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NATIONAL ADVISORY COMMITTEE,FOR AERONAUTICS

TECENICAT, NOTE NO. 1306

AﬁRODYNAMIC CHARACTZRISTICS CF THREE
PLANING~TAIL FLYING-BOAT HULLS

By Cempbell C. Yates and John M Riebe
SUMMARY

An investigation was made to determine the"aerodynamic character— -
istics of three planing—tail flying-boet hulls which differed only-
in the amount of step falring. The hulls were derived by altering
the step and afterbody of a conventlonal fly1ng~boat hull having
a transverse step.

The 1nvest1gatlon 1ndluated that the- planlng—tall hull with a
large pointed step had about the same minimum drag coefficient, 0,0005,
as the previously tested conventional hull of the same over—all
length~beam ratio. The hulls with step fairing, which are thought
to be hydrodynamically acceptable, had up to 18 percent less minimum
drag coefficient than the conventional hull or planing-tail hull
with a large pointed step. The angle of attack for minimum drag
was generally in the angle—of-attack range from 3° to 5°. Longitudinal
instebility and lateral instability were similar for all planing-
tail hulls tested and were about the same as for the conventional
hull. -

INTRODUCTION-

In view of the requirements for increased range and increased
speed in future flying-boat designs, an investigation of the acrodynamic
characteristics of flying-boat hulls as affected by hull dimensions
end hull shape is being conducted at the Langley Memorial Aeronautical
Laboratory. The results of one phase of this investigation, the
effect of length-beam ratio, are presented in refsrence 1.

References 2 and 3 present numerous hydrodynamic edvantages .
and disadventages of the planing-tail hull. Sufficient information,
however, was not available tc permit an analysis of the aerodynamic
qualities of thie type of hull. In order to provide such information,
the present investigation was made to determine the aerodynamic
characteristics of three planing~tail hulls which differed only in
the amount of step fairing.
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All aerodynamic characteristics determined include the effects
of interference of the support wing. Throughout the present paper,
the term "aerodynamic characteristics" will be used to indicate
aerodynamic characteristics which include wing interference.

R IR

' COEFFICIENTS AND SYMBOLS

The results of the present tests are presented as standard
NACA coefficients of forces. and moments. Rolling-moment, yawing-
moment, and pitching-moment coefficients are given about the location
(wing 30-percent—chord point) shown in figure 1.

Except where. noted, the wing area, mean aserodynamic chord, and
span of a hypothetical flying boat derived from the Boeing XFBB-1
flying boat are used in determining the coefficients and Reynolds
number. The data are referred to the stability exes, which are a
system of axes having their origin at the center of moments shown
in figure 1 and in which the Z-axis is in the plane of symmetry
and perpendlcular to the relative wind, the X-axis is in the plane
of syumetry and perpendicular to the Z-axis, and the Y-axis is
perpendicular: to the plane of symmetry. The positlve directions of
the stability axes are shown in figure 2. o A

The coefficients and symbols are defined as follows:

oL lifg coefficient (Lift
drag coefflcient (]_)_rgg)
aS
laferalnforce'coefficient ﬂlﬁ)',
) S o qS/
Cl'~ o lrolling»moment coefficient (
qsb
. Ca pitching-moment coefflcient (
4 gSé
Cp yawing-moment coefficient («——)
: . L . » gSb.

Lift = 2

n

'+X when V¥ =20
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X force along X-axis, pounds
Y force along Y-axis, pounds
Z force along Z-exis, pounds
L rolling moment, foot—pounds
M pitching moment, foot-pounds
N yawing moment, foot—pcunds
/2
q " free-—stream dynamic pressure, pounds per square foot &825)
S wing area of I%-scale-model hypothetical flying boat

(18.264 sq 1)

c wing mean eerodynamic chord (M.A.C.) of f%~—scal§ model
hypothetical flying boat (1.377 ft)
b wing span of f%-oscalevmodel hypothetical flying boat
(13.971 £t) ' '
Vv air velocity, fset per second
o] mass density of air, slugs per cudbic foot
o anéle of attack of huli base line, degrecs
V¥ angle of yaw, degrees
R Reynolds number, based on MtA.C. of i%w-scale model
hypothetical flying boat
3¢y,
o ® 3o
3¢y,
oy T Sy
Oy = éEX
Voo

When a subscript for the partial derivatives is used herein, the
subscript indicdtes the quantity held constant,
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MODEL AND APPARATUS

The hulls (models 221A, 221B, and 221C) were designed by the
Langley Hydrodynamics Division bty altering the step and afterbody
of hull 203 of reference 1 from considerations of the results given
in references 2 and 3. Dimensions of the hulls are given in
figure 1 and in tables I to III; sketches of the step fairings are
given as figure 3. '

Only one hull was constructed for testing. Transformation from
one configuration to another was facilitated through the use of
interchangeaeble blocks as shown in figure 3. The hull and inter—
changeable blocks were of laminsted-mshogany construction and were
finished with pigmented varnish.

The volumes, surface areas, and maximum cross-sectionzl areas
for the three hulls are compared in the following table:

Maximum crosa—
Aull Voluge Surface area sectional area Side area
(cu in.) (sq in.) (eq in.)
(sq in.)
2214 | 12,643 | © 4638 182 1765
221B | 12,464 L6226 182 17h2
221C | 12,499 4621 182 1 1749

The hull was attached to a wing which was mounted horizontally
as shown in figures 4 and 5 The wing (whick was the same as that
of reference 1) was set at an incidence of U4© on all models, had a
20—inch chord, and was of the NACA 4321 airfoil section.

TESTS

Test Conditions

The tests were made in the Langley 300 MFH T— by 10-foot tunnel
at dynamic pressures of approximately 25 and 100 pounds per square
foot corresponding to airspeeds of 100 and 201 miles per hour,
respectively. Reynolds numbers for these airspeeds, based on the
mean aerodynamic chord of the hypothetical flying boat, were approxi-~
mately 1.30 X 106 and 2.50 x 10, respectively. Corresponding
Mach numbers were 0.13 and 0.26.
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Correctionsg

Blocking corrections have been applied to the wing—alone data
and to the wing—and-hull data. The hull drag has been corrected far
horizontal-buoyancy effects caused by a tunnel static—pressure
gradient. Angles of attack have been corrected for structural
deflections caused by aerodynaemic forces.

Test Procedure

The aerodynamic characteristics of the hulls with. interference
of the support wing were determined by testing the wing alene and
the wing-end-hull combinations under eimilar conditions. The. hull
aerodynamic coefficients were thus determined by subtraction of
wing-alone coefficients from wing-end-hull coefficients.

" Tests were made at two Reynolds numberé, The data at the higher
'Reynolds number-was limited to the angle—of-attack range shown
because .of structural limitations of the support wing.

In order 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
epproximately 0.008—inch diameter. The particles were applied for
a length of 8 percent airfoil chiord measuréd along the airfoil
contour from thé 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 1/2 inch wide and located at approxi~
mately 5 percent of the hull length aft of the bow. All tests were
made with the mounting setup shown in figures -4 and 5.

RESULTS AND DISCUSSION

' The aerodynamic characteristics of the plé@iﬁg—taii'hﬁils;ih
pitch are présented in figure 6; aerodynamic.characteristics in yaw
are given.in-figure 7. ’ : R

Substantial reductions in minimum drag were attained by fairing
the step of the planing-—tail hull. (See fig. 6.) Tongitudinal
instability, lateral instability, and the angle—of-attack range
for minimum drag (3° to 5°) were generally the same for all hulls
tested. (See figs. 6 and 7.) - :
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In order to compare the aerodynamic characteristics of the
planing-tail hulls with the aerodynamic characteristics of &
conventional hull, the minimum drag and stebility perameters of
the three liulls are given with those of hull 203 of reference 1

“in table IV. The drag data presented are for a Reynolds num'ber

of approxmately 2,500,000,

Hull 203 was used in the comparison because it has the sSame
over-all length, meximum cross-sectional area, shape of forebody s
over-all length-beam ratio, and about the same volume and swrface
area as the planing-tail hulls of the present investigation.

A comparison of the drag data for the ;pla.nins-ta.il hull 2218
with that for hull 203 (reference 1) shows the drag characteristics
throughout the pitch range to be very similar; the minimum drag
coefficient was about O. 0065 for each hull. Substantia.l decreases

" in drag coefficient resulted for the hulls with step fairings s

although neither fairing eliminated the step discontinuity entirely;
the depth of step used was congidered the probable minimum which .
could be allowed without excessive hydrodynamic penalties, The
following percentage reductions in drag were obtained based on the
drag of hull 221B or the conventional hull: hull 221C (concave
fairing), 12 percent; 5 hull 221A (fairing approaching straight-line
elements), 18 percent.

Reference 1 J.nd.ica.tes tha.t ebout a l5-perr~ent reduction in
drag should result if a stsp fairing is added to hull 203. From a
consideration of this reduction in drag and the similar drag of
hulls 221B and 203, it follows that an extension of the sternpost
to the end of the hull probaebly has a.small effect on dreg. The

~ chief aerodynamic advaentage of the planlng-tail hull, therefore,

appears to be dependent upon the amount of nonretrac’oable step
fairing which cen be used hydrodynamically as compared with the
amount that can be used on a conventional hull.

Longitudinal inétébiiity; ﬁiéésufed'ﬁy Cng, was the same for

the planing-tall hulls as for the conventional hull, and lateral
instability was ebout the same, At an angle of attack of. 2 Cn‘l, for

-the planing-tail hulls was 0.0002 less than for the conventiona.l hull.

At an angle of attack of 6° the opposite effect was produced ; an
for the pla.ning-tail hu.lls vas O 0002 larger..

- In order to compare the results of these tosts with results of
investigations made of other hulls and fuselages the parameters Kr,
Cnp' /oY, and - Cp/dB, as derived from references 4, 5, and 6,
respectively, are included in table IV. The parameter Kr 1s a
fuselage moment factor, in the form of OCp/dw, based on hull beam
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and length, where a  is in radians. The yawing-moment coefficient
Cne' in Bcnf'/BW' is based on volume and is given about a

reference axis 0.3 hull length from the nose. The parameter OCp/OB
is based on hull side area and length, where the yawing moment is
also given about a reference axis 0.3 hull length from the nose

-and B 1is given in radiens. Instability as given by the parameters
OCnpf/oV¥ and OCL/OB generally agreed closely with the hull

values given in references 5 and 6.
CONCLUSIONS

The results of tests to determine aerodynamic characteristics
of three planing—tail flying-boat hulls, derived by altering the
step and afterbody of a conventional hull, indicate the following
conclusions:

1. The planing-tail hull with a large pointed step had about
the same minimum drag coefficient, 0.0065, as that of a conventional
hull;the hull with a concave step fairing and that with a fairing
which approaches straight line elewents had 12 and 18 percent less
minimum drag, respectively. '

2. The angle-of-attack range for minimum drag was generally between
3° and 5° for all planing-tail hulls tésted.

3. Longitudinal instability and lateral instability were the
same for all planing—tail hulls and were about the same as that of
the conventionel hull.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeroneutics
Langley Field, Va., March 11, 1947
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TABIE I

OFPSETS POR LANGLEY TANK MODEL 221A

L\n dxmlions are in mchu]

FP fo slation8

Station 8 to step

Step fo stalion 19

Stalion 19 to AP

Keel | Chine| ma1r [Radius |Bo28%)Line of pngle Bu'.cockzonm of Bl hoighte vad er-bre.d::a: T
p i o et e I P R e oo €% )
P.P. maximum| 8t base [flare| 1 1 1 1
ine | 1ine | chinCt Sean (omtar| Line [aeg){ 2 [ 1 | 1z (2 | ZH [ 3 [ % [ v [ [ Q2 )3 Q)5 |67
F.P.| 0 |120.30{10.30( 0 o Lu.oJ 11,00
1/21  2.13| 5.h9] 8.30] 230| 2.30 {14.2911.98 | 10 [6.48 |7.59 | 8.14 B.32 .
1| b.25) 3.76f 6.7 3.06| 3.06 115.7412.66 | 10 {4.52 |5.30 | 6.09 F.56 | 6.77 | 6.72
2 8.501 1.83| L.59] 3.86| 3.86 117.3413.50 |10 [2.40{2.96 | 3.53 k.o | 438 |h.60 | .64
3 12.751 80| 3.2h| h.32| k.32 |18.4314.08 10 . {1.21 |1.64 | 2.06 P49 | 2.B5 {3.20 | 3.25 [3.28
. L} 17.00) .27] 2.36| L.61| L.6) |19 2452 | 10 59| .92 | 1.25p.S8 1.a§ 2.1 | 2.33 |2.4h2 | 2.38
5 21,25 .o4| 1.81f Lo79| L.79 f19.6014.81 | 10 29| .55 Hof.a; | 1,30 {152 | 1.70 1.82 1.85
6 | 25.50| 0 1.51] 489} k.89 19.88’11;.99 5 191 4o 59| .78 «98 1.18 | 1.33 {1.46 | 1.52
7| 290751 0 J-1.40] be92| k.92 |19.99]15.07 o } a8} .36 55«73} .92 1.09 | 2.23 [1.33 | 1.0
8 34,00 0 10| ke92q 4.925 zo.éo 15.08°| o W18 | W36 55| 92 11.05 | 1.23 [1.33 | 1.40 [2.72 [L.925)L.925] k925 L.925]|k .92 4.9
9 58.25 0 1.39) 450} L.925 |20.00815.08 36 T3 1,09 1.33 2,72 {4.72 |4.925] 4.929 b.925}4 .92 k.92
10 | L2.50]| 0 1.2 314 | L4925 |20.00{15.08 36 T3 1,09 1.91 2,72 {420 {4.90 {4,925 4.925]|4 92 ko525
11 | 46.75} © 26| W73 4.925 §20.00{15.08 59 1.32 2.05 2.79 1.57 |2.93 {4.28 |L.925 4.925|k.92q Le9eS
111‘;9.‘1;1.90 ] o [ 4.925 |20.00]25.08 |. «90 159 2,29 3.00 1.16 }2.57 | 4400 | k.90 | be925]k .92 L.925
u)l;A. L7.90] .10 L4925 }20.00}15.08 90 1.59 2.29 3.00 116 }2.57 {4.00 | 14,90 | h925the92 ko525
12 | 51.00] .98 44925 | 20.00{ 15,08 1.69 2.32 2.9 3.58 201 1148 §3.20 {457 | be925}4e929 Lha92Y
13 | 55.25[ 2.1 91 ]20,00015.09 2,70 3.2 3.79 433 1455 | 3439 | 487 Jho92 | bas2
B | 59.50] 3.14 4.86 ]20.00[151k 3.63 Lar 459 5408 1o74 ] 3.85 {486 § 4,86
15 63.75| L.ob 475 |20.00115.25 L.48 k.90 543k 5478 2,21 (Lot | Le7s
16 | 68.00| 4.86 461 {20,00{15.39 5425 566 6.07 66 32 12,81 ] h.61
17 | 72.25] 5.62 L.43 |20.00015.57 6.01 6.39 6.77 7.3 98] 3,62
18 | 76.50] 6.32 4.17 120.00§15.83 6.69 7.06 7.42 7.79 1,82
19 | 80.75| 6.98] 8.38 3.87 |20.00026.13
20 | 85.00} 7.59| 8.86 3,50 |20.00]16.50
21 | 89.25| 8.20f 9.32 3,08 |20.00]16.92
22 | 93.50 8.80] 9.76 2.61 |20,00}37.39
23 | 97.75| 9.b1110.20 2,15 |20.00{17.85
2, |102.00{10,05|20.64 1.69 |20.00£18,31
25 |106.25[10.64]11.08 1.22 |20.00{18.78 _‘
26 1110.50}11.25}11,52 .76 [20.00{19.2
27 1 1h.75]11.85|11.96 31 [20.00]19.69
A.P. | 126.65|12.12|12,16 .10 |20,00]19.90
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
Radivs and half
mayximvm beam
1 «
» :
< N 3
3 N N
$ RS 3 S
g: §§x : 8" water line ~ . 20
S S Butteck | 3 g
I Y| rzsy
~ PN V/ - \;
e z”. sl \§*§
£ + F V£
T T t
Half beam Constant Half beam
at chine RN cove-o010 ¢ at chine ¢ ¢
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TARLE I1
OFPSETS POR LANGLEY TANK MODEL 2218
[A11 dimensions are in inches)
sta- Kool [cove | Chine| mar |Rodlus BEEAt fine of Wngle Botton of hull - heights and balf breddths
A e Ea i I FY e ~ET e
line |1ine | 1ine |chine DAKimmn| &t | bese [flare d -
been foxb | l1ine |(deg) | 1 1 1 Py
z 1 1z 2 2z 3 3z » 7|2 2 3 » H 6 7
P.P. ] 10,30 10.30(0 4] 11,00{ 11.00
/2| 2.13] 549 8.30l2.30 | 2.30 |14.29| 12,98} 20 |68 |7.89 | 8.k B.32
1 4.25( 3.76 6.71]3.06 | 3.06 115.72] 12,66 10 [L.52[5:30 |-6.09 6.5 | 6.77 |6.72
2 8.50] 1.83 bosol5.86 | 3.86 [17.36] 1350 | 20 |20 |2.96 | 353 Buon | 438 jhbo | LBl
3 | 12.75] .80 s.2hfh.s2 | bos2  [18.0a] 14,08 [ 10 Ji.20 [1.& | 2.06 R.bg | 2.85 [3.10 | 3.25 | 5.28
‘ L | 17.00f .27 a.6lb.6n | no6r |19az] wes2| 10 | 59| w92 | 1258 | 189 [2.u | 233 2uk2 | 2038
‘ 5 | 21.25( .0 1.81]4.79 | .79 [19.60] W81 | 10 | 299 .55 ..80h.o | 2130 [1.52 | 1070 [1.82 | 1.85
6 | 25.50| 0 1.51{4.89 | k.89 [19.88] .99 | 5 | -19] ko 59 .78 | .98 §1.18 | 1,33 [1.L6 1 1.52
7| 29.15| 0 1hofu.92 | b9z {19499 15.07 a8l 36 | stz | 92109 | 1231033 | 10
; 8 1 s.00f 0 [2.06] 2.06Jk.925| k925 [20.00] 15.08| o [ .38 .36 w5l .13 | .92 |1.09 | 1.23 | 133 | 1.h0f2.72 |L.925) ko925 k925 ) ka925 {h 925 [ba925
| 9 | 8.25] 0 [2.51| 2.67fb.50 | h.92s [20.00| 15.08 .36 3 1.09 1.33 2,72 15,72 |4.925]|5.9254.4925 [b.925 |L.925
| 10 | h2.50] 0 |2.63] 3.28|3.14 § L.925 |20.00[ 15.08 36 T3 1,09 1.91 2272 |4a20 {5490 |L.9251% 525 |4.925 {4 .925
| n | ue.ms| o {2.36{ 3.89f .73 | L.925 |20.00) 15.08 59, 1.32 2,05 2.79 .57 {2.93 |L.28 |L.925]L.925 |4.925 4,925,
] n%r 47.90f 0 [2.27| L.oslo 4.925 |20.00{ 15.08 «90 1.59 2.29 3,00 1,16 12,57 14,00 [L.90 [l.925 .925 1.925
nda| w7090 2.27 4.06 4.925 | 20.00] 15,08 .90 1,59 2,29 3,00 JLa16 }2.57 |L.o0 {490 {4 925 |L
92% 925
12 $1,00| 2.71 LS50 L9525 | 20.,00f 15.08 1.69 2.32 2.9, 3.58 201 [1.48 }3.10 (LS5T |L.925 18,925 4. 925
13 | 55.25] 3.32 §e1 491 | 20,00| 15.09 2.70 324 3.79 L33 : 1,53 3439 (4487 fa.92 jL.92
U | 59.50] 3.93 5.70 4.86 | 20.00f 15,14 3.63 o1 4.59 5408 1.7h 3485 [4.86 |L.86
15 | 63.75] Lush 6.27 L5 | 20500 15.25 L8 .90 9434 5.78 2,22 fsli2 [4eTS
16 | 68.00| 5.15 6.83 Le61 | 20.00] 15.39 5425 5.66 6.07 b6 o32 [2.81 [L.62
17 | 72.25) 5.76 7.37 LA43 | 20.00] 15.57 6401 6.39 6.77 7.4 98 {3.61
18 | 76.50| 6437 7489 417 |-20,00] 15,83 6.69 7.06 742 779 1,82
19 | 80.75( 6.98 8,38 3.87 | 20,00f 16.13
20 | 85.00| 7.59 8.86 3.50 | 20,00| 16.50
21 89.25| '8.20 9.32 3,08 20,00] 16,92
22 | 93.50] 8.81 9.76 2,61 | 20,00| 17.39
23 [ 91.75) 9.42 10.20 2,15 | 20,00| 17.85]
‘ 2, | 102.00{10.03 10,64 1.69 | 20.00] 18,31
25 | 106.25}10.64 11.08 1.22 | 20,00} 18.78
26 | 110.50]12.25) 11,52 .96 | 20400 19.24
27 | 114.75{12.85 11.96 W31 | 20.00f 19.69
‘ a.p.| 116.65]12.12 12,16] .0 | 20.00{ 19.90
‘ b
|
? NATIONAL ADVISORY
- COMMITTEE FOR AERONAUTICS
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3 a
| ,
| 1 1 . !
<
3 3
=
3 g w % M
| < - © K )
‘ AN § 3 B 3 20
| 43 . S % \)\. 2
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1 § 23 N o N
| x 2R < N
‘ ~ Q < ~3
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; P > X 20 . 8
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al chine
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TABLE II1
OFPSETS POR LANGLEY TANK MODEL 221C

{A11 4tnensiona are in inchaes)

Bottom of hull — heights and half breadtha
i::; m‘:n 5:335 2:3: :::; R::éu. n:?x: Llf.le ?ﬂ A‘:%“ Buttocks Water line
7.7. |onse |base | at helr | hull| above | chine (in, (1n.)
1ine | 1ine [ching Paximm ,%:.:, base | {iars S R 2| F| 3| ) sl g 3) ¥] 5] efr
- o

p.p. | 0o [10.30f10.300 ° 11,00 | 13.00 .
1/2 | 23| 5.49] 8.30f2.30 | 2.30 {14.29]|11.98 | 10 [6.48 | 749 | 8.4 B.32
1| bz 3.78] 6.ma|3.06 | 3.06 |15.72]| 12466 | 10 Juusz|s.30 | 6.09 .56 | 6.77] 672
2 8.50| 1.831 4.59(3.86 | 3.86 |17.36]{13.50( 10 [2.40[2.96 | 3,53 .ot | 438 |L.60 | L.&4
3 12.75| .80] 3.24ih.32 | L.32 1843|1081 10 [1.21 f1.84 | 2.06 R4y | 2.85 |3.10 | 3.25 [3.28
b} 17.00] .27] 2.36[k.61°] L.6)  |19.12] 1452 | 20 59| «92 | 1.250.58 | 1.89 2.4 | 2,35 |2.42 | 2.38
5 21.25| .o 1.82fh.79 | k.79 19.60| 14.81 | 10 29| .55 Lop.ay | 1.30|1.52 | .70 |1.82 | 1.8%
6 | 25.50| 0 151489 | 485 |19.88| g9 | 5 a9 40 59| «78 «98]1.28 | 1.33 |1.46 | 1.52
7 | 29.715] © 140/h.92 | b9z  }19.99]|25.07| O | .28 .36 55073 | 9231009 | 1.23]2.33 | 1,40
8 | 3k.o0f o 1.40|4.925 L4.925 [20.00]15.08 | o | .18 .36 55«73 | «92]1.09 | 2.23 [1.33 | 10 [2.72 (h.9254.925) 4a925 b.925f k925 Ih 925
9 | 38.25f 0 1.39{450 | L4.925 {20,007 15.08 36 c | .73 1.09 1.33 272 [4.67 L 1925| ko925 4.925] 925 Jh.925
10 | ha.50f 0 1.22{3.14 | 4.925 }20.00] 15.08 .36 <13 1.09 245 2.72 {3.59 {458 | ha925 ko525 4925 14.925)
11 L46.751 © #26] 73| L.925 |20.00] 15.08 91 2.06 2.1 3.33 1.05 [1.92 | 3.40 | 4,92 | ko925 h.925{k.925)
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Fig. 2 | NACA TN No. 1306
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NACA TN No. 1306 Fig. 3

Hull 221A

Hull 221C

Figure 3.- Step fairings of planing-tail hulls 221A,22IB,and 22IC .
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