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RESEARCH MEMORANDUM

HYDRODYNAMIC CHARACTERISTICS OF AN
AERODYNAMICATLY REFINED PLANTNG~TAII. HULL

By Robert McEKenn and Henry B. Suyiam
SUMMARY

The hydrodynamic characteristics of an aerodynamically refined planing-
tail hull were determined from model tests made in Tangley tenk no. 2. Over
a wide range of center-of-grevity locations a range of fixed elevator deflec-
tions of more than 15° was avallable for stable take-offs. Sufficient
control was avallable to operate above a rather high lower porpoising limit
end no upper porpolsing limit was encountered. Reslstance wasg falrly high,
being ebout the same order as that of float 8eaplanes. Only light spray
was encountered wilth the propellers in a conventional location. Stable
landlings were obtaingable only in the after range of the locatlons of the
center of gravity investigated. There are indlcations that modifications
of the after part of the vertical chine strips will result in considerable
improvement in landing stability.

INTRODUCTION

In order to obtain flying boats with increased range and speed over
those in present-dey use, several refinements of the planing-tail type of
hull have been 1nvestlgaeted in the Langley 300 MPH T- by 10-foot tumnel
end in Langley tank no. 2.

It was chown in reference 1 that the air drag of a planing-tail
flying-hoat hull employlng & deep step and a full step falring was con-
slderably less then that of & comparable convenbtlonal-type bhull. In
reference 2 1t was found that the hydrodynemic characteristics of this
planing-taill hull configuration were generally better than those of the
conventional hull. Several modifications of the plening~tall type of
hull embodying en airfoll sectlon forebody plen form and a slender
"boom-1ike" afterbody were tested in the. wind tunnel and the results
reported in reference 3. In that investigation it was found that aero-
dynemic refinement head resulted In substantially lower air drag than
even that obtalned with the hulls of reference 1. One of the lowest
drag configurations had an "afterbody" which was simply a tapered boom
of circular cross section made sbout as small as would be believed gtructur.-

ally adequate to carry the tail surfaces. (See fig. 1.) {}t the t
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the wind-tunnel investigatlion was being made therse was doubt that such a
smell conital boom would be an adequate substitute for an afterbody,
hydrodynamically, slthough tests of reference 4 had indicated that a
relatively small cylindricel boom might be sufficient. Consequently,
there was included in the wind-tunnel investigation & hull in which a

small tall float was falred into the end of the tall boom.

The present paper glves the resulis of a tank investigation made to
determine the hydrodynemic characterlistlcs of the hull with the simple
conical boom. Exploratory tank tests were made with the tall float in
place, but it was determined that it actually impaired take-off per-

formence and tenk tests of
hull having the lower drag.

g

" o ®m

2

it were discontinued 1n favor of the simpler

SYMBOLS

speed coefficient (V’/\[él-))

resistance coefficient (R/wb3)

losd coefficient (A/wbS) g
gross load coeffilcient (Ao/wb3)

load-resistance ratio

mesen aerodynemic chord

load on water, pounds

gross load on water, pounds

gpeed, feet per second

acceleration of gravity, feet per second per second -
maximm beam of hull (6.43 feet, full scale)
reslstance, pounds

specific welght of water (63.0 pounds per cubic foot in these
testa)

(See fig. 2.)
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DESCRIPTION OF MODET:

For most of the tank tests a dynamic model of NACA model 237-7TB was
uged.. The aerodynemic characteristics and offsets for NACA model 237-7B
were given in reference 3. Photographs of the dynamic model are shown
in figures 3 and 4. The general arrangement and hull lines are shown
in figures 5 and 6, respectively.

The aserodynsmic surfaces and the tall arm were those of the XPEB-1
to 1/16 scale. The wing loading of the XPBB~1l was 35.6 pounds per square
foot and the power losding was 14.8 pounds per brake horsepower. These
conditions were simmlated on the model. The wing tralling edge was
placed over the step. The wing incldence relatlve to the base line was 4°.
The tall boom on which the tail surfaces were mounted was sllightly shoxter
than the boom tested in the wind tunnel, but 1t was belleved this would
have no appreclable effect on the asrodynsemlc characteristics. The top
of the wind-tunmel hull was not reproduced since 1t would have llttle
effect on the tank results.

The forebody plan form was a modified 16-serles symmetrical airfoil
section wilth length-beam ratic of T.0. TFor the hydrodynamic tests 1t
was necessary to add chine strips to the configuration tested In the
wind tunnel. These strips were 0.05b deep and extended from 0.5b aft
of the forward perpendicular to the polnt of the step where they were
faired to zero depth in the last O0.7b of the foreboldy length.

The dynamic model was of the conventional balse and tissue con-
struction powered by electrically driven propellers. The gross load
corresponded to 60,000 pounds, full size. The model was controlled by
means of the elevators which hed a renge of deflection from -30° to +20°.
The flep deflection throughout the tests was 0°.

PROCEDURE

The testing procedures given in the followlng discussion are similar
to those glven In reference 2.

Take-Off Stability

The center-of-gravity limits of stability were determined by making
accelerated runs to taeke-off, with fixed elevators, holding a constant
acceleration of 1 foot per second per second. Using full power, a
aufficient number of center-of-gravity locations and elevator settings
wore tested to define the stebility limits for the normal range of values.
A stability 1imit is defined as the condlition at which the amplitude of
trim oscillation reaches a value of 2°. The variation of trim with speed
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for the various condltions was also observed during these runs. Trims
less than 2° were considered to be below the practical operating trim
range. To find the trim limits of stebility, the towing carriage was
held at constant speeds, while the model trim was slowly increased

or decreased until the porpoising limit was crossed. Trim was meagured
as the angle between the forebody keel and the horizontal.

Landing Stebllity

The landing steblllty was investigated by trimming the model in
the alr to the desired lending trim while the carriage was held at a
constant speed slightly sbove the model flying speed. The carriage
was then decelerated at a constent rate of 3 feet per second per
second, allowing the model to glide onto the water in silmmiation of
an actual landing. The descent to the water from £flight was made
from a height of 0.31b above the water. This was done to hold the
sinking speeds to reasoneble values as in reference 2. After the
first contact the rilse restriction was removed. Landinges were made
with the center of gravity located at 20, 30, and 4O percent meen
aerodynamic chord, using one-quarter static thrust.

Spray

The load at which spray first entered the propellers was deter-
mined by the method given in reference 5. The model was free to trim
gbout the 30 percent mesn-assrodynamic-chord locatlon of the center of
gravity with the elevators fixed at 0°. Constant~speed runs were
made at full power with the model counterweighted. Starting with a
light load on the water, the load was lncreased untlil spray entered the
propeliers.

Resistance

The resistance characteristics were obtalned with the wing and
tall removed. Constant-speed runs were made with the model fixed in
trim. The load on the water was assumed to vary as the square of the
speed and was applied by dead welghts. The take-off speed was
changed for each fixed trim tested to correspond with the take-off
speeds observed in the take~off stabillty tests. The renge of trims
tested at any speed was determined from the stabllity tests as being
the range of stable trims attalinable at that speed by the use of the
elevators alone. For this procedure the center of gravity was con-
gldered to be at 40 percent mean aerodynamic chord. The resistance
selected a& each speed was the lowest resistance obtalned at that
speed .. '
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RESULTS AND DISCUSSION

The exploratory tests made with & tall float (fig. 2) indicated thet
such & conflguration operated in & range of trims which was lower then
that obtalned with the boom aslone. Near the take-off speed an scti®n’
gimilar to that of skipping on landing was encountered which led to
premature taks-offs. This actlion was apparently caused by an undesirable
positive moment at high speeds. Thls moment was thought to be the result
of negative alr pregssures acting on the float bottam as it operated in the
trough of water formed in the forebody weke. This was the hydrodynamlc
feature which, coupled with the increment in alr drag due to the float,
caused interest to be centered on the hull with the boom alone.

Take~-0ff Stebility and Trims

The center-of-grevity limits of stabllity of the flylng boat are
glven in Tigure 7 as a plot of elevator deflection against center-of-
gravity location. The raenge of elevator deflectlons for stable take-
offs increased from 15° at 20 percent mesan assrodynemic chord to 30° at
L0 percent mean ssrodynamic chord. This plot shows stable take-offs
over the range of center-of-gravity locations tested for & reasonably
wide range of elevator deflections. The reglon of lower~limit por-
polsing encountered in this figure wilth the lower elevator deflections
is shown in figure 8 where the trim limits of stebility are plotted
against speed coefficient.  The pesk trim at which the lower 1limit of
stability was encountered was 11.3° at approximately 50 percent of the
take-off speed.. It was advantageous that the lower 1imlit of stabllity
did not occur until well along in the takes-off rum where the elevators
were relatively effective. The lower limit of stabllity fell away
rapidly beyond this trim peak as speed was increased. No upper-limit
porpoising was encountered with the model free to trim to 16°. This
enabled stable take-offs to be made with full elevator deflection as
shown in figure 7. The high peak trim and ebsence of upper-limit
porpoising were probably both due to the fact that the tall boom
carried a smell proportion of the total losad.

In figure 9 varlation in trim at constant elevator deflectlon 1s
plotted against speed coefficient for three locatlions of the center
of grevity. Typical photographs of the model with the center of
gravity at 30 percent mean serodynamic chord and the elevators set
at -5° are shown in figure 10. The variation of trim from rest to
50 percent of the take-off speed was relatively small, belng a meximm
of 4°. In conventional hulls this trim variation is 7° to 8°.

As shown in figure T, the lowest elevator settlng with which a
stable take-off was posslble was determined by the lower 1limit of
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stabllity for the greater part of the center-of-gravity range. However,
with the center of gravity located at 40 percent mean serodynamic chord
and the elevators set at 1°, the model trimmed down to 2°. Although
the trim track during this run was gbove the lower trim 1limit at all
speeds, the limiting trim of 2° was reached before & take-off could be °
made. It 18 seen in figure 9 that with only a slight increase in
elevator deflection to 0°, a stable take-off st 4° trim was made.

Landing Stebililty

In figure 11 the amplitudes of the maximm oscillations in trim
are plotted ageinst lending trims. In figure 12 the amplitudes of the
maximm vertical motions at the center of gravity are plotted agalnst
lJanding trims.

From these figures it may be seen that during landings mede with
the center of gravity located at 20 percent mean aerodynamic chord the
model experienced violent changes in trim and rise during all landings.,
At lending trims sbove 8°, the amplitudes of trim end rise were great.
At landing trims less than 8°, the model trimmed down violently at
impact against the trim stop which was set at 2°. Landings at this
center-of-gravity locatlon were not considered feaslible. With the
center of gravity located st 30 percent mean aerocdynamic chord,
landings at the higher trims (about 12°) appeared to be stable
enough to be practical, but at lower trims they wers violent. With
the center of gravity at 40 percent mean acrodynemic chord, a con-
slderable range of contact trims could be used without excessive in-
stebility.

Data from unpublished tests indlcate that the after part of the
vertical chine strips wae the major cause of the poor landing stablllity.

. It appears possible that a substantiel improvement might be effected by

the alteration of this pasrt of the chines.

An undesirsble feature of the design i1s that a large proportion of
the total volume of the conflguration liles forwsrd of the center of
gravity. This problem of airpleme balance may restrict the use of
this type of hull to special-purpose, high-performance aircraft.

Spray

In figure 13 the load coefficient at whilch spray entered the
propellers at various speeds 1s shown. This figure indicates that at
the gross load used for the stebility tests (60,000 pounds, full size)
the propellers were operating in spray through a speed-coefficient range
from 1.35 to 3.75. In the tests 1t was found that this spray was light
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due to a combination of the high trims and vertical chine strips. With-
out the vertical chine stripe the spray was so high 1t went over the
wing,creating & serious hazard to the electric motors used to power the
model. The unusually heavy sprey may be explalined by the load distribu-
tion between the forebody and afterbody. With conventional hulls, as
much as 50 percent of the total load 1s carried by the afterbody in the
spray range. BEvidently the tall boom carries only & small fractlon of
this load. Hence the forebody of this model would be expected to throw
heavier spray than normally indicated since 1t is proportionately more
heavily loaded then the forebody of the conventlional hull.

Vertical chine strips effectlively reduced this spray. Flgure 13
shows that with the chlne strips in place only about 1l3-percent decreass
in the normal gross logd was requlred to bring the propellers clear of
spray. Figures 10(b) and 10(c) are photographs of the model made at -
normal gross load 1n the spray reglon. The vertical chine strips broks
the spray into a confused pattern. Thls spray struck the propellers
intermittently rather than in a continuous sheet.

The 1ncrement of alr drag due to the chine strips wes Indicated in
unpublished wind-tunnel data to be small, especlally 1f the reaxr portion
was removed.

Resigtance

In figure 14 best trim resistance coefficlent and load-resistance
ratlio are plotted agalnst speed coefficient. Imn figure 15 the trims
and load coefficlents at which the reslstance coefflclents plotted in
figure 14 were obtained are plotted agasinst speed coefficient. The
curve of resistance coefficlient against speed coefficlent shows a high
hump resistance. The trim corresponding to this resistance 1s also
high (ebout 11.6°). Shortly after the resistance hump the best trim
reaches 12° and remains at this value to take-off. Typical cross-plots
of resistance coefficient against trim are shown in figure 16.

The load-resistance ratio corresponding to bump resistance was
about 3.6. This value is lower than that cbtainable with well-designed
conventional hulls, but is ebout the same as that obtalned with Navy
single~-float seaplanes. The hump trims of the model are similar to
those of the single-float seaplanes.

During the last third of the take-off run, even though the tail
boam was clear of the water, the high-speed resistance was greater
than would be oxpected for the forebody alone. Undoubtedly the after
part of the vertical chlnes contributed to this resistance.



8 SO NACA FM No. LEG16

Directional Stabllity

No quantitative study was made of directional stablillity. However,
the model was attached to a tubular staff which was slightly flexible
torgionally, and & decided tendency to yaw was notliced at a speed coeffi-
cient of about 4.0. The yawlng force was evidently produced by & roach
from the forebody which rose from the point of the step and struck the
tall boom. This yawing tendency was noticed only over & very short
speed range.

CONCILUSIONS

" The results of model tests to determine the hydrodynamic charsac-
teristics of an asrodynamically refined plening-tail seaplane hull
having e single cone-shaped boam for en afterbody indicate the
following conclusionsa:

1. Over a wide range of center-of-gravity locations a range of
fixed elevator deflections of more than l5° was avellable for steble
take-offs.

2. The peak lower trim limlt of stability, which occurred at aboub
50 percent of take-off speed, was high (1l1.3). However, trims obtainsble
were great enough to permit operating sbove the lower trim limit and no
upper trim limlt of stabllity was found.

3. The resistance was higher than for conventlional hulls; however,
it was not greatly different from the resistance of single-float sea-
plenes (hump load - resistence ratlo = 3.6).

L. The relatively hlgh operating trims and the chine strips com-
penseted for the extra load thrown on the forebody by the very small
"afterbody” to such an extent that the propellers located in a con-
ventional location were struck by only light spray.

5. Steble landings were obtainsble only in the aft range of the
center-of-gravity locatlons investlgated. There are, however, indicatlons
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that modificatlons of the after part of the vertical chine strips will
improve lending stebllity.
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Figure 1,- Wind-tunnel model with conical boom, Model 237-7B.
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Figure 2, -~ Wind-tunnel modal with tail float, Modal 2387-7F1,
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Figure 3.- Profile view of NACA dynamic mode} 237-78,.
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Figure 4,- Bottom view of NACA dynamic model 237-7B.
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Figure 7.- Center-of-gravity limits of stability. Gross load coefficient, 3.87; full power.
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{a) Cy = 0; trim = 13,20 (b) Oy = 1.94; trim = 11,40

(¢) Cy= 3.62; trim = 12.u0 (d) Cy = 8.35; trim = 2,90
(porpoising) W

Figure 10.- Photographs of model being tested. Full power; gross load
coefficient, 3.87.
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Figure 11,- Amplitudes of trim oscillations in landings,
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Load—-resistance ratio
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ABSTRACT

The hydrodynemic characteristice of an asrodynemically refined
planing-tail hull were determined from dynamlc model tests In
Langley tank no. 2. Stsgble teke-offs could be made for a wide range
of locations of the center of gravity. The lower porpoising limit
peak was high, but no upper limlt was encountered. Resistance was
high, being about the seme as that of float seaplanes. A reasonable
rengs of trims for steble landings was availeble ocnly in the aft
range of center-of-gravlty locatlons.



