are presented
in figures 8 and 9 and with angle of yaw in figure 10. - The
effects of length-besn rati. on drag and on the stability
parameters Cmy, Cn’lf’ and CYW are summerized in figure 11.

Comparison of data (figs. 8 and 9) from the two-dimensional
and. thrse-dinensional mounting setvups wder similar test conditions
shows fairly good agreement. An increase in the length-beam ratio
resulted in a reduction in the drag coefficient throughout the angle-
of -attack range tested. The minimum drag coefficient for most
conditione occurred in the angle-of -attack range between 2° and 3°.
Bocause of structural limitetions of the mounting wing, it was
nscessery to limit the data obtained at the higher Reynolds number
conditions to the angle-of-attack ranges shown. With transition

" S P g L

fixed, the minimun drag coefficient for the hull of B 9 was
less by a valus of 0.0009 (12 percent) than the winimum drag
coefficient for the hull of 55‘ =6 (fig. 11). Smaller reductions
i i LE P L
in minimum drag coefficient, 0.0007 and C.0000, occurred when T was
extended from 9 to 12 and from 12 %o 15, respectively. The over-all
reduction for an extension of .—{‘)’ from 6 to 15 was 0.0022, a

reduction of 29 percent. The data for the free-transition tests
L -
CDnin With %, and tho value
of CDmip ig about 0.0005 lower than for the fixed-transition
tests throughout the range of length-bsam ratio. Reference 1 indicates

show ths same general variation of

that the same general trend of CDr";in with % will probably occur

\ for a hull without wing interference although the shsolute values
will differ.

\ The cheracteristic. of drag reduction with increase in length-
£ beam ratio is similar to that reported in & British paper of limited
‘ distribution by Clark and Cameron. A comparison with data from
the British paper of drag coefficients (transition free) based
‘ on cross-sectional area, volume, and swrface area is presented
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in figure 12. Variationsof the drag coefficients with % generally

compare Tavorably. It must be remembered, however, that the hulls
tested by Clark and Cameron were not designed from the same hydro-
dynamic criterion uvsed in the present investigation and were tested at
a lower Reynolds number. The British results are, therefore, not
directly comparable with the results of the present investigation

but indicate the seme trends. The effect of Reynolds number on Cpy .,
as indicated herein (fig. 13) was generally small; however, some
reduction did occur with Reynolds number, especially for the
transition-free condition.

In order to obtain some indication of the effect of aerodynamic

refinement on the variation of Cpyy, with length-beem ratio, the
hulls of % =6 and '% = 12 were tested with step fairings as
shown in figure 6. A comparison of these data (fig. 14) with those
of the originel step condition shows a sgimilar reduction in drag
coefficient for both length-beam ratios; thus the same general

L

variation of Cp,;, with 3 exists. The reduction in drag
coefficient was approximately 13 percent for the hull of % =6

and 16 percent for the hull of % = 12. These data agree in

general with the data of the British paper in which the drag cocefficient
of & huli of % = <;% = 5.7 as defined in the present pape%)

was decreased 16 percent by the addition of a step fairing.

Increased length-beam ratio had a beneficial effect on hull
longitudinal stability but caused en increase in directional instability
(fig. 11). The change in longitudinal stability corresponds to

a rearward aerodynamic-center ghift of about 2% percent mean aero=-
Pk
dynemic chord on a flying boat when %— was changed from 6 to 15.

Calculations made from reference 2 for the hulls without wing inter-
ference gave values of Cpg approximetely the sawe as those of

figure 11, which fact indicates that the geometry of the hulls
L

probably accounted for most of the variation of Cm“ with 3

Reynolds number end transition had very little effect on Cmg .
At an angle of attack for minimum drag of 2°, the directional

instability, measured by Cny, was greater for % = 15 than for

% = 6, the values of an being 0.0014 and 0.0009, respectively.

Increasing the angle of attack to 6° resulted in a less unstable
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condition; the values of Cny were generally reduced about 0.0002
throughout the range of length-beam ratio.

An estimate was made to determine the drag reduvction with
increesing length-beam ratio for the hulls fitted with vertical
tails, the sizes of which wero adjusted to give the same directional
8tability. = Calculations indicate that the increase in vertical-
tail size would have a small effect on the variation of drag with
length-beanm ratio; as a result, the drag coefficient contributed by the
vertiﬁal tail would be about 0.0002 greater for E - 15 than that
for £ = 6. This increage in vertical-tail size would be somewhat
compensated for by an allowable decrease in horizontal-tail arsa at
the higher length-beam ratios provided that sufficient horizontal-
tail area were available for trim. The decrease in horizontal-
tail area with £, however, would probably be less than the increase
in vertical-tail area.

o'it

The parameter Cyy was slightly more positive at the higher

length-beai ratios. Increasing the angle of attack from 2° to 6°
had a negligible effect on CYW’ Thege variations of the paraneters

CYw and an with % probably result from the increase of hull

length and side area ahead of the conter of moment at the higher
as shown in figure 1. TFor convenience the stebility

o

value of

T
parameters for each value of & are presented in table V. In
)

|
order to compare the results of these tests with the results of
investigations made of other hulls and {uselages, the parameters Kr,

'Bcnf'/aﬂ”, and ACp/OB, as given in references 3, L, and 5,

respoctively, ere included in the table. The parameter Ky is a
fuselage moment factor, in the form of oCp/da, based on hull
beam and length where o is in radians. The yawing-moment
coefficient Cpp' in BCnf'/bv' is based on volume and is

given about a reference axis 0.3 of the hull length from the
nose. The parameter BCn/BB is based on hull side area and

length for which the yawing moment is also given about a reference
axis 0.3 of thes hull length from the nose and B is given
in radians.
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Instability as given by the parameters OCnp'/OV' end OCn/OB

generally egreed closely with the hull velues given in references n
and 5. meMw%wofa%gﬁw with %cwbe%&ﬂmm

to the reduced numerical values of volume used in determining the
coefficient at the hisher lsngth-beam ratios as well as the

generally dsstabilizing effect of increasging %.

Tuft studies of the fcirebody bettom and step part of model 203
(% = 2) are presented in figures 15 and 16, respoctively.

CONCLUSIONS

The results of wind~-tunnel tests of a family of hulls - in
the presence of a wing - heving length-beam ratios of 6. 9, 38,
end 15, a constant product of the beam and the squere of the
length, a conetant height, and the same depth of step at the
keel indicated ths following conclusions:

1. With transition fixed a reduction in minimum drag coefficlent
of 0.0022 (29 percent) occurred when length-beam ratic was extended
from 6 to 15.

2. Minimum drag for all hulls tested generally occurred in
the range of engle of ettack from 2° to 3°.

3. Increasging length-beam ratio from 6 to 15 caused an increase
in hull longitudinal stability by an amount corresponding to a

rearward. aerodynamic-center shift of ebout 2% percent mean

ecerodynamic chord on a2 flying boat.

4. Increasing length-beer ratio from 6 to 15 increased the
hvll directional instabilit~ by increasing the variation of yawing-
noment coefficient with an_le of yaw from a valve of 0.0009 to
a value of 0.001l4 at an angle of attack of -8

5. Incorpcrating a hull step fairing, which extended longitudinally
about 9 times the depth of the stevp at the keel, resulted in a reduction
up to 16 percent in minimum drag coefficient.

Janaley Memorial Asronautical Laboratory
National Advisory Committee for Aeronautics
Iangley Field, Va., December 12, 1945
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TABLE I
OFFSETS FOR LANGLEY TANK YODEL 213 (§ = 6)
[All dimensions are in 1nch.s]

B e e e [0 gy e csigia]  verenony i, MeTe s it o
Station| to | "l ese | at | Palf at above |chine Buttocks
F.P. 1ine |1ine |chine maximum ([center | base flare
beam line line |(deg)|0.66|1.31|1.97|2.62|3.28|3.93(L.59(5.2L]5.90
F.P. 0 10.30(10.92|0 0. 10.92
1/2 1.86 | 5.49( 9.17|3.01 3,01 | 14.29 | 11.28 10 |6.79}8.11|8:96|9.20
1 3.7 | 3.76| 7.63|L.01 L.00 | 15.72 | 11.72 10 {L.76|5.78|6.80|7.L3{ 7.71|7.6L}
2 7.2 | 1.83| 5.45/5.06 | 5406 | 17.36 | 12,301 10 [2.58]3.51[L.06[L.69]5.17 5.46] 5.51
3 11.,14] .80 L4.00|5.66 5066 | 18.41 | 12.85 10 |1.34}1.90|2.45]3.02] 3.49]3.81] L.o1{L.05
L 1.85 27| 3.01f6.04 6,04 { 19.22 { 13.08 10 | .69}1.22]1.55/1.99}2.39]2.72} 2.97}3.09]3.04
5 18456] 04| 2.36[6.28 6,28 | 19.60 | 13.32 10| .37} .71|1.04|1.35]1.69]1.98] 2.22}2.372.41
6 22,271 0 1.98) 6.41 611 | 19.88 | 13.47 51 25| .52| .77/1.02]1.28]1.50 1.74}1.91}1.99
7 25.98| o 1.83|6.45 | 6.45 | 19.99 | 13.54 ol .24 47| .72] .96)1.21f1.43f 1.61f1.74f1.83
29.76 0 1.83|6.455] 6.455| 20.00 | 13.55 ol .24 47| .72 .961.21[1.43f 1.61)1.74}1.83
9 33.41) 0 1.83|6.455] 6.455] 20.00 | 13.55 ol .2 47| .72] .96]1.21|1.43] 1.61f1.7L]1.83
10 37.12| 0 1.83]6.455 6.455] 20.00 | 13.55 of .24 7| o72] .96 1.21)1.043 1.61f1.7411.83
1 4,0.83| o 1.83| 6455 6.455] 20400 | 13455 ol .24 47 .72 .96]1.21f1.43] 1.61]1.74{1.83
12F L4 .58] o 1.83]6.455] 6.455] 20.00 | 13.55 of .24 .7l .72 .96|1.21f1.43] 1.61)1.74{1.83
124 L.58] 1.16] 3.51|6.455) 6.455]| 20.00 | 13.55 A
13 148.26] 1.51| 3.83|6.36 6.43 | 20,00 | 13.57 /‘\ -« .%
oy
1k 51.97( 1.86] 4.08{6.09{ 6.39 [ 20.00 | 13.61 « '§§
[
15 55.68| 2.21| L.28/5.70 | 6.30 | 20.00 | 13.70 \]‘K\ 3
16 59,39 2.56] L.47|5.24 | 6.17 | 20.00 | 13.83
17 63.10] 2.91] L.57|L.s57 | 6.01 | 20,00} 13.99 & _§~
18 66.82| 3.26| L.63]3.76| 5.81 | 20000 W9 | § w Q
ol Elallt
19 70.53| 3461 Lo59|2.70 5.57 | 20.00 | 1h.43 ~_| S =
S ] <
20 2] 3.96] L.li7[1.39 5,28 | 20.00 | 14.72 g ‘6@ .
SRS v
SR 77.45] 4.27{ L.27[0 ’g‘ 2w 03 §.§
21 77.95| .69 k.95 | 20,00 15.05 | « ST 33 8§
I ‘\1_—71 e
22 81.66] 7.47 .58 | 20,00 | 5.2 & £ ! Eﬁ%‘
~ S l: S
23 85.37 9.70 Lae | 20.00| 15.8 o P / M . ‘L\J S
3 —= = W O
2l 89.08f 11.50 3,70 { 20,00} 16.30 & S
(\'e iy
25 92.79] 12.90 3,22 | 20.00| 16.78 Sl ‘.@\\
W
26 96.50] 11,18 2,70 | 20.00| 17.30 J k\; \(‘ o |
R o' % v
27 100422} 15.47 2,15 | 20.00 ] 17.85 < z Jo _g 3
il T Q
28 103.93| 16,74 1,55 | 20.00| 18.L5 g o= gg o o
[0} < .
29 107.6l} 18,02 .93 { 20.00| 19.07 nbxj $
A.P. 110.19{ 18.90 .51 | 20,00 19.49

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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OFFSETS FOR LANGLEY TANK HODEL 203 (% = 9)

[All dimensions are in inches]

Keel |Chine|Half Radius | Height | Iine of| Angle| Forebody bottom, heights above base line
o e Dis:znoo el b od el (S U [PTIR S T centers| of sy
FoPe base | base at mtax;}nfnnd ce::er qtl:::: ;’iua!!‘: 1 i
1ine | line | chine 58 o Tine T (deg) 5 : ]Fz- 2 2% 3 ‘ '5% l in l%
F.P. 0 10.30{10.30{0 0 11,00 | 11,00
1/2 2.13 | 5.49] 8.30{2.30 | 2.30 14.29 | 11.98 10 | 6.48}7.49]8.14] 8.32
) Le25 | 3.76] 6.71|3.06 | 3.06 15.72 | 12.66 10 |L4e52]5430]6409] 6.56]6.77]6+72
2 8.50 | 1.83 l“59. 3,86 | 3.86 17.36 | 13.50 10 |2.40]2.96]3.53] L.01]L .38{L.60[L.6L
3 12.75 .80f 3.24{4.32 | L.32 18.41 | 14.08 10 {1.21|1.64{2.06]2.49|2.85]|3.10]3.25(5.28
i 17.00 27} 2.36{L.61 | L.61 19.12 | 14.52 10| .59] .92}1.25/1.58|1.89]2.14}2.33|2.42]|2.38
5 21,25 o0L) 1.81|L4.79 | Le79 19.60 | 14.81 10| .29} .55] .80{1.04)1.30{1.52|1.70{1.82]1.85
6 25,50 | O 1.51{4.89 | L.89 19.88 | 14.99 5| .19) 4o .59 .78] .98|1.18{1.33[1.L46|1.52
7 29.75 | ©O 1.4014.92 | L.92 19.99 | 15.07 0| .18} +36] .55 73] .92]1.09{1.23{1.33|1.40
3L,,001 0 1.40{4.925] L4.925 | 20.00 | 15.08 o] .18 +36] .55 .73] .92|1.09]|1.23|1.33|1.40
9 B.25| 0 1.40f4.925] Le925 | 20.00 | 15.08 o| .18] .36] .55\ .73] .92]1.09|1.2341.33|1.40
10 L2.50] o 1.40{L4.925] L.925 | 20.00 | 15.08 ol .18} .36] .55 .73] .92}1.09|1.23]1.33|1.40
1% Lé6.75] © 1.40{4.925] L4.925 | 20.00| 15.08 0] +18] 36| 55| 73] .92/1.09[1.23{1.33|1.40
12F 51404 | . O 1.40|4.925] L.925 | 20.00} 15.08 of 18] .36] .55 73] .93 1.09]1.23]|1.33]| 1.L40
124 51,04 | 1.16] 2.95{L.925] L.925 | 20.00 | 15.08 °©
.S
3 o2 1.56] 3.32|4.8 91 20,00 | 15.0 S
3 55425 56] 3.32|14.85 | L9 509 4 - —“]S N
1 59450 | 1496] 3.65[Le65 | Le86 20,00 | 15.14 g.g ‘E
o~
15 63.75 | 2436 3.9 L35 | La77 [ 20.00) 15.23 R
16 68.00| 2.76] L.22{L.00 | L.65 20,00 | 15.33 S -
17 | 72.25| 3.6 Luis[3.o| b8 [ 20000f 1552 | & 2
Q L . ‘,{’_@ <
5 3 $
18 76501 3.56] Le61|2.87 | Le28 20,00 | 15.73 | S S =
S ¥ E
19 80,751 3.97] L.72]2.06 | L.03 20,00 15.97 | S - gg
8 = (-l}’\ ° Q3
S ™ 2
20 85,00 L.57) LaT5|1406 | 3473 | 20.00f 16.27 | % < 2 4
< % = ¥
S.P. 88.68| L.72 Le72]0 Sl el Sl
¥ ®s =
21 89.25| 5428 3,00 | 20.00] 16.60| S & ‘g
n_ I 3203257 — R
22 93.50| 8.7 3,02 | 20.00| 16.98 %\\ = = : o= e
S
23 97.75 | 11.L3 2.61 | 20.00] 17.39 ‘g \< <——}@ L
g4
2l 102.00| 13.61] 2.16 | 20.00| 17.8, (j 5 \( v oo
L B é =
25 106.25| 15.31 1.69 | 20.00| 18.31 ‘§.»$E’ 9 S0 2
= o~ ;
26 110,50 16.711 1.17 | 20.00f 18,83 - £S5 E ©
[0} < R
27 114.75| 18.29 .63 | 20.00| 19.37 > o X
A.P. | 116.65| 18.94 .39 | 20.00] 19.61
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NACA TN No. 1305

TABLE III

OFFSETS FOR LANGLEY TANK MODEL 21l (% = 12)

[A11 aimensions are in inches)

Radius |Height |Iine of| Angle| Forebody bottom, heights above base line
( Distance E;ei. ggt’v‘: gﬁg and of g}x:ll cegte?’s of ° = -
Station to b a:e Haas 21: hal;\m e‘:er %bove ;)ﬁx;: Buttocks
FoPe maxi: cen e
ltne |lime |chine|™poen™| “Yine |1ine (Qeg)| 0ul1| 0483| 1.2 1. 65| 2.06| 2. 18] 2.89| 3.30| 3.72
F.P. 0 10,15/10.15( 0 0 1l
1/2 2.34 | 5.49| 7.81|1.90 | 1.90 1L.29 | 12.39 10 | 6.31|7.14}7.68]7.83
1 L.68 | 3.76] 6.20|2.53 | 2.53 15,72 | 13.19 10 | 4439[5.03|5.67|6.07( 6.2l }6.20]
2 9435 | 1.83| L.11|3.19 | 3.19 17.36 | 1Lh.17 10 | 2.30{2.76} 3.23| 3.63| 3.94|L4.12{4.15
3 1,03 .80 2.8113.57 | 3.57 18.41 | 14.84 10 | 1.14)1.49)1.84)2.20] 2.49]|2.70f 2.82| 2.85
L 18,71 27| 2.00[3.81 | 3.81 19,12 | 15.31 10| 53| .81]1.08]1.35{1.61]|1.81]1.97|2.05]2.01
5 23.38 04| 1.50[3.96 | 3,96 19.60 | 15.64 10| 25| L6] 67| +86]1.08}1.26f1.41]1.51]1.53
6 28,06 | © 1.25({L.0l | LeoOl 19.88 | 15.84 51 «16] 33| 49| .64 .81] .97j1.10{1.21{1.26
7 32,74 | o 1.16{L.06 | L.06 19.99 | 15.93 0] 15| .30 45| .60 .76] .90J1.02|1.10{1.16
8 37.41 | 0 1.16| 4,065 L4.065 | 20.00 | 15.93 o| 5| .30] .Ls5{ .60] .76] .90]1.02|1.10]1.16
9 L2.09 | © 1.16]1.065 L.065 | 20.00 | 15.93 o| 5] .30f .45| .60 .76] .90}1.02|1.10f1.16
10 Lé.77| © 1.16|4,065] L.065 ] 20,00 | 15.93 of .s| .30} 45| .60 .76 .90]1.02{1.10{1.16
11 514l | © 1.16]1.065| L.065 | 20.00 | 15.93 o| .5/ .30f 45| .60 .76} .90[1.02|1.10{1.16
12F 56,17 | O 1.16| 4,065 L.065 | 20.00 | 15.93 o| 5| .30 L5| .60f 76| .90/1.02]1.10]1.16
124 56417 | 1.26] 2.64fL.065| L.065| 20.00 | 15.93 <
« -8
13 60.80| 1.60 3.06]L.00 | L.05 20.00 | 15.95 o= g
. *~ S O
W | 657 | 2404 3.4 3.84 | k.ol | 20.00 | 15.99 /Q\\“i © =S
R v
15 70415 | 2.48] 379 3.59 | 3.93 20,00 | 16.07 ®
/
16 he83 | 2.92f L.12{3.30| 3.80 20,00 | 16.20 | S
: |
L.h2| 2.88 | 3.62 | 2 6 8§ i 3
1 250 . 42 2. <62 0,00 | 16.30
T 7945 337 3 3 % [ | : §-d E
18 | 8y.18] 3.81 L.6712.37) 3.1 | 20.00 | 16,59 | R j K‘L—/l/ E N
(8]
2 g
19 88,86 | L.25| L.87 1.70| 3.17 20,00 | 16.83 § = i
£ e
20 93.55 | h.69 5.014 .88| 2.87 | 20.00 | 17.13 g W =0 SS
Spet i 3 o<
s.P. | 97.59] 5.08 5.08 0 €3 WSl [ S
- < K S >
== By =8B
21 | 98.21] 5.7 2.53 | 20.00| 17.h7| & § T
__omgsEniiy & R
22 102.89| 9.99 2.16 20,00 | 17.84 | 5 iy &
25 | 107.56| 13.05 1.75 | 20.00 | 18.25 E LU
v
o
2l 112,2l | 15.45) 1,31 20,00 | 18.69 ﬁ R % N
D el 3§
25 | 116.92]| 17.23 .84 | 20.00| 19.16 > 92 b ~§
I I o S
N & = e
26 121.59 | 18.8% o3k 20,00 | 19.66 & {o 6 2
e <
A.P.| 121.78] 18.9 32 20,00 | 19.68
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TABLE IV
OFFSETS TOR LANGLEY TANK MODEL 22k % - 15)

[AJ.'L dimensions, are in 1nches]

)

cool | Chine|mers |RedLus Beleh Line of] e Forebody bottom, heights ebove base line
Distance | o and centers
Station to ::::’;e :2::6 b::m half h‘;i'l ebove c::ne Buttocks
i line | line |chine mg.::::xm. center ?.iaf); flare| 0.-36 0-T1 3.07 1.42 3278 2.13 2.49 2.85 3.20
line (dgg)
®.P 0 10.30}10.307 0 0 11.00 |11.00
—é 2.52 5.49) 7.49| 1.6k4 1.64 |14.29 |12.65 10 6.19 6.91 7.38 750
1 5.0k 76| 5.86| 2.182.18 [15.72 13.54 10 4.30 L.86 5.42 5.75 5.90 5.87
2 10.08 2.83 3.79i] 2751275 17.36 |14.61 10 2.24 2.63 3.0k 3.38 3.64 3.80 3.83
3 15.12 8| 2.54| 3.073-071 [8.41 15.34 10 1.09 1.4%0 170 2.00 2.26 2.4 2.54 2.57
b 20,15 27| 1.76| 3.28|3.28 [19.12 15.84 10 .50 3 .97 1.20 1.42 1.60 1omht 1.80 1.77
5 25.19 o4l 1.30| 3.41 | 3.1 19.60 1§ 19 10 22 40 58 .75 .9k 1.09 1.22 1+31 1.3%
6 30.23 0 1.07]| 3.48}3.48 [19.88 |16 40 5 .1h .28 L2 .56 .70 .84 gg 1.04 1.0
T 35.27 0 1.00} 3.50 }3.50 [19.99 1§ 49 0 13 .26 .39 .52 .65 .78 '88 .95 1.00
8 40.31 Q 1.00| 3.50% 3.505 [20.00 |16 L9 0 23 .26 .39 Pt .65 .72 g .95 1.00
9 45.34 0 1.00| 3.505( 3.505 }20.00 16.49 0 13 .26 .39 .52 .65 1 i .95 1.00
10 50.38 0 1.00} 3.50%| 3.505 }20.00 16.49 Q 13 .26 .39 .52 .65 .78 : .95 1 00
1l | 55 .42 0 1.00| 3.505(3.505 |20.00 16.49 0 213 .26 .39 52 .65 .18 .88 .95 1.00
12F 60.51 0 1.00| 3.505|3.505 [20.00 16 t9 0 a3 .26 .39 .52 .65 .18 .88 .95 1.00
124 60.51 1.16| 2.43] 3.505|3.505 [20.00 16.49 3 .
13 65.50 | 1.63| 2.89| 3.5 [3.48 [20.00 |15.52 = ?d’US:f’G/f maximum begm-—
1k 70.5% | 2.11f 3.31] 3.31 |3.kk [20.00 16.56 ight of hull
15 75.58 2.58] 3.71] 3.10 |{3.35 [20.00 16.65 at !
16 80.61 3.06| 4.10] 2.85 [3.23 20.00 16.77 \
17 85.65 3.54 L.bui 2.48 §3.07 (20.00 16.93 =
18 90.69 L.0o1 L4.75| 2.04 |2.84 [20.00 17.16 Strarght ‘;,
19 95.73 b.49| 5.02| 1.46 |2.58 [20.00 AT 42 line S ‘
20 100.77 4.97| 5.24| .75 }2.29 [20.00 T Angle of |u°7 Si;r‘mgh
SP 105.13 5.38 5.38| 0 2.00 [20.00 |18.00 chine flare ine
21 105.80 5.19| 1.96 |20.00 iggl; 2 ; s
22 11084 |} 127 1.59 }20.00 2 = [ C
23 115.88 | 14.63 1.19 |e0.00 |18.81 jC’"ﬂefﬂx"m‘ l"*‘ ‘&z::flce”"’s <l¢_ <|L
2l 120.92 | 17.09 .75 |20.00 [19.25 | :
25 125.9 18.84 .29 ]20.00 |19.T1 Keelabovel ¢ \%ﬁ”’ ' .
AP. |126.12 [ 18.90 .28 [20.00 [19.72 Forebody Afterbody Tl extension
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MINIMUM DRAG COEFFICIENTS AND STABILITY PARAMETERS FOR LANGLEY TANK MODELS 213, 203, 214, AND 224

TABLE V

' CY* Cn, 3C, /3B Cnpt/3V
Model | = |Cpp; c K

b mln Mg £ a = 20 a = 60 = 20 a = 60 Q = 20 a = 60 = 20 a = 60
213 6 /0.0075 | 0.0062 | 0.83 | 0.0048 | 0.0048 | 0,0009 | 0.0008 | -0.099 | -0.081|0.021 | 0,017
203 9 | .0066 | .0050 | 1.10 .0051 | .0050 | .0012| ,0010 | —.100 | —.088| ,027 .023
214 |12 | .0059 | .0043 |1.35 .0051 | .0051 | .0013| ,0012 | —,100 | —.115| .034 .040
224 |15 | .0053 | .0038 |1.56 .0051 | .0051 | .0014| ,0013 | —.101 | —.126| .okl .052
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Fig. 1 NACA TN No. 1305
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Figure 1.— Lines of Langley tank models 203, 213, 214, and 224,




NACA TN No. 1305 Fig. 2
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Figure 2,— Comparison of %—scale models of the XPBB-1 flying boat
L
and hypothetical flying boat incorporating hull 203 <3 = 9) g,




Fig. 3 NACA TN No. 1305

X< 2 > =
o |

Relative wind

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

N —=

Figure 3,— System of stability axes, Positive values of forces,
moments, and angles are indicated by arrows.




NACA TN No. 1305 Fig. 4a
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(a) Wing alone.
Figure 4.- Two-dimensional mounting of flying=-boat hulls in the
Langley 300 MPH 7- by 10-foot tunnel.







NACA TN No. 1305 Fig. 4b

(b) Hull 203(% = 9> with wing.
4 o

Figure 4.- Concluded.
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(a) Wing alone,
Tigure .- Three~-dimensional mounting of flying-boat hulls in the
Langley 300 MPH 7- by 10-foot tunnel.
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Fig. bb
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NACA TN No. 1305 Fig. 6

Forebody

T Flane surfoce rared to
fo/-eboaj/ botforr

~ Afterbody
T A

e

Straght line at chine /\

|

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 6,— General details of step fairings, Bottom view of hull,
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Figure 7.- Variation of Mach numbsar with Reynolds number of the
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NACA TN No. 1305 Fig. 8a

B ol
=
8 r
g§ P8 s07.4
G - L s
<{ O = LA
1 :
U - 0s
Hull L/b
A213 6
0203 9
S ©2id_j2
~ L/b
£ .02 6
3 49
3{3 . 12 il
8 O/ AA_A
N
g 0
%y
*\;‘ N, N VISORY
S 2 com:;:!rgz Ar:nA::nguﬁncs o
;‘&:\)
3 9
S Y
e
2 e - > 1 y.) 72

Angle of altack, «, deg
(a) R = 1,250,000; transition fixed.

Figure 8.- Effect of length-beam ratio on the aerodynamic
characteristics in pitch of the %-scale hulls of a hypothetical

kﬂying boat. Two-dimensional mounting.




Fig. 8b '~ NACA TN No. 1305
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Figure 8.- Continued.
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Figure 8.- Continued.
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Fig. 8d
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Fig. 9 ’ NACA TN No. 1305
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Figure 9.- Effect of length-beam ratio on the aerodynamic

characteristics in pitch of the %-scale hulls of a hypothetical

flying boat, transition fixed. Three-dimensional mounting.




NACA TN No. 1305 Fig. 10a
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Figure 10.- Effect of length-beam ratio on the aerodynamic

characteristics in yaw of the %-scale hulls of a hypothetical

flying boat. Three-dimensional mounting.
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Figure 10.- Continued.
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Figure 13.- Effect of Reynolds number on CD for the Ilo—-scale hulls of a
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hypothetical flying boat.
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‘ Figure 14.- Effect of step fairing on the aerodynainic characteristics

in pitch of the —L-scale hulls of a hypothetical flying boat.
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R = 2,450,000; transition fixed; three-dimensional mounting.
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Figure 15.-

Tuft studies of forebody bottom of hull 203 (%J = u> .
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Figure 16.-

Tuft studies of step part of hull 203
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