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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EFFECT OF INCREASE IN ANGLE OF DEAD RISE ON THE
HYDRODYNAMIC QUALITIES OF A SEAPLANE CONFIGURATION
INCORPORATING HIGH WING LOADING

By Walter J. Kapryan and Irving Weinstein
SUMMARY

An investigation has been made to determine the effects of increase
in engle of dead rise on the overall hydrodynamic characteristies of &
seaplane having a length-beam ratio of 15 and a wing losding of
120 pounds per square foot.

In genersl, increasing the angle of dead rise from 20° to 40O° and
60° improved the trim limits of stability and the range of center-of-
gravity positions for satisfactory take-off characteristics. The
60° hull was characterized by somewhat erratic behavior due to 2 low
trim directional instability. The smooth-water landing chsracteristies
of the 20° and 4Q° hulls were satisfactory. The 60° hull, however, had
somewhat inferior charazcteristics as evidenced by fairly severe por-
poising snd skipping. Spray cheracteristics were, in general, somevhat
improved with increese in angle of dead rise. Water resistance, on the
other hand, was increased appreciably by the increase in dead-rise
angle. Rough-water-landing behavior was definitely improved by the
introduction of the higher dezd-rise angles. The maxirmum vertical and
angular sccelerations of the 20° hull were reduced 42 percent and
35 percent, respectively, by the L0C hull and 72 and. 65 percent,
respectively, by the 60° hull. The reductions in vertical accelerations
are shown to be in good agreement with those predicted by impact theory.

INTRODUCTION

The trend towerd higher take-off and lending speeds for current
and proposed alrcraft has confronted the seeplane designer with the
problem of increasingly severe loads and motions in rough water. A
recent model investigation in ILangley tank no. 1 has shown that
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increasing the wing loading of a conventional seaplane from 40 pounds
ver square foot to 120 pounds per squere foot resulied in an increase
of epproximately 100 percent in the wvertical accelerations encountered
during landings in waves 4 feet high. These results have led to a
number of load-zlleviation studies.

One obvious method of reducing the impact effects to which a sea-
plane hull is subjected is to increase the angle of dead rise of the
hull. The effect of an incresse in basic dead-rise angle from 20° to
10° was previocusly investigated with a dynamic model of a seaplane-
having a wing losding of LO pounds per square foot. (See ref. 1.)

The results of that investigetion indiceted that the increase in angle
of dead rise, in addition to substantially reducing the impact acceler-
ations and rmotions, maintalned acceptable hydrodynamlc characteristics
in other respects, at least for the relatively low wing loading of

40 pounds per square foot.

The primary purpose of the vresent paper is to present the resulis
of an investigetion into the overall hydrodynamic characteristics of a
series of three related dynamic rodels having basic angles of dead rise
of 209, 40°, and 60° and the relatively high wing loading of 120 pounds
ver squere foot. The models were assumed to be l/lE-scale powered
dynemic models of a twin-engine, propeller-driven segplane having a
gross welght of 75,000 pounds, & gross load coefficient of 5.88, and a
thrust of 38,800 pounds. The corresponding average landing speed in
this case was 120 knots. The configurstion with a 20C angle of dead
rise was the parent hull for the series and was the same model that was
used in the wing loading Investigation previously referred to. Power-
on smooth-water spray, longitudinal stability, and resistance during
take~off, end power-off lending characteristics in smooth water and in
waves L feet high were determined for all models.

SYMBOLS
t maximum beam of hull, Tt
‘_f
CA@ gross-load coefficient \Ab/WbB)
¢ mean aerodynamic chord
g acceleretion due to gravity, f‘t/sec2
Ny vertical acceleration, g units
v horizontal velocity of model, knots

oGNSl
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v, sinking speed, fi/min

W specific weight of tank water, 63.4 1b/cu ft

o angular acceleration, radians/sec2

B dead-rise angle, deg

Y Flight-path angle, deg

Ab gross load, 1lb

Se elevator deflection, deg

T trim (angle between forebody keel at step and horizontal), deg
I landing trim (trim at contact), deg

DESCRIPTION OF MODELS

The models used for this investigetion had basic angles of dead
rise of 20°, 409, and 60° (designated s Langley tank models 318-A,
318-B, and 318-C, respectively) excluding chine flare. Photographs of
the models (without propellers) are shown in figure 1. The hull lines
are shown in figure 2. The genersl arrangement for the seaplsne with
the 20° hull is shown in figure 3. The offsets for the hulls are pre-
sented in tables I, IT, and III. The LO® and 60° hulls were derived
from the basic hull having an angle of dead rise of 20° by maintaining
the constant angles of dead rise of 400 and 60° from the step (sta-
tion 12) forward to station 7. From station 7 forward to the forward
perpendicular, the angle of dead rise was uniformly increzsed so that
st the forward perpendicular it was the same as that of the basic 20°
hull. At each forebody station the ratio of the flered chine height
gbove the base line to that of the unflared chine height was the same
as that of the baslc 20° forebody. The respective afterbodies had
deed-rise angles of L0°® and 60° with no chine flare. All three models
had a step depth normzl to the base line of 9 percent of the beam.

APPARATUS AND PROCEDURES

A general description of tenk no. 1 and the apparatus used is given
in references 2 end 3. FEach model was free to trim sbout its pivot,

SRR
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which was located at the center of gravity, and was free to move verti-
cally but was restrained laterally and in roll and yaw. For the tests
in waves, the model had approximately 5 feet of fore-and-aft freedom
wlth respect to the towing carriage. The longitudinel forces on the
model which were measured during the determination of excess thrust
were obtalned by means of a resistance dynamometer commnected to the
towing gear.

The vertical accelerations were measured with a strain-gage accel-
erometer mounted on the towing staff of the model, The angular ac¢cel-
ergtions were measured with = matched pair of accelerometers of the
same type located within the model. In the static condition all accel-
erometers read zero. The natural frequencies of the strain-gage accel-
erometers were approximately 356 cycles per second for the vertical
sccelerometers and 180 cycles per second for the angular accelerometers.
The natural frequency of the recording galvanometers was approximately
100 cycles per second. The accelerometers were damped to approximately
0.7 of their critical values and the recording galvanometers to approx-
imately 0.65 of their critical values. Additional demping was intro-
duced to mske the frequency response curves of the straln-gage-
accelerometer =nd recording-gslvanometer systems flat to within #5 per-
cent between 0 and 27 cycles per second, in accordance with previous
tests.

The trim, rise, and fore-and-aft position of the model were meas-
ured with slide-wire pickups. During landing approach, the trim of the
model in the air was fixed by an electrically actuated trim brake
attached to the towing staff. The brake was autometically relessed when
the hull came in contact with the water. Electrical contacts were
located at the sternpost, step, and at a point approximetely 40 percent
of the forebody length aft of the forward perpendicular in order to
releagse the brake and to indicate when these parts of the model con-
tacted or left the water.

The trim end center-of-gravity limits of stebllity, smooth-water
landings, end excess thrust were determined at a gross load corre-
sponding to 83;000 pounds. This represents a design overload slightly
in excess of 10 percent. The overload was caused by the heavier welght
of the 40° and 60° hulls which, together with the electric motors that
powered. the models, did not permit balancing the models to the design
gross weight of 75,000 pounds. The spray characteristics were deter-
mined at gross losds ranging from epproximately 46,000 pounds to
100,000 pounds. This range of loads was obtained by means of
counterweights.

The trim and center-of-gravity limits of stabllity and the spreay

characteristics were determined at the design thrust of 38,800 pounds.
The measurements of excess thrust (thrust avallsble for acceleration)

L
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were made with the static thrust set at 45,500 pounds. This increase
in power was required to overcome the high drag of the 60° dead-rise
hull., The lendings in both smooth wzter and in weves were made with
power off.

For the landings in waves, the motors were removed and the tests
were made at a gross load of 75,000 pounds. The landing and spray tests
were mede with the center of gravity at 36 percent mesn serodynamic
chord. With the exceptlon of the tables of offsets, all data are
presented as full-scale values.

RESULTS AKD DISCUSSION

Trim limits of stgbility.- The trim limits of stabllity for the
three dead-rise models are shown in figure 4. (The trim limit of
stability is defined as the trim at which porpoising motion is first
observed at a given speed. The general procedure for determining trim
limits is described in detall in reference 4.) The increase in angle
of dead rise shifted the hump of the lower limit to higher speeds and
decreased the hump trim. The hump trim of the 20° hull was approxi-
mately 8.5°, while the 40° and 60° hulls had hump trims of spproxi-
mately 7.2° and 4.9°, respectively. In the planing range the lower
limit of the 40° hull was roughly comparsble with that of the 20° hull.
The upper limit, however, was encountered at slightly higher trims than
was that of the 20° hull. Thus, the major changes induced by increasing
the angle of dead rise from 20° to 40° appeared to be a decrease in
hump trim and a slight shift of the upper limit to higher trims. These
findings in general concur with those of reference 1. For the 60° hull
the major change in the trim limits, in addition to a significant
decrease in hump trim, appeared to be & marked shift of both limits to
substantially higher speeds.

The lower trim limit of stability of the 60° hull was difficult to
define because of a directlonal Instability which appeared at trims
below 5°. t these low trims the model had a strong yawing tendency
which was controlled by perlodically realining the model and restricting
the yaw to small angles by the use of a yoke.

Center-of-gravity limlits of stability.- Typlcal trim itracks for
the three hulls covering a range of elevator deflections are presented
in figure 5 for a center-of-gravity position of 28 percent mean sero-
dynamic chord. From such deste, maximum amplitudes of porpoising during
take-off were determined for a range of center-of-gravity positioms.
The resulting faired curves defining these smplitudes for the hulls
having angles of dead rise of 20° and 4L0° are presented in figure 6.
The center-of-gravity limit of stability for a given elevator deflection

™
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is generally defined as the position of the center of gravity at which
the amplitude of porpoising becomes 2°. From this definition and the
curves of figure 6, the center-of-gravity limlts of stabllity were
determined for the 20° and 40° hulls end are presented as figure 7.

As expected from previous tests (ref. 1), the increase in angle of deed
rise from 20° to 40° substentially incressed the range of elevator
settings for acceptable take-offs throughout most of the range of
center-of-gravity positions.

The take~off behavior of the 60° hull was noticesbly different
from that of the other two hulls, and the definition of both the for-
ward and aft limits was more difficult. For moderate increases 1in bow-
up aerodynamic pitching moments (up elevators) the amplitude of upper-
limit porpoising increased, as would be expected on the basis of tests
of other models. With further Ilncrease in up elevator, however, this
amplitude of porpolsing again decreased, finelly becoming negligible.
This effect is shown in figure 8, which presents the variation of the
meximum amplitude of upper-limit porpoising with elevator deflection
at various center-of-gravity positions. The upper 1limit, it will be
recalled, was displaced to significantly higher speeds when the angle
of dead rise was increased from 4O° to 60°. The decrease in amplitude
of upper-limit porpoising with increase in elevator deflection, as
shown in figure 8, 1s believed to be due to the previously mentioned
shift of the upper 1limit to higher speeds which, together with the
relatively high trims resulting from the increased elevator deflections,
practically made the model airborne when the upper trim 1imit was
reached. As a result, after a mild oscilllzation or two the model became
fully sirborne.

The aft limit resulting from the above variation of upver-limit
porpoising therefore was defined as a band of instability above and
telow which the model was stable. (See fig. 9.) For any practical
consideration, however, this band of instability is of small consequence
since the maximum smplitude of porpolsing exceeded 3° =zt only one
center-of-gravity position, and then by less than 0.5°, so that if, as
has been done on occesion in the past, 2 maximum amplitude of porpoising
of 3° is considered scceptable for satisfactory take-~off performance,
the aft 1limit is of no practical significance.

The definition of a forward limit for the 60° hull was precluded
by the previously mentioned directional instability thet was encountered
at trims below 5°. In its stesd, = limit was selected which was defined
by the minimum elevaetor deflectlons, resuliing in trims that 4id not
fell below 5° during any part of the take-off run (fig. 9). Since the
lower trim limit of stabllity is in its entirety encountered at trims
lower than 5°, such a procedure will insure take-offs with acceptable
longitudinal stablility and without directlonzl instability.

uGQNRER R



NACA RM L56H21 SNSRI T

Landing stability.- Typical time historles of lendings with the
three hulls are presented in figure 10. From records such as these,
the meximum and minimum values of trim and rise at the greatest cyecle
of oscillation were determined and the resulting data are plotted
against trim at first contact in figure 11. The 20° and L0° hulls
exhibited practically no skipping tendencies over the range of landing
trim from L.5° to 15°. 'The 60° hull, however, skipped at all trims
below 8.5° and sbove 12.3° and its porpoising cycles were greater than
those of the other models at all trims.

The inferior landing characteristics of the 6C° hull are probsbly
due to = combination of inadecguate step ventilation (the ratio of step
depth to maximum beam being only 0.09) and the deep penetration of the
afterbody resulting from the high angle of dead rise. The resultant
wetting of the sides of the afterbody with the clinging flow oi the
forebody weke zppears to have produced suction forces that maintained
trims high enough to keep the model in the range of upper-limit insta-
bility longer than was the case for the models of lower dead-rise angle.
This situation probably could have been somewhat relieved by increasing
the step depth. Also, for these smooth-water landings, all three models
were decelerated at the same rate. A more realistic procedure probzbly
would have been to decelerate the 60° hull at e greater rate to simulate
the deceleration that would occur in free flight due to the high resist-
ence of this hull. The resulting porpoising cycles would undoubtedly
have been less violent. Thus, although the 60° hull has inferior
smooth-water landing characteristics when compared with the 20° and
40° hulls, a more favorable comparison might have been obtained if the
need for e deeper step had been anticipated and a higher deceleration,
corresponding to a higher resistance, had been used.

Soray cheracteristicg.- The spray characteristics of the three
hulls are presented in Tigure 12, where the range of speed over which
spray entered the propellers or struck the flaps snd tail surfaces is
plotted against gross load. In general, the spray entering the propel-
lers and striking the flaps has been somewhst alleviated by inereasing
the angle of dead rise. (Although the LO° configuration did encounter
heavy spray at lighter gross loasds than 4id the 20°.model, the speed
range over which this spray was encountered was almost negligibly smsll
end wes not considered serious. In any case, for the 20° model the
overall propeller and flep spray disgrams, which include light as well
as heavy spray, extended over a significantly greater speed range thsn
for the other two models at practically =211 gross loads.) The smaller
bow blister resulting from the increased dead-rise angle is believed
to be the chief factor in this general reduction. These resulis are
in keeping with the results of previous investigations into the effects
of increase 1in angle of dead rise. Taill spray, however, does not
appear to have been greetly affected by increasing the dead-rlse angle.

SOl
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Excess thrust.- A brief investigation of the excess thrust was
made in order to cbtaln some measure of the relative resistances of the
three hulls. Because of the anticipated high resistance of the 60°
hull, whick would have precluded its take-off at full thrusit, the static
thrust for these measurements was arbitrarily increased to 45,500 pounds.
The resulting excess thrust and associated trim curves for the three
hulls are presented in figure 13. Increasing the angle of dead rise
subgtantially reduced the excess thrust available for take-off, with
the increase from 20° to 40° and 60° resulting in reductions of
approximately 40 percent and 55 percent, respectively. For the inves-
tigation revorted in reference 1, an increase in angle of dead rise
from 20° to 40° at a wing loading of 40 pounds per sgquare foot resulted
in a reduction in availsble thrust of approximetely 30 percent, so that
this condition has been somevwhat worsened by Increasing the wing
loading to 120 pounds per square foot and having a depth of step of
9 percent of the beam.

Lendings in waves.- The data obtained during landings in waves are
presented as full-scale values in tables IV, V, and VI. These teables
contain the pertinent information regerding the impacts producing the
maximum vertical and angular sccelerations encountered with the hulls
having angles of dead rise of 20°, L0°, and 60, respectively. The
maximum vertical and angular accelerations are plotted in figure 1k,

The maximum accelerations generally occurred at some impact sub-
sequent to the initial irpact. For the 20° hull, they generally
occurred during the third or fourth impact; for the 40© hull, they
generally occurred during the fourth or fifth impact; and, for the
60° hull, they generally occurred during the fourth impact. The vert-
ical accelerations were significantly reduced by the increases in
angle of dead rise. The 20° hull experienced maximums as high as 13.hkg,
while the meximum encountered with the 40° hull was T7.8g, 2 reduction
of spproximately 42 percent. This reduction is slightly less than that
obtained for the sare increase in angle of dead rise at the relatively
low wing loading of 40 pounds per square foot as reported in refer-~
ence 1. The 60° hull experienced a maximum vertical acceleration of
3.7g, which, when compared with the 2C° hull, represents a reduction
of approximately T2 percent. Corresponding reductions in the anguler
accelerations resulted from the increase in angle of dead rise. The
40° hull reduced the meximum angular accelerations approximately 35 per-
cent below those of the 20° hull, while the 60° hull produced reductions
of approximately 65 percent.

The results of a brief comparison with impact theory (as discussed
in ref. 5) of the effect of increase in dead-rise angle on the vertical
gccelerations are shown in figure 15. Reference 5 states that the
hydrodynamic load varies as the 2/3 power of the dead-rise function

-
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f(B) = EE - 1, other parameters being held the same. By normalizing

the curve of the dead-rise function to B = 20°, the effect of increasing
the angle of dead rise during the present investigation can be seen to

be in good agreement with theory. The theory, of course, was derived

for somevhat different conditions then were encountered during the pres-
ent investigation and, although it does not predict the same load fac-
tors, it is nevertheless interesting to note the excellent agreement in
trend.

The maximum and minimum values of the trim and rise at the greatest
cycle of oscillation during each of these landings in waves have heen
plotted against wavelength and =sre presented in figure 16. TIncreasing
the angle of dead rise resulted in slightly lower itrim cycles. The rise
cycles were also reduced, only slightly with the 40° hull, but very
substantially with the 60° hull.

CONCLUDING REMARKS

The results of an investigetion to determine the effect of 1increase
in angle of dead rise on the hydrodynamic qualities of a seaplane having
e wing loading of 120 pounds per squere foot indicate that very signif-
icant reductions in impact loasds can be achleved by increasing the sngle
of dead rise from 20° to 40P and 60°. The LQ° hull reduced the meximum
verticel asccelerations of the 20° hull by approximately L2 percent,
while use of the 60° hull resulted in reductions of the order of 72 per-
cent. These reductions are shown to be consistent with theory. The &Q°
and 60° hulls, in generasl, improved the trim and center-of-gravity limits
of stability as cheracterized by milder porpoising behavior during tske-
off. However, the behavior of the 60° hull was somewhat erratic because
of a low trim directional instability. The L0O hull had sstisfactory
smOOuh-Water—landlng character15uics which were comparable with those of
the 20° hull. The 60° hull, however, weas somewhat inferior to the other
two hulls in this respect, lnasmuch as fairly large porpoising amplitudes
and skipping were encountered with this hull. The spray characteristics
were, in general, improved by increasing the angle of dead rise. The
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water reslstance as measured during a brief evaluation of excess thrust
was significantly increased by the respective increases in angle of dead
rise. ’

Langley Aeronautical ILeboretory,
National Advisory Committee for Aeronsutics,
Iangley Fileld, Va., August 15, 1956.
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TABLE I.- CFPSETS FOR LANGIEY TANX MODEL 315-A
[ﬁ=20°;aliiiunnimsareinmhe%

. POREECDY
Keel | Chire| Ealf-|angle off Ferebody bottcm, height above
ceats Distonce to | apoqe| avore bean | chine bage-Lline ';ut:uizkhs
forunrd  |y5ce lbase | at | flace Station
¢l
perpendicular! j¢qe {11re | ckine| aeg  |0-30{0.55|0.89 1.1&'1.108 1.77| 2.07|2.27|2.6T
F.P. [b] 8.58 |8.58 |0 - 20
1/2 2.10 k.57 16.2k |2.37 10 20
1 k.20 3.15 |&.88 [1.82 10 20
2 8.0 1.52 |35.16 | 2.29 10 29
3 12.50 .67 212 | 2. 10 20
L 18.79 22 |1.h7 |2.73 10 20
5 20.93 .03 [1.08 |2. 10 20
6 £5.15 a 89 | 2.90 5 20
7 29.39 0 .85 |2.62 [} 20
8 33.55 a .85 | 2.92 [} -
9 37.78 0 .83 |2.92 o
10 L1 08 Q 83 |2.92 o
it k6.18 (1] 83 [2.92 [+}
129 50.52 c R 2.92 L]

Angle of

caine flare

Eal? beam _“—\‘ cm_-m‘ sbove
- /

at chine > Eue* line

A
——— Xeel akcve
tase line
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TABLE II.- CFFSECS FOR LANGLEY TANK MOCEL 318-B

[ = ¥09%; all ions are in inches]
FORTBODY AFTERBODY
Keel |Jkine|3alf-|Angle cf| Fozebody botiom, height above -, Keel |EalZf-~|Dead-
Station m;:"“e dtc avove]avove|beam | chine ‘base~line 'l,:ut.tom Station mi;:_‘“:_i“ sbocve |bean [rise
=5 ar base |base | at flare * L .base | at |mngle
perpendicalar 1., |yine Jokine] aeg | |o0.30]0.50]c.80]-.08[1 08|17 2.07!2.57 2.67 perpesdiewtar]y, o |insnel| ceg |
F.P. 4] 8.58 18.58 to - —— 124 s0.k2  j0.52 (2,92 | b
1/2 2,20 .57 |67k |1.3T 10 - i3 =k.58 .92 |2.87 ko
1 L.20 3.13 |5.62 [1.82 10 - 1h 58.78 1.%72 j2a.76 ho
2 8.lo 1.52 |4.21 |2.20 10 4,22 - 5 2.8 |1.7L ja.s8 | ko
3 12.60 .67 |13.30 |2.56 10 3.2613.52 |~m=m 16 87.17 2.11 |2.37 4o
4 16.79 .22 [2.70 |2.7> 10 2.63|2.72|2.7L 17 TLAT 2.55 |2.07 k0
) 20.69 .03 |2.22 |2.84 lo 2.19]2.51 [2.35 18 .57 2.90 [1.70 4o
é 25.19 < 2. 2.30 5 1.85]i.99 |2.06 19 T9-TT 3.30 2 Lo
T 29.39 [} 1.62 |2.92 3] 1.67|1.82]1.90 20 83.97 |3-70 | .62 ]
8 3%.5 o 1.62 j2.92 [ 1.67|1.52{1.90 || 9.P% &7.61 k.G |O -
9 37.78 ] 1.62 |2.92 c 1.67(1.82(1.90
19 41.58 ] 1.52 |2.92 [ 1.67|1r.82]1.90
1z 46,18 [+] 1.92 |2.92 [+] 1.67|1.82|1.90
it 80.L2 [} 1.92 {2.92 o 1.67|1.82[1.90
Angle of
caine fiare
- Lv \m—m’ ove
. E:J':hi::m 1 base lire
L_ Keel above
tese lire
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TABLE ITI.- QFFSETS FOR TANGLEY TANK MODEL 318-C

g = 609; a1 dimersicns are in :Lnehe:ﬂ
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TABLE IV
DATA OBTAINED DURING LANDINGS IN L4-FOOT WAVES

[} = 20°; all values are full-scale; initial landing trim =~ 80]

At maxtimmum acceleration
Ia.n.ding wave%tength’ TLJ vv 2 v’ 7’ nv s m’
deg ft/min | knots | deg g units | radiens/sec2
1 180 2.3 1037 107.5 5.5 9.8 18.3
2 180 k.6 1410 66.4 | 11.8 T.8 13.3
* 180 2.4 675 107.2 3.6 T.1l 15.7
3 180 1.2 1375 | 96.0 8.1 10.2 22.%
» 180 1.5 1530 96.% 8.9 10.6 21.5
5 180 1.k 994 97.5 5.8 6.9 16.9
6 180 2.9 1203 103.2 6.6 10.7 19.7
T 180 3.0 1222 105.8 6.5 9.3 17.0
8 180 3.6 1037 TT5 7.5 9.4 18.6
9 180 .9 1353 84.8 9.0 7.2 20.9
10 180 5.3 1196 70.8 9.5 7.5 —
11 180 3.8 391 105.7 2.1 6.6 ——
12 180 .8 1825 83.0 | 1L.k4 8.3 ——
13 180 Lo 1298 7..8 | 10.1 10.2 ——
180 1.5 1275 9l1.1 7.1 9.k ——
180 .T 1390 84.8 9.2 9.3 ———
180 . 1380 87.9 6.6 8.0 16.7
180 2.0 1150 95.0 6.7 8.1 14.2
180 1.4 1393 102.6 7.6 9.8 16.0
180 .9 157 87.3 8.7 10.6 19.5
180 =T 1420 78.6 | 10.1 9.k 17.8
180 1.8 1058 106.4 5.6 8.2 13.5
180 1.1 1503 92.5 9.1 7.7 18.1
180 3.3 555 104.0 3.0 5.3 7.9
180 1.2 1257 91.0 7.8 T-7 15.3
180 -1 1303 97.3 T-5 8.3 18.3
180 1.3 1420 85.3 9.3 il.h 20.9
180 91 1286 86.5 8.3 8.1 17.6
180 T 1561 8c.6 | 10.8 12.1 23.2
216 1.6 1530 7.7 | 11.0 9.6 19.1
216 2.4 1479 106.5 7.8 11.7 22.6
216 1.4 1452 93.6 8.7 9.7 19.2
216 1.7 1051 85.7 6.9 8.6 17.3
216 1.7 1394 Th.0o | 10.5 11.3 20.7
216 2.6 1354 1ok.9 7.3 9.0 23.0
216 1.7 137. 72.5 { 10.6 9.9 21.1
26 2.4 1648 103.7 8.9 11.9 23.9
216 .8 1662 93.4 | 10.0 9.9 20.4
216 2.8 1378 103.5 T.5 12.6 2k .4
216 2.3 1388 103.3 T.5 12.6 2%.2
216 2.0 1137 101.7 6.3 8.9 17.2
216 1.2 1230 T5.7 9.k 5.6 ———
216 1.0 1271 76.7 9.3 10.0 ——
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TABLE IV.- Concluded

DATA OBTAINED DURING LANDINGS IN 4-FOOT WAVES

[B = 20°; all values are full-scale; initial landing trim = Sa

At maxirmm acceleration

s
radians/sec®

8 13.-4 5918 7.716 77.56.4 2)7.7.50

8 _
-
& 3 707_
518887 05ﬂlﬁmmﬂﬂm HO A

I+ 0D O A0 O IO Y O
w_._bm_mlu_b.w.ql:ba,60m_

-
-

Dys
g units

25705.48.42501126756 7.2 lno 28592.4&.12..4 098 z)h_. lT.h_. 5_.(..4

¥ .00 T
m7997 57077#797919 6980809m8588uu87 88869mu

.4911_.4 9#852&.9“5662815900812023 _|4680=)2992lh.85

1
nm 65657558mh728979987&TL9778u78_698857hh7h899
A A0t ol 6 DA 4 10 N0 D QO bt AN
Wm 89mm @ OO\ W 98% 1@79898&@9%07790ﬂ358u889
g
O Ny - b=0) O | KO - B0 N OVE=O 1. KO KA K\D
G R R T L e S S e R N SRRt sy
r
..Vﬁ i -l — llllllm Ellummlll_l-l_m—l r A
ol 2O OC AN AN ALENAONNY OHE CMOK  HEr 50 HNQ D 0N
W@ qal A .1254_11111121 A T HodAl THAd ‘aAaA A -

Wavelength,
hin ]

Landing
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TABLE V

DATA CBTAINZD DURING LANDINGS IN 4-FOOT WAVES

[ﬂ = 40°%; all values sre full-gcale; inftial landing trim = S‘ﬂ

At paximmm acceleration

radians /aec2

" “ 758 5715288-455751)0 —:..22!4 56 162852
“ .5-4.4 91557094626867776 9750.&68 96

O ) BN 0737792 D H A INO KQ 1 N\
16 NG 0 BB M) vt 5956 .58 558 sy

Ays
g units

6 058.&.66 08 76657778 510—(9-48 122 -.Inu/asln: 1851 7622.422622 956 5825005995.&.
555:).4.414 55.!..4 536 55 46 556.". —.:lP_h 55557-4 —32 52 57-2 2|¢.E __).Jh_. 2h-. 5-35.4.4 3__).&. 56 52.46|4.

7
deg

6252 “ 986 18 515.& 38660.466 968:4 0233736\4122 9092 058 550_7422 95522—;51 9lR~
6 7-.._. 9 _6 968 .758 la -.14 7.1 7906 05\& 96 778 97-66.43 Tl 9.48 966 2 __)6 =/6 -f‘u 8 7768 77666

Vs

krots

5025075086 1)28 4 0605552 TOOETB .3—‘551).". 28 7752 550508508 nuz)BG o\ J:.-JO-D:)_D.B.

M5B SE %ﬁ&W%ﬁmaﬂ%%%ﬁ%&&ﬁ%%%&W%WW&7%&ﬂHmd%&@9M@%%M%W$mﬁwmﬁﬂil7

£t /min

Vor

T
deg

b=t~ =l =NV KO 5551 5557-{.1 lou 2 -30 152.4 2 75 9__)52 7.12377# __)l.h. ?l 56 7056 7-63

1525L3|42=1h~1_5512.41.__57 L2 85 2!_.225:46521_1_.412 ._524222522-41_._2261._22

Wavelength,
£t

C

180
18c
180
180
-80
180
180
180
180
180
180
216
216

"6
216
216
26
216
216

26
216
216
216
216
216
216
216
216
216

52
a2za
252
252
252
252
252
252
2
252
252
288
288
288
288
238
288
288
288
288
324
32k
32k
32k
324
32k
32k
324
32k

Larding

QK R IO =0 VO o M K WD B0 03 O =1 ] MV 1IN0 =+ 1\ O QM NN B0 ¥ VO O K- 10 K \D By
by GAYNANANE RN ORI ERANRKRARRRAI Y2 o252 * 2RANRAR* RER
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TABLE VI
DATA OBTATNED DURING LANDINGS IN 4-FOOT WAVES

I:p = 60°% all velues are full-scale; initiel landing trim s aﬂ

Ty
radians/sec?

7.1_ 36 26‘4 793.4 55714 797757.9-4 2 H 2888 77.26|4-4 Tl 7.1 3286‘4 D_L. 06|46 1.4.&.6 rl
58857.2L.B 56'&68 5.4L352.4 56 75.&.5665..46.&..4 56&.252 7562 3-4.422 52 z):Jh. z)L.

Ty
its
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(v) B = koO.

(e¢) B = 60°.

Figure l.- Photographs of models.
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Figure 2.- Hull lines of test models.

TCHOCT W VOVN

6T



20

SONRERENS NACA RM L56H21

Figure 3.- General arrengement of test configuration.
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Figure 4.- Trim limits of stability.
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Figure 5.~ Variation of trim with speed, center of gravity at 28 percent
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Figure 6.- Meximum amplitude of porpoising at different positions of the
center of gravity. B = 20°, LoC°.
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Figure 8.- Variation of meximum amplitude of upper-limit porpoising with
elevator deilection at various center-of-gravity positions; B = 60°.
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