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HAVING CONCAVE-CONVEX TRANSVERSE SHAPE AND
STRATGHT OR CURVED KEEL LINES

By Philip M. Edge, Jr.
SUMMARY

As part of an investigation of hydrodynamic impact loads on chine-
immersed bodies of heavy beam loading, three narrow-beam models of concave-
convex transverse shape and having, respectively, a straight keel, a curved
bow, and a curved stern were tested at the Langley impact basin. The tests
were made over a wide range of trim and initiel-flight-path angles. Most
of the landing impeacts were made at a beam~loading coefficient of 18.77
with a few impacts at beam-loading coefficlents of 27.39 and 36.15. The
investigation was conducted primerily in smooth water; however, a few
impacts with the curved bow were made in rough water.

The impact-loads data are presented in tables, and the derived coef-
ficients of loads and motions are presented in figures as the variation
with initial-flight-path angle. The experimental effects of transverse
and longitudinal curvetures agree reasonsbly well with those predicted
by theory. The concave-convex bottom, which was similar to shepes con-
sidered as being of constant-force type, ylelds slightly higher peak loads
than a narrow-beam model having conventional vee bottom of equivalent angle
of dead rise, with the possible exception of certain rough-weter-impact
conditions. The effect of stern curvature for the configurations tested
is greater than the effect of bow curvature. The rough-water loads were
found to be much grester than smooth-water loads for similer initial Impact
conditions and were in reasonable agreement wilth loads obtained from theory
when the flight-path angle, velocity, and trim aengle relative to the wave
slope were used.

INTRODUCTION

In previous investigatione of hydrodynemic impact loads on chine-
immersed bodies of heavy beam loading, experimental data were cbtained
for straight-keel models of flat and vee transverse shapes. These data
were presented in reference 1 for a model having 0° angle of dead rise
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(flat bottom) and in reference 2 for the vee-shape model with 30° angle
of dead rise. A theoretical method for predicting the impact loads on
chine-immersed models having straight keel lines was developed and pre-
sented 1n reference 3. The values predicted by this method, which is
based on the application of planing data, were shown to be in falrly good
sgreement with the experimental data for 0° and 30° angles of dead rise-

The present—investigation extends the study of impact loads on chine-
immersed prismatic bodies to transversely curved models with and without
longitudinal curvature and includes a brief study of impacts in rough
water. ' o

The models used in the investigation were of concave-convex cross
section, being convex near the keel with & reversal in curvature toward
the chine. This shape was based on designs for which planing dats were
avalleble. It so happened that this shape closely spproximates configura-
tions which have long been of interest as a possible approach to a
constant-force time history during certein impact processes, particularly
full-length zero-trim impacts of non-chine~immersed bodies. Studies of
such impacts and configurstions were made by Wagner in 1932 (ref. 4) and
were continued in 1950 by Bisplinghoff and Doherty at the Massachuetts
Institute of Technology (ref. 5) and in 1954 by Schulz at the Colorado
Agricultural and Mechanical College (ref. 6). Since the transverse shape
used in the present investigation is similer to those developed as
constant-force-type bottoms, the data obtained in these tests may be con~
sidered to be indicative of the loads experlenced by a chine-immersed
model having & constant-force-type bottom tested with forward speed over
a renge of trim angles and flight-path angles. A brief discussion of some
factors involved in such & comparison is included in this paper.

Three different configurations were tested wlth the same concave-
convex transverse shape-but with different longitudinal profiles - a
straight keel, & curved bow, and & curved stern. The investigation con-
sisted of a series of-hydrodynamic impacts at the Iangley impact basin
for each of the models tested. The impacts were made over s range of
trim and initlal-flight-path angles at—a beam-loading coefficient of—
18.77 in smooth water; however, a few smooth-water impacts were made at
beam-loading coefficlents of 27.39 and 36.15 on the straight-keel and
curved-bow models and a few rough-water impacts were made on the curved-
bow model st & beam-losding coefficilent of 18.77.

This paper presents the data obtalned in this impact-loads investiga-
tlon of—chine-immersed modéels having concave-convex transverse shepe and
stralght or curved keel lines. The meximum loads cbtained are compared
with those predicted by theory for the straight-keel case. The effects
of transverse and longitudinal curvature are indicated, and a brief anal-
ysis 1s made of the rough-water impacts. '
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SYMBOLS

T flight-path angle relative to undisturbed water surface, deg
p mass density of water, 1.938 slugs/cu ft
T trim angle, deg
Te equivalent trim angle, deg
b model beam, Tt
e wave slope st point of contact, deg
g acceleration due to gravity, 32.2 f£t/sec®
t time after contact, sec
W dropping weight, 1b
nj impact load factor normel to undisturbed water surface, E“}—’
X veloclty <;f model parallel to undisturbed water surface, fps
z draft of model normal to undisturbed weter surface, ft
z velocity of model normal to undisturbed weater surface, fps
My pitching moment referred to step, 1lb-ft
Fn hydrodynamic force normal to keel, 1b s
v resultant velocity of model, fps
Py vertical component of hydrodynamic force, 1b

t 1ift coefficient By
Cy, impact 1 coefficient, %onebe = %pvozba
Caq draft coefficient, %
CV vertical-velocity coefficient, -::
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, Vot—
Cy time coefficient, -
Ccp center-of-pressure coefficient,
Center of pressure measured from step
b
C pitching-moment coefficient; __EZ;__
. LoV, 203
2PVo
W
Ca beam~-loading coeffilcient,
pgb?
Subscripts:
o) at water contact
8 referred to step (stern of model)
nmax maximum
W referred to surface of wave
APPARATUS

The impact-loads investigetion reported herein was conducted in the
Langley ifipa¢t basin. A description of this facility and its equipment
ls given in reference T.

Models

Two basic models were used in the tests: a longltudinelly straight
model 12 feet long and & model 10 feet long with the aft 5 feet straight
and the forward 5 feet pulled up along an arc of l0-foot radius. The
basic models were of light-sheet-metal construction with a bottom of wood
covered with fiber glass being installed for this investigation. The
models were equipped with a concave-convex transversely curved bottom
with a beam of 1 foot. This bottom section consisted of a rounded keel
of 3.4-inch redius and a concave curvature extending to the chine. Pro-~
fliles of these models are presented in figure 1 and a cross-sectional
view of the concave-convex bottom is shown in figure 2. Although the
shape tested in this investigatlon was not developed as a constant-force-
type bottom, its shape curve i1s between those for shapes developed as
constant-force bottoms by M.I.T. and Colorado A. & M. College (fig. 3).
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The models as tested are shown mounted on the impact-basin carriage
in figure 4. TFigure 4(a) shows the longitudinally stralght model. Figures
L(b) and 4(c) show the longitudinally curved model mounted, respectively,
as & curved-stern model and as & curved-bow model. The model was attached
rigidly to the carriage beam through & load measuring dynemometer and was
held fixed at each trim angle throughout the impact by this mounting.

Instrumentstion

The instrumentation used consisted of a multi-channel oscillograph,
accelerometers, a dynamometer, water-contact indicators, an optical wave-
height recorder, and electrical plckups for measuring displacements and
velocitles. All measurements were recorded on the oscillogreph except
the wave height which was recorded separately.

Accelerations in the vertical direction were measured by three oil-
damped straln-gage-type accelerometers having undamped natural frequencies
of 60, 75, and 120 cycles per second. The outputs from these accelerom-
eters were recorded on three galvanometers having frequencies of 17, 100,
and 800 cycles per second, respectively. The values obtained with these
accelerometers were compared, and, in tests in which there was no evidence
of attenustion due to frequency response, the measurements from the lower
frequency accelerometer were considered velid. In this menner, extraneous
structural vibrations were eliminated by electrical falring. ILoads normal
to the deck of the model and pitching moments sbout the forward attachment
point were obtained from a strain-gage dynamometer mounted between the
model and carriege boom. These megsurements were corrected for the dis-
tribution of mass and center of gravity of the parts located below the
dynemometer and those for the pitching moment were referred to the step.
Only the corrected values of loads and moments about the step are pre-
sented. The initial contact of the model with the water and the rebound
of the model from the water were determined by means of an electrical
circult completed by the water. Horizontal velocity was computed from
photoelectric~cell measurements of horizontal displacement. Vertical
veloclty was obtained by electrical differentiation of a slide~wire ocutput
which measured vertical displacement. '

The wave-height measurements were cbtained from en NACA optical wave-
height recorder which consists of a mercury arc lamp and a standard NACA
film drum mounted in an instrument housing. The light from the mercury
arc lamp is passed through a lens system which focuses s smell imege on
the water surface. The image formed on the water surface is recorded by
the film drum which 1s located so that the rise and fall of the waber
surface result in the trace moving ascross the film. The wave-height
recorder was mounted in the nose of the carriage and measured the wave
height just forward of the model. The wave-helght record was correlated
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with the oscillograph record by means of a common timing impulse on each
record. The NACA optical wave-height-recorder 1s described in detail in

reference 8. -

TEST PROCEDURE

This investigation consisted of & series of impacts in smooth water
with each of the three models (stralght keel, curved bow, and curved stern)
and a few impacts in rough water with the curved-bow model. The smooth-
water impacts were made at fixed trim angles and under conditions covering
a wide range of trim engles and flight-path angles at a beam-loading coef=
ficient of 18.77. Impacts were made at beam-loading coefficients of 27.39
and 36.15 st 8° trim over a range of flight-path angles for the straight-
keel and curved-bow nodels 6nly. The five rough-water tests were made at

a fixed .trim angle of 8° at-flight-path angles from 1.5° to 7° forlthe

curved-bow model at a beam-loading coefficient of 18.77 in weaves lE feet
by 40 feet. The test conditions covered by the investigation are given

in teble I. The forward speeds ranged from 20 feet per second to 95 feet—
per second and the initial vertical velocity ranged from approximately

5 feet per second to 13 feet per second. Throughout- the immersion a 1lift
force equal to the total weilght of the model and drop linkage was exerted
on the model by means of the 1lift—engine described in reference 7.

In order to check the consistency of the behavior of the instrumenta-
tion and equipment, at frequent intervals during the investigatlon repeat-
impacts were made with the test conditions as nearly identicael as possible.
The dete cbtalned from these repesat lmpacts showed that no significant
change occurred in the performance of the equipment and instrumentation
during the investigation. ,The data obtained in these repeat lmpacts were
aversged for each model and only these average values for each model areée
presented.

THEORETICAL COMPUTATIONS

In order to obtain theoretical impact loads for comparison with the
data obtained in this investigation, the maximum impact loads were com-
puted over the range of test conditions of this investigation by means of
procedure 3 of reference 3. Procedure 3 is a theoretical method for deter-
mining smooth-water landing loads on bodies of arbitrary cross section
for which experimental planing data are avallable. Planlng data cbtained
at Langley tank no. 2 with a straight-keel model having the same cross
section as the model of this investigation were used in these computations.
Therefore, the impact loads determined in thls manner were for the same
conditions as the straight-keel runs of—thils Ilnvestlgation. The maximum
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impact 1ift coefficients predicted by this method are shown in figures 5
and 6. Figure 5 shows the maximum impact 1lift coefficient plotted

ageinst angle of trim for each of five flight-path angles for the straight-
keel model at a beam-loading coefficient of 18.77. Since planing date
were aveilsble only for trim angles of 4°© to 20°, the theoreticel curves
of figure 5 were extrapolated below 4° to 2°, as indicated by the dashed
portion of the curves. By means of thls extrapolation, theoretical values
were obtalned for comparison with the deta obtained at 3© trim. Further
extrapolation of these curves was considered too inaccurate to be of use
at trim angles below 3° or appreciebly sbove 20°,

From figure 5 several interesting observations can be made in regard
to the variation of maximum impact load as predicted by theory with flight-
path angle and trim engle. At low flight-path angles (10° and below),
the angle of trim has little effect on the maximum impact load. At high -
flight-path aengles (ebove 15°), the load increases repidly as the angle
of trim is reduced below 8°. At higher angles of trim (gbove 8°), the
impact load is affected very little by changes in trim angle.

The effect of beam loading on meximum impact 1ift coefficlent is
shown in figure 6, wherein maximum impact 11ft coefficient 1s plotted
agalnst inltiel-flight-path angle for the straight-keel model at 8o
trim for beam-loading coefficients of 18.77, 27.39, and 36.15. This
figure shows that, as the beam loading is increased, the meximum impact
11ft coefficient becomes less sensitive to increases of Initial-flight-
path angle. :

Since theoreticel predicted loads are not avallable for curved-bow
and curved-stern models, the curves of figures 5 and 6 for the straight-
keel model were used throughout this enalysls for comparisons with experi-
mentel data obtained for each model.

EXPERTMENTAT, RESULTS AND COMPARISONS WITH THEORY

The experimental data obtailned in this Investigation are presented
in tebles IT and III for each series of impacts made. As a means of
analyzing these results, the data were converted Into dimensionless coef-
ficient form. In this manner the results obtained for each impact can be
compared with results of all the other impacts, with trim and flight-path
angles being the only varisbles for a given bottom shape, beam loading,
and seaway condition. The meximum lmpsct 1ift coefficient, the impact
1ift coefficient at the instant of maximum draft, the draft coefficients
at the instants of maximum acceleration and meximum draft, the vertical-
velocity coefficients at maximm acceleration and &t rebound, the time
coefficients at maximum acceleration, maximum draft, end rebound, and the
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piltching-moment—coefficient and the center-of-pressure coefficlent—at
maximum accelerstion were computed from the experimental data. These
experimental coeffilclents were plotted against initial-flight-path angle
for each angle of trim, and_typical variations for each series of impacts
made are presented.

Stralght~Keel Model

Experimental values of the aforementioned coefflcients were calcu~_ .
lated for each of-the impacts with the straight-keel model, and these
coefficients are plotted sgainst the inltlal-flight-path angle in fig-
ures 7 to 18. These data are presented for five trim angles (3°, 8°,

159, 20°, and 30°) of the six trim angles tested at Ca = 18.77 and for
the only trim angle (8°) tested at Cp = 27.39 and 36.15. The trend

of esch coefficlent with initial-flight-path angle I8 shown by a line
faired through the data points on each of the figures.

In addition to the experimentel data, the maximum impact-1ift coef-
ficient as predicted by theory (fig. 5) is shown in figures 7 and 8.
The curves of figures 7 and 8 indicate that the agreement between loads
obtained in this investigation and those predicted by theory 1s excellent
for 8° angle of trim at all three beam loadings tested; however, the loads
predicted by theory for 3° and 20° trim angles are somewhat low, the the-
oretical data at 20° trim being almost 10 percent less than the experi-
mental data. It 1s noted that the data obtained at 3° trim angle are
limited to flight-path engles below 14° and that the theoretical varistion
at:3° trim angle was taken from the extrapolated portion of the curves
in figure 5.

Several observations can be noted from these variations of the coef-
ficients with initial-flight-path angle. From figures T, 9, and 13 1t
is observed that, as the angle of-trim is Increased from 3° to 20°, the
coefficlents of impact 1lift, draft, and time approach the same values for
the instants of mexinmum acceleration and meximum draft; that 1s, as the
trim angle is increased toward 30°, the instants of maximum acceleration
gpproach the instants of maximum draft during the impact process. This
observetion is also apparent in figure 11 where the yeloecity at maximum
acceleration is slightly reduced and the rebound veloclty is Increased
(negatively) as the trim angle 1s increased to 30°, Itis further cobserved
from figures 15 and 17 that, as the trim angle 1s increased from 3° to
300, the center of pressure at the instant of maximum scceleration moves
toward the step, and the pitching moment sbout the step 1s reduced. The
effects of beam loading cen be cbserved from figures 8, 10, 12, 1k, 16,
and 18. These flgures show that, as the beam-loading coefTicient ise
increased from 27.39 to 36.15, all the coefficients increase in value with
the exception of the impact 1ift coefficient at maximum draft-(fig. 8)
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and the vertical-velocity coefficients at maximum acceleration and at
rebound (fig. 12); for these coefficients little effect of beam loading
is indicated over the range of initial-flight-path engle tested.

Curved~-Stern Model

Experimental values of the coefflcients were celculated for each of
the impacts made with the curved-stern model in smooth water at five trim
engles tested, the trim angle being measured as the angle of the tangent
at the stern. It i1s noted from figure 1 that the angle of the tangent
at the stern is 30° to the angle of the bow helf of the bottom. However,
the angle of the bow portion of the model is of little consequence over
the range tested since only the curved stern is involved during most of
the immersion process. Because the profile of.the curved stern is that
of a circular arc, the varlous angles of trim tested are of significance
primerily from the standpoint of the effect of the location of the ter-
mination of the circular-arc profile. The point of termination was varied
from 22° aft of vertical to 16° forward of vertical with impact being made
at corresponding angles of trim of -22°0, -1L4°, @°, 89, and 16°,

Variations of the coefficlents with initial-flight~path angle are
presented in figures 19 to 24 for the curved-stern model. In general,
these variations indicate that the scatter among the experimental dats
is very small for most of the trim angles. In perts (d) and (e) of fig-
ure 19, a comparison is made between the values of meximum impact lift
coefficient for the curved-stern model and the experimental and theoreticsal
values for the straight-keel model. Inasmuch as the maximum load is not
significantly affected by a 1° change in trim (fig. 5), the curved-stern
date are for an angle of trim of 16° and the straight-keel data are for
an angle of trim of 15° (fig. 19(e)). These comparisons indicste reduc-
tions In meximum load at high initial-fiight-path engles for the curved-
stern model at angles of trim of 8° and 1605 however, these flgures show
that at maximum draft the loads on the curved-stern model are grester
at 8° trim and sbout the same at 16° trim as those on the straight-kKeel
model. It is noted from flgure 19 that, as the trim angle is increased
from -14° to 16°, the variation of maximum impact 1ift with initial-
flight-path angle remains gbout the same; however, the impact 1ift at
maximum draft increases and aepproaches the maximum 1ift at 16° trim.

The varistion of draft coefficlient with initlal-flight-path angle
is shown In figure 20 to be insignificant as the trim angle ls increased
to 169, In figures 20(d) and 20(e) the draft coefficients cbtailned for
the curved-stern model are compared with those of the straight-keel model
and fairly close agreement is shown. '
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Figure 21 shows that the vertical-velocity coefficient at maximum
acceleration 1s only slightly affected at high flight-path angles by trim
angle; whereas, a reduction in vertical-veloclty coefficient is indicated
at low flight-path angles as the trim is increased to 16°. Increased
(negatively) rebound velocitles are indicated, however, as the trim is
incressed to 16°. From figure 22 it ls cbserved that as the trim is
increased there is little effect on time at meximum acceleration, a slight
decrease in time at maximum draft, and a definite—decrease in time at
rebound. -

Figure 23 shows that the center of pressure moves toward the step
as the trim is increased to 16°; whereas, in figure 24 a decrease in
pitching moment sbout the step 1s indicated only as the trim is increased
fram -14° to 0°. :

Cuxrved-Bow Model in Smooth Water

Experimental values of the coefficlents were calculated for each
of the impacts made with the curved-bow model in smooth water; these
coefficients are plotted against the initial-flight-path angle in fi es
25 to 36. These data are presented for Ffour trim .angles (-3°, 3°, 8°,
and 16°) of the seven trim angles tested at C, = 18.77 and for the only

trim engle (8°) tested at Cp = 27.39 and 36.15.

The experimental values of maximum impact 1ift coefficient-for the
curved-bow model are compared in figures 25 and 26 with the varilation for
the straight-keel model as predicted by theory (figs. 5 and 6) and as
obtained experimentally (figs. 7 and 8). These data show that the experi-
mental losds tend to lie slightly below the verlation obtained for the
straight-keel model. This reduction in meximum load 1s believed to be
caused by the immersion of the curved bow. The effect of bow immersion
can be analyzed from the variation of draft coefficient with initial-
flight-path angle as shown In figures 27 and 28. Included in these
figures is the draft coefficlent &t which geometric bow immersion occurs
for each angle of-trim. It is observed from flgure 27 that at a beam-
loading coefficient of 18.77 bow immersion occurred before maximum accel-
eration for all impacts made at or below 3° trim angle; whereas, bow
immersion occurred before maximum acceleration for those lmpacts made at -
8° trim angle sbove an initisl-flight-path angle of 12°. Although bow
irmmersion occurred before maximum scceleration at or below 8° trim angle,
figure 27 shows that less than one-half of the immerslon before maximum
acceleration at 3° trim involved the bow and even less than one-half was
involved at 8° trim. The effects of bow immersion on meximm load at
these trims, therefore, are expected to be small, as shown Iin figures
25(b) and (c). The experimental date plotted in figure 25(d) show that
values of maximum impect 1ift coefficient for the curved-bow model at 16°
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trim lie a little below the experimental varistion cbtained for the
straight-keel model at l5° trim and a lilttle sbove the variation predicted
by theory for the straight-keel model at 16° trim. With this experimental
scatter, agreement with the values cbtained for the straight-keel model
appears reasonsble since there should be no effect of bow lmmersion
present. .

From figure 28 it can be observed that, at beam~loading coefficlents
of 27.39 and 36.15 &t 8° angle of trim, geometric bow immersion occurred
before maximum acceleration at initial-flight-path angles of about 6.5°
and 5.4°, respectively.

Seversl observations can be made from the variation of vertical-
velocity coefficient, time coefficlent, center-of-pressure coefficient,
and pitching-moment coefficient with initial-flight-path angle as shown
in figures 29, 31, 33, and 35, respectlvely, for the curved-bow model in
smooth water at several trim angles at a beam-loading coefficient of 18.77.
As the trim angle is increased from 3° to 16°, the time coefficient at
meximum draft and at rebound (fig. 31) and the pitching moment ebout the
step (fig. 35) decrease and the center of pressure moves toward the step
(fig. 33). For this same range of trim angle, the vertical-veloclty coef-
ficient at maximum acceleration decreases, and at rebound Cy increases
negatively (fig. 29).

In generel, the effect of increasing the beam-loading coefficient
from 27.39 to 36.15 for the curved-bow model in smooth water at 8° trim
is shown to be an increase in time, in location of center of pressure
from the step, and in pitching moment sbout the step. (See figs. 30,
32, 34, and 36.) The vertical-velocity coefficlent is affected less and
shows only a slight increase at meximum acceleration and very little
change ap rebound. :

Curved-Bow Model in Rough Water

Experimental values of the coefficilents were calculated for each of
the impacts made with the curved-bow model in L&-'by 4o-foot waves; these

coefficients are plotted against the initial-flight-path angle in fig-

ure 37. This figure shows that in rough water there is wide scatter of
the data and that a simple variation with initial-flight-path anglie 1s

not estsblished. The scatter shown can be attributed largely to the
varistion of the location of the impacts along the wave profile. The
variation of maximum impact 1ift coefficient with location of the impact
along the wave profile is illustrated in figure %8 wherein the location

of the stern at the instant of water contact on an average wave profile

is ghown. Although there were small localized variations in wave proflle
from impact to impact, the wave sizes and shapes were essentially the same.
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The locetions of the impacts along the wave profile were taken into
account by using the slope of the wave surface at the point contacted -

by the model. When the values of these slopes were subtracted from the
fixed trim angle of 8° y the angle of trim relative to the water surface
was found to range from 3.0° to 6. 9 « In order to obtain the initlal-
flight-path angle relative to the surface of the moving wave, the velocity
of the wave was added to the model velocity and the flight-path angle
computed by using this total velocity was dbtained relative to the wave
surface by addition of the wave slope.

The maximum impact 1ift coefficient was recomputed by using the
velocity relative to the wave and these values of meximum impact 1ift
coefficient are plotted against the initial-flight=path angle relative
to the wave in figure 39. These values of maximum impact 11ft coefflcient
are compared 1ln this figure with the variations of meximum 1ift predicted
by theory for the stralght keel at-the upper and lower limits of trim
angle (3.0° and 6.9°) relative to the water surface. This comparison
shows that, although only a few tests were made over a smsll range of
initial-flight-path angle, the variations predicted by theory for the
maximum and minimum engles of trim relative to the wave are in falr agree-
ment-with the experimental values.

DISCUSSION OF RESULTS

The primary purpose of this investigation is to extend previous
studies of impact loads on chine-immersed bodies of flat or wee cross
section to the case of transversely curved bodies-with and without longi-
tudinal curvature. The data are of interest alsc to the problem of loads
on constent-force-type bottoms. As already noted, the studles of refer-
ences 4, 5, and 6 were concerned with the speclal case of-full-length
zero-trim Impaects without chine immersion; however, the results of the
present tests deal with quite different—lending conditions of trirmed
impacts involving spprecieble chine immersion. Therefore, the results
of the present Investigatlion and those of the aforementioned studies are
not directly comparsable.

In the following sections, a discussion of some of the effects of
transverse and longitudinal curvature on maximm hydrodynamic loads nmeas-
ured in thils investigstlion 1s presented along with a brief discussion of
the loads measured in the few rough-water impacts.

Transverse Curvature

Previous impact-basin investigations of transverse shapes on narrow-
beam mcdels have dealt only with flat-bottom models and vee-bottom models
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having 30° angles of dead rise. These loads data were glven in references
1 and 2 and were shown in reference 3 to be in reasonsble agreement with
loads predicted by theory. The present investigation in the Langley
impact basin is the first with models having bottoms of transverse curva-
ture. A comparison of the results presented in this report indicates
reasongble agreement between loads predicted by theory and loads measured
during actual impacts with forward speed for the constant-force-type
transverse shape tested.

Inasmuch as experimental verificatlon of the theory has been obtained
for the flat bottom, vee bottom, and the constant-force-type bottom, the
meximum loads as predicted by theory cen be used as a means of comparing
the loads for the three bottom shapes. The maximum loads predicted by
theory for these three transverse shapes are presented in figure 40 as
the variation of meximum impact 1ift coefficlent with angle of trim for
each of three initial-flight-path angles. The theoretical curves were
obtained from computational procedures in reference 3. The solution for
the vee bottom was for 17° dead rise, which is the approximete average
angle of dead rise of the constant-force-type bottom tested. The com-
parison shown in figure 40 indicates that, at the low initial-flight-
path angle of 5.50, the maximum load on the constant-force-type bottom
is almost the same as that on the vee-bottom model having 17° dead rise
except at very low angles of trim. At high Initisl-flight-path angles
and at high trim angles (ebove approximately T = 7° at 25° r,), the
constant-force~type bottom yields greater loads than those predicted for
e vee bottom of 17° dead rise. This figure indlcates that, when compared
with the vee bottom, the constant-force-type bottom shows a reduction in
maximum load only at low angles of trim. This reduction at low trim angle
appears more pronounced at the higher initlal-flight-path angles. When
the flight-path angle and trim angle are referred to the water surface,
the high-flight-path-angle end low-trim-angle portion of figure 40 repre-
sents the landing condltions of rough-water landings where the seaplane
is landing on the inclined surface of a relatively long wave; whereas,
the low-flight-path-angle end high-trim-angle portion of this figure rep-
resents smooth-water landings or impacts on the back surface of a long
wave. This comparison (fig. 40), therefore, indicates that, although
slightly greaeter pesk loads would be experienced by the constant-force-
type bottom in smooth water than by the vee bobttom with an egquivalent
angle of dead rise, a reduction in peak load might be expected under cer-
tain conditions of rough-water landings.

Longitudinal Curvature

The incorporation of longitudinal curvature especially in the bow
region of seaplane hulls has been wldely used; however, little experi-
mental data have been obtained in order to isolate and to determine the
effect of longitudinal curvature on maximum impact loads. Results
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obtained from impact-basin tests of a narrow-beam model having a curved
bow and straight stern and of the same model with a straight bow and
curved stern are presented in this section. Also presented are results
obtalined from impsact~basin tests of a narrow-beam stralght-keel model

of the same type bottom. If—the loads data or the theoretically predicted
values of maximum load for the stralght-keel model are compared with the
maximum loads obtained on the longltudinally curved models, the effect

of longitudinal curvature can be Iindicated.

The results presented for the curved-bow model showed the maximum
loads to be slightly less than the mexlmum loads obtained for the straight-
keel model (fig. 25). However, the results presented for the curved-stern
model showed the meximum-load data to be apprecisbly less than the loads
predicted by theory for the stralght-keel model having the same value
for the trim angle as that for the angle of-the tangent at the stern
(fig. 19). The small effect of-bow curvature on the maximum impact loed
is explained by the fact that most of the impact process 1nvolves only
the straight portion of the model and the curved portion becomes involved
too late to affect greatly the maximum load (figs. 27 and 28); however,
since the curved portion of the curved-stern model is involved from the
Instant of water contact the load 1s affected throughout the impact
process.

An effort—was made to analyze the effect of longitudlnal curvature
on meximum impact load. It was gpparent thaet longlitudinal curvature can
be compared to landing at an increased angle of trim. From the charac-
teristic variation of maximum impact load with trim angle (fig. 5), it
is observed that longitudinal curvature (incressed trim angle) would be
of greater consequence in the low trim-angle range than at the high trim-
angle range.

As a means of comparing the maximum loads on a longitudinally curved
model with those on a longitudinelly straight model, an equivalent angle
of trim was chosen for each trim angle except for -22° , the angle &t which
the range of flight-path angle was too small to obtain a comparison
(fig. 19). This equivalent trim engle was taken as the average of the
trim angles along the immersed portion at the Instant of maximum load.

For -14° angle of trim, the equivalent trim angle was the average of the
trim angles of the immersed portion from the forward water line to the
point~of maximm draft. In this manner, the negative curvature at the
rear of the model was consldered to have little effect on the load. The
meximum loads are shown in figure U4l; in this flgure maximum impact lift
coefficient 1s plotted sgainst initiliael-flight-path angle for four of the
trim angles tested. These experimental values are tompared with those

of meximum impact 1lift coefficient predicted by theory for a stralight-
keel model at the average equlvalent trim angle for each trim angle shown.
For most of the_dmpacts, the equivalent trim angle was approximately the
same as the given angle of trim except for T4 = =149, the angle at which
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the equivalent trim angle varied between approximately T7° and 11°.
Although the scatter is large at Tg = -14° , the general sgreement of
these experimental loads with the maximum impact loads predicted by theory
indicates that these loads can be approximated by use of the aversge trim
angle of the curved portion at the time of maximum load.

Rough Water

The resulting maximum impact loads from the five rough-weber impacts
were presented in figure 37 as the varistion of maximum impact 11ift coef-
ficient with the initilal-~flight-path angle and In figure 39 as the varia-
tion of meximum impact lift coefficient relative to the wave surface with
the initial-~flight-path angle relastive to the wave surface. These figures
show that the meximum impsct loads are greatly dependent upon the seaway
and that, by teking into account the wave velocity and slope, a trend of
the load with initlsl-flight-path angle can be established relative to
the wave. : :

If the wave velocities are assumed to be approximately the same for
each of the impacts at 8° trim angle , the slope of the wave at the point
where the impact occurs becomes an important parameter in determining the
maximum impact load. In order to illustrate the effect of rough water
in terms of wave slope, the meximum impact 1ift coefficlent obtained from
the experimental data was divided by the maximm impact 1ift coefficlent
predicted by theory for smooth water under identical landing-approach
conditions and this rabio was plotted egainst wave slope at the point of
contact (fig. 42). This figure shows that the increase in load due to
rough water can be several times that due to smooth water and that the
amount of load increase varies with wave slope for the conditions of
these impacts. In regard to the landing condltions of these impacts, it
is noted that the ratio of wave length to model length is U4, that all
the impacts occur on the forward flank of the wave, and that the wave
slopes approach the trim angle of the model (8°). This increase in load
as the trim angle of the model spproaches the slope of the water surface
i1s in general sgreement with the theoretical variation of meximum load
with trim angle as shown in figure 5.

If the flight-path angle, trim angle, and veloclty relative to the
sloping wave surface are used, the impact process is rotated and treated
as smooth-water-impact conditions for the purpose of predicting the maxi-
mum impact loads. In figure U3, load coefficients relative to the wave
are plotted against load coefficilents calculasted for these smooth-water-
impact conditions for each impact from theory. Considering the limited
data and wide scatter, this figure indicates that the meximum loads pre-
dicted by rotating the sxis and applying smooth-water theory are in sub-
gstantisl sgreement with the measured loads of this investigation.
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Observetlions on the Constant-Force-Type Bottom

The close similerity of the model tested to shapes derived to obtain
constant-force impact loads for the idealized conditions of-zero trim,
vertical drop, and no chine immersion permits speculation on the maximum
impact-loads that might be expected on such configurations under the more
realistic conditions of forward-speed lendings with trim angle and chine
Immersion. The-data of this investigation have shown that at low trim
angles and high flight-path angles (i.e., conditions almost the same as
those for the idealized case) lower meximum impact loads sre indicated
than would be predlcted for a vee bottom of the same aversge dead~rise
angle. However, for other landing conditions more representative of
those that would be encountered in normal seaplane operations, the maximum
loads experienced by the constant-force-type bottom are greater than those
which would be predicted for the vee-bottom hull. Although it might be
possible to design s shape to give a substantially constent impact force
for any given landing condition, for routine seaplane operations such a
design might result in en irregular load time history for meny types of
impacts, with the possibility of higher peak lcads than for the
conventional-vee-bottom hull.

CONCLUSIONS

An analysis of experimentel data obtained in an impact-basin investi-
gation of a concave-convex transverse-shape bottom mounted on narrow-beam
models having straight and curved keel lines leads to the following
conclusions:

l. For conditions of this investigation, the maximum impact loads
experlenced by the concave~convex or constant-force-type bottom are
gregter than those predicted for the conventional-vee-bottom model of
equivalent dead-rise angle for typical smooth-water conditions. Although
there are indications of possible load reductions under certaln rough-
water conditions, the results obtained show that, in general, the curved
surface of the bottom tested yields meximum loads that are similar to
the maximum loads to be expected with the vee bottam of .equlvalent angle
of dead rise.

2. Ioad on irregular-sheped nerrow-beam models of the constant force
type tested can be computed with reasonsble accuracy by using procedure 3
of NACA Technical Report 1152 provided that the necessary planing data
are availeble. The loads predicted by theory, however, are less than

those cobtalned in experiment for high angles of trim, by slmost 10 percent“——

at 20° angle of trim.
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3. The effect of longitudinal curvature of the forward half of the
model was a slight reduction in loads for tests in which the curved bow
was immersed.

b, Iongitudinal curvature of the stern half of the model results
in a significant reduction in maximum impact loads as compared with loads
obtained for the straight-keel model. The meximum loads obtained were
approximately the same as those that would be predicted for a straight-
keel model at the average trim angle of the curved portion involved at
the time of maximum load.

5. Meximum impact loads obtained in the five rough-water impacts
indicate possible maximum loads several times those experiericed in smooth
water for the same approach conditions. The severity of these 1éads was
shown to vary with the slope of the portion of the wave contacted by the
model. Theoretical spproximation of loads of the type experilenced by
these impacts was shown to be possible by using the flight-path angle,
veloclty, and trim angle relative to the slope of the wave surface
contacted.

Langley Aeronasutical Laboratory,
Netional Advisory Committee for Aeronautics,
Fangley Field, Va., November 13, 1956.
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TABIE I

TEST CONDITIONS

Beam- .
losding | Weight, Trim engle, Initial-flight-| Number
coefficient,l W, 1b T, deg path angle, of
c A T, deg runs
Straight-keel model in smooth water
18.77 1170 3, 6, 8, 15, 20, 30 2.75 to 28.63 76
27.39 1707 8 3.41 to 19.00 5
36.15 2253 8 3.29 to 19.16 8
Curved-bow model in smooth water
18.77 1170 |-3, 0, 3, 4, 8, 12, 16| 3.13 to 23.62 | TS
27.39 1707 8 3.35 to 21.63 8
36.15 2253 8 3.39 to L9ilh 8
Curved-bow model in rough water (l%:' x ho! wa.vees)
18.77 1170 8 1.62 to 6.96 5
Curved-stern model Iin smooth water
18.77 1170 -22, -1k4, 0, 8, 16 2.96 to 23.89 | 35
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TABLE II R .- -
I¥PACT-LOADS CATA FROM TESTS OF NARROW-EEAM MODELS WITH A CONSTARY-FORCE-TIFE BOTTGM

At contact At Dy oy At % At rebound

Run | T, 2o X33 Yor i, ng Fp» ;E %, My, A\ ny 3, L, i
deg | f£ps | fps | deg | mec 1b fps | -1t | wec ft | sec Ips

Straight~keel model in smooth water; Cy = 18.77

2 L.ko{ 80.00{ 3.15| 0.090| 0.90] 1087/0.317 | 2.78| 2,823 | o.222l0.k0] O.klib | 0.627 | -1.12
2 10.15 | 68.2 8,48} . 2.64 | 3184 521 7.23 (13,335 .235] 87 96| .6L9|-~2.78
37 3 |10.19¢60.Lk2{ 9.57| .053] 2.63] 3136{ .b73 | 7.77 1,362 .250{ .88 L.017| .680( -2.65
k 10.15 [ 51.41{ 11.17| .06Y| 2.36| 2976 .537 | ?7.68112,321 | .266| .83} 1.112] .732| -2.96
5 11.5% | 47.39113.68] .05k} 2.94| 35231 .52k 8.71 557 295| .68] 1.2713| .7 =3.19
6 b.71{ 80.00} 3.37] .095| 1.09| 1362{ .388 | 2.83| 2,18 | .176] .hT| Ju79| JLSH!-2.33
7 b,56 [ 78,76 3.39} .12k} .96 1079] .378 1.82( 3,151 74| 67 9] . -2.22
8 10,42 | 69.69 | 8.50) .075| 2.h1{ 30L7]| .6 s.mt 17,810 .212] 83| .930] .608]-3.28
9 10.51 | 66. 8.93| .072] 2.2h| 2778 .676 | 6.h2| 6,500 JA971i.01| 943|577 -1.55
10 11,31 | k9.0 | 12.99| .078| 2.32| 2739 .679 | 7.72( 8,899 | .26L| .67 L.172| .8LL|-2.L7
11 10.96 | b6.84 | 13.27| .o75| 2.02| 2388 .642 | 8.0k 5, . JSh| 1.160] .855 | ~2.67
12 12.681 51.68 | 23.79| .08k| 2.63| 3165| .675 8.82 2k J7h| L.189{ 77T | -3.52
1 57| 20.96 | 14.88| .100| .Su| 555| (467 | LJdS| 1,5k8 | .uk7] .2 1.0h6 | 1.362 [ -1.
Uy 12.80| L7.28 | 15.25 | .08k | 2.50| 3062| .670 9.25 . 65| 2.255 -3.10
15 5.66| 20,65 15.33| .109| .55 S7TL} .hBB | L.5| 2,032 A39) .25 1,006 1,319 | -1.26
26 12,75 | bh.35 | 28.0| .065| 2.57] 3189 6% | 9.12| 9, 285 .59 1.32h] 910 -2.92
17 12,75 | L4.2S | 16,11 .057| 2.k$| 3056t .64y | 9.2¢| 9, .287| 58] 1.317| .9a |-2.92
18 21.05 | 38.10| 16.17| .072| 1.87{ 2228| .662 8.40§" 5,857 12 Jh9| 2,337 979 | -2.7h
19 | 6 | 12.7|39.99|17.63) .069f 2.30| 2821) .7 9.47 | 8,288 .3u| .h2] 1.413 ] 2.008 | ~3.00
20 11.05 | 3u.b2 | 27.80| .o72| 1.90| 2363} 679 | 8.53| 6,919 .357| .39] 2.LAB | L.09k ] -2.33
21 12,66 | 39.29 | 17.86| .c9a| 2.3 2916¢ .692 | 9.38| 8,876 .227| .b?| 1.L16 | 1.032 | -2.92
22 12.75 | 3.8l | 20.20| .o58| 2.28| 26L6i .688 | 9.72| 7T,L35 | .356] kb 1.5512 )] 1.03k | -3.1L
23 9.3k | 24.75 | 20.68 gﬂ 1.28] 103f 661 | L.85| 5, .388| .33] 1.38k | 1.19% | -3.23
2L 9.3k | 2415 | 20.92] . 1.2h| W05| 627 | T.18| 3,896 . .34 1390 1,271 | -3.05
b 10.87 | 27.87 n! .or3i1.60| 1987| .61 | 8.53| S,542 | .292| .35| 1.502]1.289 | -2.78
2 11.23 | 28.57{ 1. .075| 1,70 2212| 710 | B8.53| 6,579 | .395| .h?[ 1.636|1.122)-2.83
27 N.00| 27.93{ 21.50] .059| 1.55| 1848} .607 8.71| 4,916 386 .39 2.L69 | 2.235 | -2.ab
28 12.80} 32.26] 22,27 .072| 2.22] 2719] .690 | 9.65 .355| -h3} 1.529| 1.033 ] -3.1h
29 11.18) 26.85 | 22.61] .081| 1.67( 1898| .726 | 8.13] 6,738 | .381] .h3] 1.532)1.139 | -2.69
30 8.80| 21.10| 22.6k{ .081| 1.08] 1272| .593 | 6.87 | 3,7hb | k20| .3k I.L19(1.275]-~1.89
32 8.9L | 20.86 | 23.20) . 1.00 st . 6.56| 3,178 | .L37| .32] 1.472{1.313 | ~1.%
32 12,08 28.17| 23.21| .073|1.86] 2s07) .73 | 9.25| 9,05 | .383) .k7| 1.62%| 1.093]-3.28
33 8.89] 20.66 | 23.28| .079| 1.20{ 1312| .596 | 6.9L[ 3,666 | .L29| .32| 2.h32]| 1.269 | -1.8,
k.981 93.02| 3.06| .095| 1.56( 1912{ .3u5 { 2.20| 3,337 | .133{1.30] .373] .303|-3.k2

35 L.kof 82.63 [ 3.09| .122( 1.21] 1313| .382 | 1.93} 2,635 | .162{ .90| .Lkio| .367(-2.96
36 3.28{ 51.15| 3.67( .133] .51{ 510f .302 | 1.57 985 | .218! .h2| .326| .532|-1.57
37 3.28| h6.62| hL.03| .15:| .47| s550f .371 | 1.80 882 | .au8| Ju2| .hk2| .629(-1.72
38 3.77| L7.62| L.53( .o87| .55 1000 . 2.78] 3,345 | .232| .W5| .hB2| .622}-1.75
39 | 8 |10.19| Lk7.62}12.08( .078| 1.89] 2366} .66 | 7.L8| 5,28 | .260| .72] 1.153 | 776} -2.96
Lo 1.31| k9.02 | 12.99) .076| 2.1L| 2783 .71 | 8.08| 6,65L 1§ .192| .76] 1.206 | .700 | ~2.96
Ll 10.51 ) 33.67217.3L .o74| 1.k% 1779 .683 | 8.31 3,597 .3 .51) L.k00 | 1.0h0 | =2.52
b2 11.36| 3k.h8 | 28.24{ .c72( 1.78] 2279 . $.111 5,11k | .327 .h9| 1.Lu82]1.038 ] -2.
k3 11.L0] 29.41 | 21.1% | .c12] 1.72] 2237| .687 | 9.3bk| S,ur8 | . L8] 1.605 | 1.192 | -1.089
A 11.36| 27.40| 22.52 | .086| 1.5%] 1868 .765 | 8.31| 1m0 | .3TP| .A3| 1.5%9] 1.153] -2.87
@ 10.h2{ 67. 8.77( .081| 2.38{ 29L6| .64 6.51( 7,183 .185)2.29| .85 | .526] -L.16
k3 3.77( 78.03 | 2.75( .120| 1.25| 1533{ .297 9L 2,191 | .135i1.17| J30n| .289 ] -2.92
u6 9.u3 Sh| 8.72] .o9h| 2.18] 2663] .655 5.16| 5,243 .16712.65| .852| .419| -5.30
7 9.3 ) h2.k6 | 12.97] .050| 2.53] 1775 .792 8.62( L,o07 2501 2931 1.2 | L6L8| -bh.Ok
hE 12.35| Lh.os [ 15.66] .092] 2.21 94 900 | 8.32] é,507 | .207i1.12) 1.347| .608( -5.0T
L3 15 S.61| 19.55 [ 25.10( .180[ .hh| WS3{ .763 3.5%| 1,150 475 W2k 1.275{ 2.450 | -2.Lk
50 9.38| 28.40( 18.28| .106] 1.17| 1325] . 6.601 3,7k | .321] .55] L4767 .992] -3.01
€1 12.39 | 3k.72{ 19. .088{ 1.89 2296| .91 | 9.09| 5,217 | .292| .60 1.581{ .8681( -h.09
52 12.Lk | 34.78| 19.68| .087] 1.92| 2321] .872 | 9.4 ( 5 +3000 .68( 1.MM6] . -h.oe
53 7.63| 20.28 | 20.62{ .183| .67 761 .925 | 6.96] 2,0u8 | .hh7| .32| 1.528| 1.415| -2.93
sk 9.52[ 17.LL | 28.63| .126) . 1301 .925 7.3 5,111 b9kl 2331 1957 . -1.98
55 3.64f 78.13 ] 2.67] .121| 1.32] 166%] .288 81| 2,186} .128]1.31] .292] .270| -3.05
(3 9.k3| 62.11| 8.63| .116| 2.23| 27u3] .728 | h.S3| L,858 .17@ 1.85| .8k2| .396]-6.02
57 | 20 9.3k} 13.48 | 12.12| .116] 1.60| 1935| .862 | 5.52] 4,590 [ .230{1.12] 1.135| .573} -k.%L
58 8.9k | 27.62| 18.97| .137] 2.05| 1256|1.000 | 5.79| 2,925 | .3h7| .60 1.k89| .95 | -3.50
59 8.89| 17.5L | 26.88| .150| .76 902j1.1 | 6.38( 2,281 | .500] .35| 2.009| 1.523 | -2.29
60 %.13] 79.05| 2.99| .22u| 1.70{ 2352f .303 | k.50 2,665 | .11.9{1.68| .307| .2uk|-h.oh
61 8.89] 62.50( 8.10| .115| 2.21] 2937| .730 | 3.6k | h,290 | .15%|2.03] .803| .353]-6.82
62 8.80f 55.25| 9.05) .17l 2.01) 2698 .770 § L.18| L,475 <1711, 8711 .3881 -6.69.
63 11.65) 54.351 12.10] .126] 2.56| 3276 .822 | 6.02| S,10h | .132|2.27f 1.0Lk| .396(-8.0k
6L | 30 9.3 13.861 12,13 | .122} 1.65{ 218L| .898 | hL.53( 3,805 | .217{1.L8| 1.110| .508| -h.89
&5 12.k8| 43.k81 16,00 .108] 2.12{ 2763{1.027 | 7.86| L,838 [ .230(1.57f X.372| .S27}-T7.27
66 8.uly{ 28.17 16.68| .17h| .95| 128k}1.172 kST 2,037 «337| J70{ 1.507| .B8681 -L.18
67 12,391 39.221 27.53 | 1L} 2.93] 2k39(1.107 | T.97| L,790 ] 2uO[L.L3| 1.497] .597{ -6.82
68 8.9U] 2h.63(19.95) .177| .89| 1265|1.239 sa| 2, 2371 60| 1.668] .980( -3.95

Straight~keel model in'smooth water;-Cs = 27.39

69 L.85| 8130} 3.k)| .116] .98| 1791 JLbk | 2.65| 4,277 | .19 .91] .535( .huB{ -3.1%
70 10.h2| 71.L3 | 8.30| 092} 2.08| 3708 .775 | 6.51] 12,622 | .225f .SL{ L.116| .633]-3.55
71| 8 | 1.00{52.91)12.00| .088f 1.85| 3264 .8k2 | 7.681 11,136 | .298 .69| L.h65S| .900| -3.05
72 10.96| L2.L6} 1k.96{ .100{ 1.59| 2630 .912 8.4 9,192 «357] 59| L.690| L1 | ~2.69
73 10.32| 32.8h | 19.00{ .08%] 1.39| 2ul5| .852 | 8.35| 8,886 | .US3| .32| L.907| 1.398 | -2.2%

& jverage of eight consiatency runs.
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TABLE II - Comtimzed
TMPACT-LOADS [ATA FROM TESTS OF NARROW-EEAM MOTELS WITH 4 OONSTANT-FORCE-TIFE ROTTGH

At contact LU - At tpax At rebound
Fun T £, x| Yor t, - Fns| 35 £, Ny, t, a 5, t, i,
dag fps| fps deg sec b 1 fos| lb-ft| sec fa2 sac fps
Straight-keel model in smcoth water; Cp = 36.15
Th L.49 { 78.13] 3.29 lo.1u3] 0.68] 1592 | 0-88%| 2.33 | 3,776 |0.2h8) 0.501.0.5718 |0.613 ] -2.11
5 $.03 | 79.37| 3.63| .10k| .87] 207k .L28| 3.10 ,127 | .222] .65 .569 | .552 | -2.70
76 10.10 | 69.57] 8.33| .o97| 1.6b| 380s| .82u| 6.87 13,568 .277] .78|1.30k ( .75B}-3.52
17 8 m.a_sl 6o.i| 8.1s] .100f 1.72{ ka7 | .883] .60 [15,843 ] .273] .80 1.337 | .768]-3.k6
78 10.87 | 62.36| 11.73| .98} 1.18| 3k26| .897) 8.0k [13,L95| .358| .50 1.679 (1.05k|-3.1%
79 11.08 | 51.85| 12.10] .096{ 1.5L| 3607| .507| 8.22 |1h,875{ .381] k9| 1.59€ [1.08k|-2.70
80 10.91 | 39.29 15.29 | .099} 1.26} 2k | .525| 8.bk {11,726 ( .k73| .30| 2.075 |1.602[-2.07
81 10.96 | 31.55] 19.16 .095] 1.15] 2669 . 8.80 | 10,815 | . 31 '2.3531 1.622 | -2.50
Curved-bcw model in smcoth watery Ca = 28.77
82 5.52 [ 90.91 3.47} .11k} 1.2 i8] 2.52 (11,008 1591 112 k9T(] 06 ) ~2.35
83 12.18 | @.75| 8.38] .037} 2.78| 3251 | .L27|10.09 | 20,283 | .15k} 2.121 912 | .h30|-3.65
&, 12,22 | 82.6,| 8.k1| .025] 3.00} 3830| .379{10.02 | 20,926 | .128| 2.11] . 384 | k.96
& | -3 12.1% | 70.03| 9.78 | .039| 2.82{ 323k | .392|10.09 ]18,772] .180| 1.8k} 1.0LL 183 | ~h.26
8 11.70| 66.67| 9.95| .036| 2.58| 3007] 37h| 9.33 |27,089| .178] 1.28| L.063 | k99| -L.cO
87 11.79 | 59.00} 11.30| .m36{ 2.&:| 2970 .37 |20.18 |16,287 | .213| 1.00] 1.085 ( .58 -3.52
88 10.57 | b9.26| 12.11 | .033| 2.31| 2662 .356| 9.56 s 212 .56[1.18% | .765|-3.k8
89 o7 | 87.72] 3.63| .ou} 1.36| 1652 .719| b.52 | 6,891 .153] .93] .LlL | .399(-1.%6
90 12.22 | 83.33] 830} .oi5] 3.70] 4269 | .325| 9.92 |17,l99 | .160{ 1.8 .813 | .ho8|-h.k8
91 12.18 | 76.35} 9.30| .o29f 3.26} 3858} .375|10.0 ,293 | .187] 1.14| .928 | .s®3[-2.Lh
92 | o |12.35|62.70] 11.2k| .029| 3.25| 3895 | -3%0| 9.73 23 183 1.25| .9c8 | .55t ~3.70
93 12.k0 | s8.k8| 11.97 | .o2h| 3.2 | 3760} -322; 9.87 5 190 1.17| 1.005 | .59k | -2.7
o 12.31 | 51.02| 13.57 | .oe9| 3.06( 36c1| -318} 9.96 1.150
9 12.0k | k2.19| 18.k3 | .o30} 3.00( 3k18( -30T{10.27 1
96 5.50 | 89.29] 3.53| .065| 1.58 +218| 3.kh
97 11.87{ 80.68| B8.37| .ouk| 3.hof 39581 -u82| 7.78
98 12.05 | 59.17| 12.81 | .ok8| 3.03|3337| .513] 9.31
99 12.55 [ 62.35] 11.57 | .050( 3.2k 7| -532) 8.k3
100 12.Lk | L2.37) 16.36 | .oh3} 2.7 323k .358110.41
10 3 6.1k | 21.83] 26.Lk | .015] .89 | 929 .-L23| 5.39
102 7.18 | 23.70| 16.85 | .083| .88} ——1| .399| 6.00
103 10.1; | 32.47} 317.3k | .ou8| 1.79| 2188} .33 8.79
10k 12,66 | bo.Lg| 17.36 | .oug| 2.61 | 2757} .551(10.18
108 9.96 | 31.65| 17.h7 | - 1.7h {1891 | .h3o| 8.32
108 11.61] 33.33| 19.20{ . 2.h9 | 2917 | .S0L} .26
107 5.8 [90.91| 3.15 | .080]1.b5 |1772 | .352 | 2.18
108 11.53 |86.96 | 7.55 | .080 3.0l {3737 | .Lg2 | 8.Lb
109 12,18 |58.82 | 11.70 { .050 | 2.60 {312 | .597 | 9.22
110 " 10.53 |k7.96 | 12.38 | .058 | 2.00 |2ukk | .532 | 8-13
m 31.79 {k2.29 | 15.61 | .55 | 2.2 2697 | .5l  9.h8
112 9.Lk {33.11]15.91 | .085 |1.33 |1582 | 528 | T.kO
113 6.66 |22.52 | 15.18 | 080} .80 | 85 | .h7e | S-LB
1k 10.79 |32.47 | 18.38 | .083 { 2.15 J2626 | .53, | 9.83
15 6.03 [86.96| 3.31 | .099}1.30 |16L6 | .33% | 2.20
16 20.33 |7L.63| 7.B8 | .0822.h3 [2937 | .31 | S5.T%
1y 11.85 [82.6k | 8.16 | 069 | 2.89 .221 7.36
128 11.18 |50.20 | 12.56 | .076 | 1.95 |2koo | -652 | 1.77
ug 9.79 | 34.13 | 16.01 | .081 | 1.2L 431 | 1.
120 8 12,21 {k2.37 | 16.08 | .or2}1.97 {261 | -723 | 8.8%
121 6.70 (2L 17.22 | .123{ .61 652 1 5.00
122 6.33 |18.12| 19.26 | .105] .k9 | 537 | 54T | k.58
123 12,08 | 33.78 | 19.68 | .071|1.78 [2181 | .723 | 9.29
12 12.01 | 31.35 | 20.92 | 1.72 (a7 |.Ths | 9.27
1 7.09 | 1k.93 | 25.40 [ 136 562 | 750 { k.h —
( 12.27 | 59.80 | 11.60 | .o70| 2.5k | 3176 | .671 | 8.hG -3.82
126 4.93 | 82.61| 3.1 .103{1.52 |183L | .269 -99 259 +239 | -3.59
127 9.92 | 71.9u| 7.85 | .089|2.28 [2781 |.606 | S.20 2730 | 393 |-k.98
128 11.90 | 83.23 | &.13 | 3.12 [hoTl | 672 | 5.97 .788 | .3Lk9)-6.87
129 20.60| 72.95| 8.26] .o71|2.56 1325k | .50k | 6.2L -708 | .362|-5.52
130 1.5k | 79.37| 8.21| .081|3.05 | 3806 |.627 | S.OT 27| 3B |-6.29
131 | 12 | 10.87|58.82] 10.k7 | .085| 2.18 -7 6.11 912 LBk | -k.67
132 42 . 11.35 | 07T 2.59 [3230 [.807 | 7.72 1.970 | --uBg|-5.80
133 11,90} 58.82 | 11.hl, | .081 | 2.k2 | 2982 | .717 7.45 .996 <509 | ~h.TL
13k 11.5% | 39.68| 16.75 | .086 | 1.84 | 2132 [.667 | 9.52 1.30L8 | 1.032 | -3.h1
135 10.96 | 3k.72| 17.52 | .087 | 1.50 {1715 |.770 | 7.63 1.357 |} :.053 | -2.56
12.71 | 30.96| 21.52 | .09% | 1.61 1842 |. 8.76 1.567. | t.610|-2.12
137 5.16 | su.3k| 3.13| .095§2.77 ;ﬂl& 2309 | 1.53 .35 | .260 | -3.50
138 5.2¢| 88.50} 3.k5| .ooh|2.87 21T |.307 | L.kk W12 | .38
139 10.28| 70.h2] 8.31| .o91|2.Lg J3065 |.452 | 5.03 752 | .3b6|-6.38
140 10.28 | 65. a.k2| . 2.67 | 3427 |.622 | 5.12 7k | .37 -6.29
1 12.26 | 59.17( 11,72 | .c88 [ 2.62 1328k |.757 | 7.09 571 | ~k52]-5.79
12 12.39 | 58.48 | 12.96 | .089 | 2.58 | 3202 [.7%5 | T.2T 1.023 | u58|-6.
12. 58. 11.99 | .c86| 2.56 |32a1 |.815 7-32 1.039 439 | 6.2k
1Lk 16 9.L3 | 33.11| 15. .10T | 1.18 . 6.h2 1.296 <933 [ -2.56
1.9 | 51.67]15.99 | .089 [ 1.89 |22L3 (-¥52 | 7.99 1.252 664 | -k.15
16 12.67| 39.22] 16.57{ . 1.78 857 7.86 1.258 <840 | -3.41
T 4 6.91| 23.0k) 26.65 | .1621 .53 -89 | .62 1.388 | ——=|—
9.29] 30.67 | 16.85 | .102|1.03 |17L |-773 [ 6&.62 1.336 | 1.017 | -2.29
L9 11.99] 35.8u1 18.50| . 1.5k | 1786 |- 8.4k 1.527 | 1.00k [ -2.7%
150 12.12| 30.86 | 21.hh | .095 | 1.53 | 1782 ‘E" 8.9 1.598 | <997 | -3.20
151 6.11| 13.97| 23.62| .166] . Leg |- 5.75 1477 | —— | ——

b Average of eight consistency rans.
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TABLE II - Concluded

NACA TN 3940

IKPACT-LOADS DATA FROM TESTS OF NARROW-EEAM MODELS WITH A CONSTANI-FORCE-TYPE BOTTOM

At contact At B4 max At zZpay At rebound
Run T g | %, Yo? t, Fnof 34 i, | iy, t, %, t, 2,
D,
deg fpa | fps deg sa0 i b Fat fps | lb-ft | sec L 4 sec fps
Curved~-bow model in smooth water; Cy = 27.39
152 5.09 | 86.96] 3.35|0.108 [ 1.07]| 1956{0.17 | 2.78 | 3,926 { 0.180 | 0.87 |0.50L | 0.1456 | ~2.kb
153 11.48 | 80.85 | 8.10}| .076 | 2.L31Lk96| .727 | 5.96 {13,587 | .191 {1.28 |1.079 | .582 | -3.26
154 10.83 | 6L.10] 9.5%} .07k |1.98] 3553| .67h 8.22 {10,105 | .247 ) .85 |1.172] .70h |-3.13
15 | g | 12.60158.,1k|12.23| .on2l2.27]3793) .75k | 8.56 111,591 .255( .90 |1.h03 {1.8171-2.75
156 6.53 | 21,93 | 16.58 | .180| .bk5| 78611.079 | hL.B7| 2, 605 | 19 |1.7C3 | mmmmm | e
157 11.92 39,68 | 16.72 | .c67 {1.66| 2876} .788 | 9.79 ] 9,k65 | 361 .53 |1.775 |1.38 | .7k
158 9.7h | 30.86 | 17.52 | .081 |1.03| 1838} .705 8.13 | 5,5h2 | Lh6| 32 [1.799 | =~ | ———m
159 12,47 | 32.45 | 21.63 | .075 |1.L6 | 2586 .776 | 9.68 | B,353 | M43 | .37 {2.052 |emmmm |anmmm
Curved-bow model in smooth waterj £, = 36.15
160 $.13 | 86.58| 3.39{ .107] .93} 2283] .1, | 3.00| 5,38 | .208] .68 .s32| .L98|-2.8
161 11.50  76.92] 8.h3| .08c|1.98) us3s| .727 | 8.22|1h,132| .235| .95| 1.209| .695| -2.91
162 11.L8163.69( 10.22| .082{1.78| Lolol ,776 | 9.1h|13,00k| .287| .85 | L.k99| .%20| -2.13
163 11.75 | 56.82 | 11.68 | .o077|1.62) 37h7] .761 | 9.ko|11,979| .310) .72 2.623| 1.019| -1.87
6L | 8 | 5.39{21.10] .33} .285| .28} “7h2| .sss | L.22| 2,770| .759] .16 1.86k] ~— | ——
165 12.73 | L5.66| 15.5 .077]2.87} 3562] 810 | 9.76 L0121 373 591 1.967}1.326| -.99
166 9.48 | 33.90]| 15.63| .083! .85| 2095| .739 | 7.87| 6,6b3] .u93] .31} 2.000) ~em=m | ewmem
167 132.61 | 33.391{ 19. .075 | 1.20] 2677) .807 | 9.92) 8,882} .483| .37| 2.283|———| ———
Curved-bow model in rough water; Cu = 18.77
168 6.70 | 76.921 4.98| .ou3|3.2k| kori| .207 | 4.23 (132,537 | .088{1.68{ .251| .260|-2.81
€169 6.87 | 73.20] 5.36] .oh3|1.39] 1836| .267 | 5.63| 2,712| .Lo3|2.23)1.032| .708|-3.83
469 | 4 2.00 | 70.70| 1.62} .o77|2.67{ 3k22! .07 0 12,607 | .39L| .21 |1.519 [ cmema| commm
170 6.70|65.79| S5.82( .0uo|2.91] 36251 .2 4.6 110,534 | .150| .56 .369| .&ho[ -2.91
17 6.26 | 60. 5.9} . 1.90] 2326/ -L59 2.96] 8,660 .13k|1.68] .L%o| .30h| -h.hh
i72 6.16 |52.911 6.96[ .o48|2.57| 3099 .242 | s.00{ 20,028 .118)1.18| .328| .323| -1.91
Curved-stern model in smooth water; C = 18.77
173 5,00 83.33| 3.43| .092)1.08) 1277 352 | 2.83] 7,602| .164) .78 .L36| .L62| -l.Lk
17k 7.83 | 67.57] 6.61| .082}1.29] I575] &35 .05]10,085| .220| .70{ .785| .625] ~1.57
175 |-22 8.79 | 5h.35| 9.29| .065f 1.3k 15531 Tfgg | 6.70| 9,105 | .295| .30| .992| .957|-1.22
176 7.13 | 43, 9.23| .obg| .73 802| 303 | 6.35| 3,73 | .379| .18 1.023|1.670} ~.30
177 5.00|83.33]| 3.k3| .095]|1.2k| 66| 37 | 2.48| 6,733 | .1k0f1.10| .387| .3LB| -2.hk
178 5.05 | 78.7h| 3.67| .085| .97[1021f 355 | 3.26| L,7h3 | .170} .85 | .uh2| .h21| -2.bk
179 7.53 | h.91| 5.7h) .202|1.52]1920| .g37 | 3.65|10,272 .167| 1.35| .720| .hbl -3.26
180 9.53 [ 76.92| 7.06[ .08011.99| 2Lsh| | 6.2211,688 | .160{1.66] .818; .h2h| -k.09
181 9.8 | 66.671 8.09| .o78|2.80! 56| ey | 5.87 |11,3b3 | .268| 131 .7AS| .L23| -h.26
182 |- | 12.4% | 78.7h | 8.27]| .085|2.k5| 3089} 73 | 6.66|18,k71 | .259)1.95 | .912} .hik| -h.83
183 11.53 | 53.76 | 12.11 | .023 |1.62]2933| a7 | 20.70| 7,LL8 | .223| 2.13] 1.072; .586| -3.87
184 12,01 | 42.7h ] 15.70 | .023 | 1.7 | 2066| .06 | LX.O1)| 7, 262 7h| 1.277) .769| -3.13
185 12,01 {38.76 | 17.22 | .03k |1.81| 2206] 392 | 21.M | 6,891 [ .312( .65 1.262| .981|-2.35
186 12.09 | 33.33 | 19.9h | .o2h | 2.39| 2227} (252 | 10.96| 7,509 | .339| .50 1.502|1.093| -1.61
187 12.4) | 28,09 23.89 | .033 [1.81] 2193| 387 | 12.18) 6,972 .393| .39{ 1.827 |1.6L8! -.39
188 g.?h 91,74 | 2.96| .087 2.0k 1hbo| 325 | 2.91| 3,552 | .156| .93] .Lo3| .LoG| -2.22
189 .35 { 80.00| L.5L{ .089|1.33|1788| lfus | 3.61| 5,579 | .163{ 1.07| .566| .h24[ -2.65
190 12.18 | 72.99| 9.h7| .063 |2.631 35k8| eu9 | 8.uh|210,294 | .155| 2.00| .985| .lh2| -h.79
191 12,31 { 72.46| 9.6L| .065 |2.59] 3533| .s71 | 6.2720,373| .165{1.85 [ 1.005| .Mh2| -h.61
192 | O | 22.001|67.11|10.18| .70 | 2.4k | 3193| .g83 | 8.57| 8,675 | .190) 1.k3 | 1.092| .503] -L.L8
193 12.09 { 43.10| 15.67 | .08k )1.82] 2382| 402 | 9.7h| 6,23h ) .26k} .8L ) 1.%3h| .B16| -3.00
19k 12.31 | 3.25 | 19.77 | .060 |2.68] 210k! 406 | 9.92] 5,3k | .320| .69 1.560| .503| -1.87
(e) 12.27 |53.96 | 12,91 | .06L [2.18] 2871} 570 9.5 | 8,k9| .215}1.28{1.235 | .60R) -3.92
’
195 6.83 | 92.59| L4.23| .092 |1.8k)2378] .u73 | 2.83 | L,761| .131|1.66] .513( .304| -h.52
196 10.4% |65.79 | 9.02 | .o71{2.31{3218] g2 | 7.351 7,311{ .160| 1.77| -S9O .helf 5.1
197 { 8 | 11.66 |Sh.95}11.98 1 .077 {2.07 )28k} .739 | 8.hh| 6,6u8 | .19811.33|1.175 | .5h3| -L.61
198 12.35 [L1.32 }16.64 | .o71 [1.80] 2528] 775 | 9.74 | 6,200 | .261) .92 {1.466 | .7h7| -3.70
199 12.48 | 33.33{ 20.53 | .066 [1.56 | 2210f .739 |10.18 | 5,560 .301| .77 |1.703| .985| -2.k8
200 6.13 | 83.33| h.21] .098|2.0n] 2661} .hos| 1.78| h,377 | .108{ 2.03| k11| .251| -5.00
201 10.00 |66.67 | 8.87) .083 |2.59{3580] .67h| 6.13| 7,17 | .1hh|2.21| -319] .328]| -6.83
202 | 16 | 11.83 {5L.35|12.28 | .o78 [2.23 | 3208] .757 | 7.87 | 6,721 .187|1.52 | 1.103 | .158] -6.35
203 12.57 110.98 | 17.05 | .08 |1.79 | 2568 .458 | 10.27 | 5,h72 | .2h2| 1.19 | 1-37%] .627| -5.
20k 12.66 133.11 ] 20.93 | .o78 |1.51 2219} .857 | 10.05 | k,931 | .304| .87]1-775{ .853{-k.18

¢ First impact.
d Second impact.
® jverage of three consistency runs.
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NACA TN 3940

TABLE ITT

ADDITIONAIL DATA FOR CURVED-BOW MODEL IN ROUGH WATER

TImpact Wave . T

Run location, slope, Xo,w? To,ws w?
in. 8, deg fps deg deg

168 340 5.0 88.20 h,37 3.0
8169 kho 1.1 84.48 4. L5 6.9
b169 287 k.o 81.58 1.3k k.o
170 392 3.5 T7.07 4.87 k.5
171 332 2.1 TL.3h 5.16 5.9
172 320 4.6 6h.19 5.70 3.4

epirst impeact.

bgecond impact.
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(a) Straight-keel model.
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(b) Longitudinally curved model.

Figure 1.- Profileg of models.
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Figure 2.~ Cross section of concave-convex bottom
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Bottom tested
— — — M.IT, (ref. 5)

— —— Colorado A.3} M. (ref. 8)

Height, in.
1—!

Semibeam, in.

}
Figure 3.- Comparison of the crose section of ‘the bottam tested with the
constant-force shapes of M.I.T. end Colorado A. & M. College.
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(a) Straight-keel model. 1-95886

(b) Curved-stern model. 1-95887

(¢) Curved~bow model. : 1L-95888

Figure L.- Models mounted on carriage in Langley impact basin.
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Moximuz impact 1lift coefficient, -CL,max

Ty deg
Interpolated

- ——~—Extrapolated

Trin angle, <, deg

gc

Figure 5.~ Theoretical varietion of maxlmum impact 1lift coefficient with trim angle for etralght-
keel model. Cap = 18.77.
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Figure 6.~ Theoretical variation of meaximum impact 1ift coefficient with
initial-flight-path angle for three beam loadings for straight-keel
model. T = 8°.
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Figure T.- Varlation of impact 1ift coefficient with initiel-flight-path

angle for straight-keel model. Cp = 18.77.


http://www.abbottaerospace.com/technical-library

51

NACA TN 3940
2.k
(x) Gy = 27.39.
2,01
Cr,max (theory)
— 00— OCf, max (exp.)
S —0O—¢Cg ab z,,, (exp.)
-
3
a
o
8
£ 1.2
A
i
I
ol
I
o
2.
(b} Gy = 36.15.
2,0
UA
E* 1.6
[
3
£
£
o
A
;
m3
ol
) ] 1 H ]
L 8 12 18 20

Initial—flight-path argle, vo, deg

Figure 8.~ Variation of impact lift coefficient with initial-flight-path
engle for straight-keel model. T = 8%; Ca = 27.39 and 36.15.
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