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FFFECT OF AN INCREASE IN HULL LENGTH-BEAM
RATIO FRM 15 to 20 ON THE HYDRODYNAMIC
CHARACTERISTICS (OF FIYING BOATS

By Arthur W. Carter and Welter E. Whitaker, Jr.
SUMMARY

Investigations of the effect of hull length-beam ratio on the
hydrodynamic characterlstics of flying boats have been extended to
include a length-beam ratio of 20. This hull of length-beam ratio
of 20 was designed to meet advanced requirements for increased speed
and Increased range for flying-‘boat designs. The results obtained
for the hull having & length-beam ratioc of 20 are compared with those
for the hull having a lsngth-beam ratlic of 15.

The range of stable center-of-gravity position of the hull having a
length-beam ratio of 20 was less than that for the length-beam ratio
of 15. The behavior of the model having the hull length-bsam ratlo of 20
was erratic and smaAll disturbances of the water surface were likely to
cause the model to porpoise. The landing stabillty was approximately
the same as that for the length-beam ratlio of 15. Extendling length-
beam ratio from 15 to 20 resulted In the eliminatlion of heavy spray
entering the propellers although the heavy spray strikling the flaps did
not differ greatly bebween the two length-beam ratios.

Extending length-beam ratio from 15 to 20 lmproved slightly the
take-off behavior in waves. Durlng landings in waves, the maximm
vertical acceleration was 5.5g or 40 percent less than that obtained with
the length-beam ratlio of 15. The increase in length-beam ratio from 15
t0 20 reduced the motlions in trim and rise as well as the maximum trim
and rise dbubt had little effect on the maximum angular accelerations.

INTRCGDUCTION

The general program of aerodynamic and hydrodynamilc research on
hull length-beam ratic of filying boats has been extended to include
the effect of an lncrease in length-besm ratioc fram 15 to 20. The hull
of length-beam ratic of 20 is one of a related serles with different
length-beam ratlos desligned to have simllaer resistance and spray
characteristics for the same gross weight and to be physically intsr-
changeeble on the seaplane design. All the hulls have the game
lengtha-bea.m product and, therefore, become longer and narrower &s the
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length-beam ratio 1s increased. Increasing the length-beam ratio
from 15 to 20 resulted in a 9-percent reduction in volume and e 1l6-percent
reduction in frontal ares. -

The wind-tunnel investigation of this hull (reference 1) has shown
that an Increase in length-beam ratlio from 15 to 20 resulted in only a
semall decrsase in minimum drag coefficient. The minimum aerodynamic
drag of the hull with a length-beam ratio of 15, on the other hand,
was 29 percent less than the drag of the hull wilth the conventional
length-beam ratio of 6 (reference 2).

The seaplane assumed for the evaluwation of the hydrodynamic
characteristics is a twin-engine propeller-driven flying boat having
a design gross load of 75,000 pounds, a wing loading of L1.1 pounds per
square foot, a power loading of 11.5 pounds per brake horsepower for
take-off, and, for the length-beam ratlc of 20, a gross load coefficient
of 10.5. The hydrodynamic qualities (reference 3) determined in the
investigation were longitudinal stabllity during take-off and landing,
spray characteristics, and take-off performence in smooth water, and take-
off and landing behavior in waves. These quallties were determined from

tests of & fs—size powered dynemic model In lLangley tank no. 1 and are

compared with the same quallties of the seaplane having a hull length-
beem ratio of 15 as presented in references 4 and 5.

SYMBOLS

CAo gross-load coefficient (Ao /wB3)
b meximum beam of hull, feet
g acceieratian due to gravity (32.2), feet per secand per second
Ny vertical acceleration, g wnite
Vi, horizontel velocity (carriage speed), feet per second
Vo vertical velocity (sinking speed), feet per second
W specific welght of water (63.4 for these tests, usually

taken as 64 for sea water), pounds per cubic foot
a angular acceleration, radlens per second per second .
Vi flight-path angle, degrees
84 slevetor deflection, degrees )

Ag gross load, pounds
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LT trim (engle between forebody keel at step and horizontal) s
degrees
T landing trim, degrees

DESCRIPTION OF MODELS AND APPARATUS

The form, size, and relatlive locations of the =werodynamlc surfaces
were the same s those of the design having hull length-beam ratios of 6
and 15 (reference 4). The model having a hull lengbth-beam ratio of 20
was designated Langley temk model 239. Photographs and hull lines of
the modsl, and general arrangement of the flying boat are glven in
figures 1, 2, and 3, respectively. For comperison, photographs of the
model and general arrangement of the flying boat having a hull length-
beam ratio of 15 are shown In figures 1 and 3, respectively. Offsets
of the hull are given in reference 1. Pertinent characteristics and
dlmensions of the £iying boats with hull length-beam ratios of 15
and 20 are glven in table I. Additional information regarding dimensions
and characteristics may be found In references 1 and 2. The length used
for determining the length-beem ratlio is the distance from the forward
perpendicular to the sternpost.

The hull had the same depth of step, positlon of the step relative
to the mean aerodynemic chord, Eaximm helght of hull, ratio of forebody
to afterbody length, and length“-beam product as tha‘b used for the hull
with the length-besm ratlo of 15. (See reference 4t.) The fairing aft
of the sternpost (reference 1) was omltted from the tank model end a
8light modification was mede to the sldes of the afterbody above the
chine. These changes would have a negligible effect on the hydrodynamic
characteristics.

The model was powered wlth three-blade metal propellers driven by
two variable-frequency motors. Slats were attached to the leading edge
of the wing in order to delay the stall to an angle of attack more nsarly
equal to that of the full-size flying boat.

The invesilgatlon was made In Langley tank no. 1, which is described
in reference 6. The setup of the model on the towing carriasge end the
testing apparatus are shown in flgure L. The apparatus was the same as
that used for the testa of other models in this serles (references b
and 5). The model was free to trim about the plvot, which was located
at the center of gravity and was free to move vertically but was
restrained laterally and in roll and yaw. In order to measure excess
thrust, the towing gear was connected to a spring balance which measured
the longitudinal force. For the self-propelled tests Iin waves, the
model had approximately 2 feet of fore-and~aft freedom wlth respect to
ihe towing csrriage in order to absorb the longitud.inal accelerations
introduced by the impacts.
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An accelerameter mounted on the towing staff of the medel measured
the vertical accelerations. Two accelercmeters were used to measure
the angular accelerations.

PROCEDURES

Effective~thrust and aerodynemic 11ft and pltching-moment data for
the model having a hull length-beam ratio of 15 are presented in refer-
ence 4 and are appliceble to Langley tenk model 239.

The hydrodynamic gualities in smooth water and In oncoming waves
were determined at the design gross load corresponding to 75,000 pounds,
except for the spray investigation In whick ths gross loads corresponded
to loads fram about 50,000 pounds to 95,000 pounds. The flaps were
deflected 20° for all the bhydrodynamlic tests. All data are presented
as full-size values with the exceptlion of the data of table II which are
pertinent model data taken directly from the records.

Trim 1imits of stabllity.- The trim limits of gtability were
determined at constant speeds by use of the methods described in refer-
ence 7. In order to obtaln suffliclent control momsnt to trim the model
to the trim limits, the lower limit was determined at forward positions
of the center of gravity and the upper trim 1limite were determined at
after positions of the center of gravity.

Center-of-gravity limits of stabllity.- The center-of-gravity limits
of stabllity were determined by making accelerated rums to take-off speed
with fixed elevators, full thrust, and a constent rate of acceleration
of 1 foot per second per second. Trim, rlse of the center of gravity,
and smplitude of porpolsing were contlnuously recorded during the acceler-
ated run. Zero rise was set with the step Just touchlng the water surface
at zero trim. A sufficient number of center-of-gravity positions and
elevator deflectlons were investigated to cover the normal operating range
and to define the center-of-gravity limits of stabillity.

Landing stability.- The landing stability was Investigated by
trimming the model In the alr to the desired landing trim at a speed
alightly above flying speed and then decelerating the towing carrlage at
a uniform rate of 2 feet per second per gecond; this technique allowed -
the model to glide onto the water and simulate an actual lending. The
elevator deflection was not changed afiter the desired landing trim was
attalned.  The distance between the center of gravity and the water
surface was held comnstant at 20 inches in order to minimize the tendency
of the trim to change caused by ground effect on the asrodynamic moments
durlng the approach to the water surface. The comtact trims and bshavior
on landing were observed visually, and trim and rise were cantlinuously
recorded throughout the landing run. The landings were made with one-
half take-off thrust and with the center of gravity located at 32-percent

mean asrodynamic chord.
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Spray characterlstlics.- The speeds at whlich light loose spray and
the speeds at which heavy blister spray entered the propellers or struck
the flaps were determined for gross loads from a lightly loaded to a
heavily overloaded condition.

Excess thrust.- The excess thrust (thrust avallable for accelsration)

was determined at constant speeds for several fixed settings of the
elevators. The center of gravity was located at 32-percent mean sero-

dynamic chord.

Taxylng end take-off behavior Iin waves.- The texying behavlor in
waves was Ilnvestigated with full thrust wp to hump speed at a forward
rate of acceleration of 1 foot per second per second. The teke-off
behavlor was Iinvestlgated with full thrust up to take-off speed at a
forward rate of acceleration of approximately 3.3 feet per second per
second. Complete time histories of the taxi and teke-off rums were
recorded.

Landing behavior In waves.- The landing behavior in waves was

Anvestigated at the seme. deceleratlion used In the Investligation of the

smooth-water landing stebility. Prior tests in rough water have shown
that landing trim had 1ittle effect on elther the variation of trim
during the landing runout or the maximm accelerations. All lendings
were consequently made st a trim of approximeately 8°. TIn order to
provide sufficlent clearance for landings in waves, the distance between
the center of gravity and the water surface was appro:d_mately 40 inches.
For all landings the model was held in trim by the electricelly actuated
trim brake during the Initial landing approach, and the elevators were
set to give the proper trimming momente upon contact wlth the water.
This procedure was used to overcame the tendency of the trim to change
caused by ground effect on the asrodynamic moments during the approach
to the water surface. The landing behavior was observed visually, and

a time history was continuously recorded throughout the landing rum.

The time history included recordlings of trim, rise, fore-and-aft position,
vertlcal accelerations, angular accelerations, wave profiles, and speed.
The landings were made with the thrust adjusted so that the model was
approximately a free body during the Inltial landlng and the high-speed
portion of the landing runout.

RESULTS AND DISCUSSION

Longltudinal Stabiiity

. Trim 1imits of stability.~ The trim limits of stebility are compared
In figure 5 with those for the hull with a length-beam ratlo of 15. The
upper limit, increasing trim, and the upper 1imit, decreasing trim, were
approximately the seme for 'both length-beam ra'l:.ios. The lower 1imit for
the hull having & length-beam ratio of 20 was shifted to higher speeds
in the Intermediate planing-spsed range. This shift decreased the range
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of stable trim between the lower 1limit and the upper limit, increasing
trim, over the speed range where lower limit porpoising generally occurs
during take-off. When even slight porpoising occurred, the trim was more
likely 1to penetrate both the lower and upper trim limite because of the
resultent narrow range of stable trim, and the temdency to porpoise,
therefore, was more pronounced for the length-beam ratio of 20 than for
the length-beam ratlo of 15.

Center-of-gravity limits of stabillty.- Representative trim tracks
for length-beam ratio of 20 are presented in figure 6(a) for several
positions of the center of gravity and elevator deflections. Comparable
trim tracks for length-beam ratioc of 15 are presented in figure 6(b).
The maximm amplitudes of porpoising that occurred during teke-off are
plotted agelinst poslition of the center of gravity in figure T. The
maximmm amplitude 1e defined es the difference between the maximum and
minimum trime during the greatest porpolsing cycle that occurred during
the take-off.

The plot of maximumm amplitude of porpoising against position of the
center of gravity of the length-beam ratio of 20 is similar to that of
the length-beem ratio of 15. With both length-beam ratios, the amplitude
of lower-limit porpolsing increassed rapldly with forward movement of the
center of gravity. At after positions of the center of grevity the
amplituds of upper-limit porpolsing never exceeded spproximately 2.5° for
elther length-beam ratio.

For a glven elevator deflection, the praciical center-of-gravity
limit is usually defined as that position of the center of gravity at
which the.amplitude of porpoising beccmes 2°. A plot of elevator
deflection against center-of-gravity position at which the maximum
amplitude of porpoising was 2° is presented in filgure 8. With the
length-beam ratioc of 20, the range of stable center-of-gravity position
was slightly less than that for the length-beam ratioc of 15. The behavior
of the model having the hull length-beam ratio of 20 was erratic, however,
and small disturbances of the water surface were llkely to cause the
model to porpolse.

Landing stabllity.- Several typlcal time historles of landings with
the two models are presented in figure 9. The maximm and minimum values
of the trim eand rise at the greatest cycle of oscillation during the

landing run were obtalned from these data and are plotted against trim
at first contact in figure 10.

The hull having the length-beam ratlic of 20 did not skip on contact
at any landing trim (4° to 13°) and it may be cancluded that the depth
of step of 20.1 percent beam provided adequate ventilation. Porpolsing
during the landing runout was encountered at contect trims sbove 3.5°.
The landing stabllity for the length-beam ratlo of 20 was approximately
the same as that for the length-beam ratlo of 15.
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' Spray Characteristics

The range of speed over which spray entered the propellers and
struck the flaps 1s plotted agalnet gross load In figure 11 far both
hulls. At the design gross load, only llght spray entered the propellers
for the hull with the length—beam ratio of 20. The gross load was
increased approximately 20 percent (90 000 pounds) before the blister
spray entering the propellers was equivalent to the spray from the hull
with the length-beam ratlo of 15 at the design gross load (15 ,000 pounds) .
Blister spray struck the flaps at & slightly lower gross load with the
length-beam ratio of 20 then with the length~beem ratio of 15. At the
design gross load, however, heavy spray striking the fleps did not differ
greatly between the hullis having length-beem ratlos of 20 and 15. The
quantity of spray striking the tall surfaces during landings as well as
the range over which this spray occurred was less for the higher length-
beam ratio.

Take-0ff Performsnce

Abbreviated tests of the model with the hull length-besm ratio of 20
indicated no appreclieble change 1n excess thrust avallable for bake-off
when compared with the excess thrust obtalned for the hull of length-beam
ratio of 15. The over-all ‘teke-off performance of the two hulls, there-
fore, would not differ greatly.

Taxying and Take-Off Behavlor in Waves

The results of the Investigation of the texying behavior in waves
are qualitatlve, but several polnts are of Interest. Although the trim
cycles were large in L-foot waves, the bow showed no tendency to dig in.
Observations 1ndicated, however, that a decrease in forebody length would
not be advissable.

Tracings of typical records of take-offs In waves for hoth models
are shown in figure 12. The osclliations In trim and rise at low speeds
were large but dld not appear to be dangsrous. At higher speeds the
ogclllations beceme small as the hull planed over the wave crests and
relatively stable teke-offa were made. The maximm trim and the maximum
oscillation in trim were reduced for the length-beam ratio of 20 when
campared with those for the length-beam ratio of 15. The rise cycles
for the higher length-beam ratio hull were also slightly smaller.

Landing Behavior In Waves

Pertinent data obtained from the records made during the landing
investigation in waves are presented in table II. The sinking speeds for
the initilal la.nding approach ranged from 170 to 280 feet per minute (0.9

to 1.5 fps, model size) and were small compared with the sinking speeds
at the maximrm vertlcal accelerations. The sinking speeds assoclated



8 NACA RM I9GOS

with the maximm vertical accelerations for the hull of length-beam ratio
of 20. ranged from 300 to 810 feet per minute (1.6 to 4.3 fps, model size).
The sinking speeds assoclated with the maximwm vertical accelera'bion.s

for the hull with the length-beam ratio of 1% ranged fram 195 to 1070 feet
per minute (reference 5). With the reduction in the maximum sinking
speed, a lower maximm vertical acceleration would be expected for the
higher length-beam ratio hull.

Yertical acceleratlons.- The varlatlions of maximm vertical acceler-
ation with wave length are shown in figure 13. A peak was apparently
reached in the maximm vertical acceleratlons at wave lengths near 185 fest.
The peak maximum vertical acceleration of approximately 5.5g for the hull
having a length-beam ratio of 20 was about 40 percent less than the peak
maximm vertical acceleration for the hull having a length-beam ratio
of 15. The peak accelerations occurred at approximstely the same wave
length for both hulls.

The position of landing on a wave for the Initlal Impact, as well
as subsequent impacts during the landing runout, was not under the comtrol
of the operator, and thils lack of cantrol accounts for the scatter of the
test data. The envelopes of the data indicate the maximm probasble
accelerations that would be obtalned for the range of wave lengths
investigated.

Angular acceleratlons.- Maximm angular accelerations are plotted
ageinst wave length in figure 1lh. A peak apparently was reached in the
maximum positive accelerations (bow rotated upward) at the shorter wave
lengths. At the longest wave length Investligated, the accelerations
were reduced about TO percent below the acceleratlicn at the apparent pesk.

The negative angular accelerations occurred when a bow-down rotation
wag 1nduced during landing on the sternpost. The maximum negative
accelerations alsc occurred at the shorter wave lengths.

An Increase In length-beam ratlo from 15 to 20 had 1little effect
on the meximm anguler acceleraticns.

Motions in trim snd rise.- The maximm and minimum trim and rise
at the cycle with greatest amplitude of oscillation that occurred during
the high-speed portion of the landing runout are plotted ageinst wave
length 1In figure 15. The variation of maximum and minimm trim and risec
over ‘the entlre range of wave lengths was emall.

The increase in length-beam ratlio fram 15 to 20 resulted Iin an
appreclable reduction in the maximum amplitude of osclllation in both
trim and rise. The oscillation in trim was reduced approximately
15 percent and the osclillation 1n rise nearly 25 percent. The 1ncrease
in length-beam ratioc also reduced the maximum trim 2° and the maximum
rise approximately 6 feet.
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Summary Chart

The hydrodynamic qualities of a fiylng boat with a low-drag
hull having & length-beam ratio of 20, as determined by powered-
dynamic-model tests, are summarized in figure 16. This chart gives
an over~-all picture of the hydrodynamic characteristics In terms of
full-scale operatlional parameters and is therefore useful for comparl-
gsons with similar data regerding other seaplanes for which operating
experience 1s available.

CONCLUSTIONRS

The results of an Investigation to determine the effect of an
Increase in hull length-beam ratio from 15 to 20 led to the following
conclusions:

1. The range of stable center-of-gravity position was less than
that for the length-beam ratic of 15. The behavior of the model having
the hull length-beam retio of 20 was erratic and small disturbances of
the water surface were likely to cause the modsl to porpolse.

2. The landing stabllity was approximately the same as that for the
length-beam ratio of 15.

3. Extending length-beam ratio from 15 to 20 resulted in the
elimination of heavy spray entering the propellers slthough the heavy
spray striking the flaps did not differ greatly between the two length-
beanm ratios.

4. Extending length-beam ratio fram 15 to 20 improved slightly the
take-off behavior in waves.

5. During landings In waves, the maximum vertical acceleration
was 5.5g or 40 percent less than that obtained with the length-beam
ratio of 15. The Increase in length-beam ratio from 15 to 20 reduced
the motions 1n trim and rise as well as the maximm trim and rise bub
had little effect on the maximum anguler accelerations.

Langley Aeronsutical Laboratory
Netional Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I
PERTINENT CBARACTERISTICS AND DIMENSIONS OF FIXING BOATS

HAVING HOULL LENGTH-BEAM RATIOS OF 20 AND 15

L _ L _
Z=20 2=15
General :
Deslgn groes Joad, 1B « « o = o« ¢ ¢ o o o = o & « & 75,000 15,000
Gross load coefficient, CaA, » « o ¢ ¢ o ¢ ¢+ o & 10.5 5.88
Wingarea,sqft._................ 1826 1826
Toke-off HOI'SEDOWSY « « « « = o s ¢« « s o s s s o 6500 €500
Wing loading, 1B/8g £ .« « « o + o « s o o « o o & k1.1 L1.1
Power loading, 1B/MP « « « + ¢ v « o o o 2 o « o » 5 1.5
Hull: . A .
Maximum boem, £6 + « « « o « ¢ o o o o « 2 ¢ s o ® 41.82 5.8l
Length:
Forebody, bow to etep, £t « « « ¢« ¢ ¢« ¢ ¢« o & 55.5 50.h
I’ore'bodyleng‘lm'bea.m.ratio........... 11.5 8.6
Afterbody, step to sternpost, £t « « « o ¢ o . & 0.9 372
Afterbody length-beam ratic .+ « « o « o« « o o » 8.5 6.4
Tail extension, sternpost to aft
perpendiculer, fh T 13.8 17.5
Over-all, bow to aft perpendicular, £t e e e s 110.2 105.1
Step:
TIDPE o o o s+ o o s ¢ o a s« ¢« o s o s ¢ s a o s o Transverse Transvers
Dopth at keel, in. “ e st e s e e e s e e 11.6 11.6
Dopth at keel, percent DEBm + + & « » + « « o & 20.1 16.5
Angle of forebody keel, to base line, deg .« « « + « o] [s]
Angle of afterbody keel to base line, deg - « - « . St 5.4
Angle of sternpost to base line, deg .« « « « o .+ & 6.7 6.9
Angle of dsed rise of forebody:
Excluding chine flare, deg « « « « & = e ¢ o o « 20 20
Including chine flare, dog « « + « =« s = « + & = 16.5 16.5
Angle of deed rise of afterbody, deg « « « « o « & 20 20
Wing: )
Spam, PE ¢ o v 4 o a v et a b e e e e e e s e 139.7 133.7
Rootchord.ft.................. 16.0 16.0
Mean aerodynmn.‘lc chord (M.A.C.):
Length, projected, £% <« +. ¢« o &« ¢ ¢ ¢« v ¢ o & 13.7 13.7
Leading edge aft of Dow, £ .« « « o ¢« =« « o « k8.7 3.7
Leading edge foward of Btep, £5 « « + « o « + & 6.7 6.7
Leading edge ebove base 1line, £t « « « « & + & « " 15.1 15.1
Mngle of Incidence, deg = » o « o o ¢ o« = o « v o b ) 4
Horizontal tall surfaces:
Ares, 8Q £L « ¢« o ¢ ¢ o o ¢ s s 0 e o e o s s e e 333 333
Span, FL ¢ 4 e v e s e s e s 4 s n e e wn s k3.0 k3.0
Angle of stabilizer ta wing chord, deg . + « + » » -l -k
Elevator rocot chord, % « ¢ o« = ¢ o o« o = s o s o & 3.20 3.20
Elevator pemispen, f& « ¢ = ¢ « o =+ o o o s 2 ¢ o 6.7 16.7
Length from 25 percent M.A.C. of wing to
hinge line of elevators, Ft .« « « ¢ « ¢« « « o« & k9.5 kg5
Hoight ebove base 1dne, £t « « « ¢ v ¢« o ¢ v &+ + & 19.0 19.0
Propellers:
Rumber of propellerS .+ ¢ « « o ¢ o s o« s o & s o & 2 2
Number of Pladss .« ¢ o o ¢ o = ¢ o s « o o o » a » 3 3
Diameter, ft e s st s s s s s s st e s e e 16.5 16.5
Angleofthrustlinetobaselins deg « « ¢ o o o 2 2
. Clearance above keel, Ft o « ¢ « ¢ + s = o o o o 8.3 8.3
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TABIE II

DATA OBTAINED DURING LANDINGS IN WAVES
LENGTH~BEAM RATIO, 20

[A11 velues are model size]

§
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(a) Length-beam ratlo, 20.

e a’
(b) Length-beam ratioc, 15. L-@59806

Figure 1l.— Models having hull lsngth-beem retios of 20 and 15.
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Figura 2.~ Linas of Longley tank model 239,
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Figure 3.- General arrangement.
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(a) Setup of model on towing apparatus.

(b) Details of fore—and—aft gear.

Figure L.— Model and towing apparatus.
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Figure 5.~ Trim limits of stability.
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Figure 6 .- Variation of trim with speed.
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