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SUMMARY

Water landing tests were made in the Langley impact basin with a
model having a flat rectangular planing surface together with a pulled-
up bow and a simulated landing wheel. The majority of the test runs
were made in smooth water; however, three landings were made in waves

approximately l% feet high by 30 feet long. The trim range varied

from 0° to 150 and the flight-path angle ranged from approximately 2°

to 20°. Runs were made at beam loadings of 18.9 and 4.4. The results
are presented as plots showing the variation of the nondimensional loads
and motions with both the wetted length and flight-path angle. It was
concluded that the results could be used to approximate the load and
motion values for the practical range of beam loadings. The experimental
results indicated that the effect of the landing wheel was small; in
addition, the experimental results yielded quantitative load values
resulting from immersion of the pulled-up bow.

INTRODUCTION

As a result of current interest in the utility of skis as an all-
purpose landing device for airplanes, an investigation has been under-
taken by the NACA toward improvement in the design of these devices.
Water landing tests were conducted in the Langley impact basin on a
model having a flat rectangular planing surface together with a pulled-
up bow and a simulated landing wheel. The primary purpose of these tests
was to obtain the hydrodynamic impact loads during landing.

The majority of the test runs were made in smooth water; however,

three landings were made in waves approximately 1% feet high by 30 feet

long. The trim range varied from 0° to 15° and the flight-path angle
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ranged from approximately 20 to0 20°. Runs were made at beam loadings

of 18.9 and 4.4. The results obtained during this investigation were

in urgent demand and, therefore, only 3 months was alloted between the
gtart of initial preparations for testing and completion of this paper.
This paper, therefore, does not contain a detailed analysis of the
findings but, however, does present the test results and shows the effects
of various parameters.

SYMBOLS
b model beam, feet
F hydrodynamic force, pounds
£ equivalent planing velocity, feet per second (i + & cot T)
M pitching moment about axis "a", foot-pounds (see fig. 4)
niw impact load factor, measured normal to undisturbed water surface, y
g units
P unit bottom pressure, pounds per square inch d
t time, seconds
A resultant velocity, feet per second
W dropping weight, pounds
W specific weight of water (62.4 1b/cu ft)
x velocity of model parallel to undisturbed water surface, feet

per second

Yy immersion of model normal to undisturbed water surface, feet

de

velocity of model normal to undisturbed water surface, feet
per second

y flight-path angle (referred to undisturbed water surface),
degrees
A distance from model step (parallel to flat bottom surface of

model), beams
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0

T

density of water (1.938 slugs/ft3)

model trim (referred to undisturbed water surface), degrees

Subscripts:

k

max

n

0]

p

parallel to flat bottom surface of model

maximum

normal to flat bottom surface of model
at water contact

to peak pressure line

Dimensionless variables:

Ca

Clmax

beam-loading coefficient W
wb3
F
normal-force coefficient I___EE_E
B Vo b

draft coefficient (%)

drag coefficient parallel to flat bottom surface of model

Fk
1 oD
§pVob
pitching-moment coefficient M
1 2.4
—pvob
2
ny W
maximum 1lift coefficient g wggéz
§pVOb
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éL vertical velocity ratio
Yo
Cp pressure coefficient <l P )
= o
5 b
APPARATUS

The investigation was conducted in the Langley impact basin with
the test equipment described in reference 1. The basic model used for
these tests was described in reference 2. Two distinct configurations
of this model were tested, one at a beam loading of 18.9 and the other
at a beam loading of 4.4. For the heavy-beam-loading condition the
basic model was modified to the extent of adding a pulled-up bow and a
simulated landing wheel. For the light-beam-loading conditions the beam
was increased 8 inches by addition of 4-inch structural steel angles to
each side of the basic model. The simulated landing wheel was removed
for all test runs made in the light-beam-loading condition. The lines
and pertinent dimensions corresponding to both configurations are shown
in figure 1. Figures 2 and 3 are photographs of the model mounted for
testing in the heavy-beam-loading configuration and in the light-beam
loading configuration, respectively. The model was attached to a dynamom-
eter which in turn was rigidly attached to the carriage boom. Varia-
tions in trim were obtained as described in reference 2 by utilizing
various length of trim links between the rear attachment point of the
dynamometer and boom.

The instrumentation used to measure both the vertical displacement
and velocity and the horizontal velocity was described in reference 1.
Accelerations in the vertical direction were measured by an oil-damped
unbonded strain-gage type of accelerometer having an undamped natural
frequency of 105 cycles per second. The galvanometer used to record
the accelerometer output had a natural frequency of 100 cycles per second
and the combination of accelerometer and galvanometer was adjusted to
yield an over-all damping value of approximately 65 percent of the
critical damping. The hydrodynamic forces normal and parallel to the
model bottom were measured by the dynamometer. This same dynamometer
yielded values of pitching moment about an athwartship axis through "a"
(fig. 4). The initial contact of the model with the water was determined
by means of an electrical circuit completed by the water. Unit bottom
pressures were measured with 12 pressure gages located in the model

bottom as shown in figure 5. The pressure gages had flat %-—inch-diameter
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clamped-edge diaphragms mounted flush with the model bottom. Natural
frequencies of the pressure gages exceeded 2000 cycles per second and
the natural frequencies of the galvanometers were in the neighborhood
of 1600 cycles per second. The combination of gage and galvanometer was
adjusted to yield an over-all damping value of approximately 65 percent
of the critical damping. Complete time histories of the values of the
quantities measured with the above instrumentation were obtained on a
single multichannel recording oscillograph.

For the runs with waves, wave profiles were obtained from an instru-
ment mounted in the impact basin structure approximately 100 inches above
the undisturbed water surface. This instrument consisted of a light
source and lens system which projected a vertical parallel beam of light,
several inches in diameter, onto the water. The spot of light on the
water surface was photographed on a moving film located in a film drum
at an angle to the vertical. The film drum was located about 4 feet
horizontally from the light source, and the plane formed by the light
beam and line of sight of the film drum opening was perpendicular to
the longitudinal center line of the tank. Fluorescin dye was introduced
into the water in order to intensify the light spot and thus obtain a
readable record line on the film. The impulse from a common switch
closed by the carriage during the test run was recorded on both the
oscillograph record and wave profile record. Since both recorders were
equipped with timers this common impulse served to correlate both records.
The wave length was adjusted to 30 feet and maintained constant prior to
each run.

TEST PROCEDURE

The model was tested at trims of 0°, 39, 6°, 99, 12°, and 15°. The
horizontal velocity for these tests ranged from approximately 30 feet
per second to 90 feet per second, and the initial vertical velocity
ranged from approximately 2 feet per second to 10 feet per second. The
depth of immersion of the model was measured from the instant of initial
water contact and in a direction perpendicular to the undisturbed water
surface. Throughout the immersion a 1ift force equal to the total weight
of the model and drop linkage was exerted on the model by means of the
1ift engine described in reference 1.

Tests were made at beam loadings of 18.9 and L4.4. The total
dropping weight was 1180 pounds in the heavy-beam-loading condition.
Addition of the side angles to the model for the light-beam-loading
condition increased the total dropping weight to 1260 pounds. Actual
instantaneous wetted lengths, as defined by the distance from the model
step to the point of peak pressure, were determined by noting the instant
of the intial peak exhibited by each pressure gage. Since the location
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of each gage was known, the instant at which each gage peaked determined
the wetted length at that instant.

The model together with the drop linkage weighed 1180 pounds; how-
ever, they were in turn attached to a carriage weighing 5400 pounds. This
condition had some effect on the motion of the model in that the drag
forces acting on the model did not develop the horizontal acceleration
that would have resulted in the absence of the carriage mass.

RESULTS AND DISCUSSION

The instantaneous value of the transient load occurring on a flat
rectangular surface upon impact with a smooth water surface is primarily
a function of the initial velocity and instantaneous values of the trim,
flight-path angle, and draft. However, other effects such as instanta-
neous acceleration serve in some degree to attenuate the load. The effect
of velocity is known and can be eliminated from the results by choice of
a suitable coefficient provided that the initial velocity is sufficient
to make Froude effects negligible. All test results contained in this
paper were derived from runs made at sufficiently high speeds so that
Froude effects have no practical significance. The investigation was
made at fixed trims, that is, the model trim referred to the undisturbed
water surface remained constant throughout the immersion. No attempt
was made to eliminate the effect of trim in the presentation of the
results. The instantaneous flight-path angle and draft are affected
appreciably by the beam loading. This fact must be taken into account
when using the results contained in this paper for the determination of
design loads for skis having beam loadings different from those tested.
It should be noted that skis with pointed steps are outside the scope of
this investigation. The effect of beam loading upon flight-path angle
stems from the fact that separate landings, which are made with initial
conditions that are identical except for beam loading, will yield accel-
erations normal to the impacting surface that are different. The landings
made at the lower beam loadings will exhibit larger accelerations. This
results in a higher rate of decrease of the vertical velocity for the
light-beam-loading condition under the existing test conditions at the
impact basin in which the horizontal velocity remains substantially
constant. It then follows that, since the vertical velocity time history
is a function of the beam loading, the draft, the flight-path angle, and,
therefore, the load time history will also be affected by the beam
loading.

It was felt that the most effective data presentation would be
achieved by plotting the experimental load and motion variables con-
verted to nondimensional coefficients against wetted length in beams
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as a parameter. The wetted length XP is defined as the distance (in
beams) from the model step to the line of peak pressure on the model
bottom.

Figures 6, T, and 8 show the variation of the nondimensional coef-
ficients of normal load, pitching moment, and vertical velocity with
the nondimensional wetted length for Ch = 18.9. The initial flight-
path angles 7y, are noted by the symbols accompanying each curve. In
some cases the difference between initial flight-path angles is small
enough so that one curve is sufficient to fair both sets of points. The
values of A\ appearing in the figures for the bow region of the model
are obtained by projecting the point of peak pressure on the bow normal
to the extended straight portion of the model bottom; in terms of Ap
the bow extends from 5 to 6.16 for the model with Ca = 18.9 and from

3 to 3.7 for the model with Cp = 4.4 (no data are presented subsequent
to the inception of bow immersion for the light-beam-loading conditions).

In order to obtain data on the beam-loading effect, the model beam
was increased 8 inches changing the C, value from 18.9 to 4.4, and a

series of runs was made at trims of 30, 90, and 150. Figures 9, 10, and
and 11 present the data obtained from these runs plotted in coefficient
form against the wetted length in beams. Figures 6, 7, 8 and 9, 10, and 11
can be compared directly for the same trims and initial flight-path angle
to obtain the effect of beam loading on load, moment, vertical velocity,
and draft since the ordinates and abscissas are in nondimensional

form. A comparative examination of these figures reveals that although
the beam loading was changed by a factor of 4.3, the change in the non-
dimensional load moment and maximum draft was only of an order of
approximately 2. Since the change in the coefficients is appreciably
slower with respect to changes in beam loading, it is felt that plots
similar to those presented in figures 6, 7, 8 and 9, 10, and 11 could be
made up with reasonable accuracy for other beam loadings by interpolation
between curves. It should be borne in mind that such curves would be
valid only for surfaces having a rectangular plan form. It would have
been desirable to obtain more detailed results on the effect of beam
loading by extending the investigation; this, however, was prevented by
lack of time.

Since the horizontal velocity remained approximately constant
throughout the impact, figures 8 and 11 can be considered as showing the
variation of flight-path angle with wetted length. Furthermore, by
selecting values of Cp from figures 6 and 9 at even beam lengths, that
is, 1, 2, 3, and so forth, and noting the corresponding instantaneous
flight-path angle from figures 8 and 11, the variation of normal-load
coefficient with instantaneous flight-path angle can be obtained for the
aspect ratios 1, 2, 3, and so forth. Figures 12 and 13 present this
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cross plot. It can be noted in figure 12-that as the aspect ratio
increases the faired lines fall closer together; in fact, the aspect
ratios of 4 and 5 are faired by a single line. Extrapolation of the
faired lines through the test points to ¥ = 0 should yield a fair
check with the planing value. This check should be closer for the runs
made at Cp = 18.9 since reduction in vertical load resulting from

acceleration of the virtual mass will be less apparent at the high beam
loadings. A quantitative measure of the load reduction due to accelera-
tion of the virtual mass can be obtained by comparing values of Cp
appearing in figures 12 and 13 at corresponding trims, aspect ratios,
and flight-path angles.

Figure 14 shows the variation of Cnmax with initial flight-path

angle for both beam loadings. The trend appears to be independent of

trim. In connection with figure 14 it should be pointed out that anax

occurred prior to the beginning of bow immersion for all test runs made
in smooth water.

Figure 15 shows the variation of the maximum draft coefficient with
initial flight-path angle for beam loadings of 4.4 and 18.9. The faired >
line through the test points obtained from runs at the heavy beam loading
is taken from reference 2. Apparently, when maximum draft occurs prior
to bow immersion the same variation (unflaged points) is obtained as in
reference 2. This is to be expected since the conditions were practically
indentical except for addition of the simulated landing wheel. However,
for initial flight-path angles greater than 9° in which the bow was
immersed the test points fall below the curve established for runs in
which no bow immersion occurred. This indicates a smaller draft value
than would have been attained had the bottom continued straight and is
attributed to an increase in 1ift due to immersion of the bow. It can
be noted further that during two runs made at low flight-path angles
and at trims of 3° and 6°, in which the bow entered the water, the test
points fall above the curve, larger drafts thereby being indicated than
would have been attained in the absence of bow immersion. This is pro-
bably due to the presence of an area just aft of the bow exhibiting pres-
sures lower than would occur in the absence of a pulled-up bow. Such
a phenomenon apparently occurs at the low trims and low flight-path
angles and might be considered to result from the downwash imparted to
the water by the bow.

Figure 16 shows the variation of maximum 1ift coefficient with
initial flight-path angle for Cp = 18.9 and Ch = 4.4, The dashed
line appearing in figure 16 was obtained from reference 2 for Ca = 18.9,
and shows excellent agreement with the test points obtained during this .
investigation. This indicates that the same relationship between maximum
vertical acceleration and initial flight-path angle was obtained during
both investigations. -
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Figure 17 shows the variation of the drag coefficient parallel to
the model bottom with wetted length. The dynamometer struts used to
measure drag load were always parallel to the straight portion of the
model bottom and therefore measured only the load in this direction.
Since the model had a certain amount of mass, the drag load obtained
from the dynamometer had to be corrected for the inertia component of
the model in the drag direction in order to isolate the hydrodynamic
load. This was accomplished by noting the vertical accelerometer
readings at the desired instant and applying a suitable correction based
on the model mass and trim. It is apparent that, within the limits of
accuracy obtainable with this dynamometer, the drag load coefficient is
zero for the straight portion of the model. The scatter which in some
cases results in negative values is attributed to the combined reading
and instrument errors from the dynamometer and accelerometer.

Figures 18 and 19 show the variation of pressure coefficient with
length for various wetted lengths and trims, where the sequence of plots
at each trim corresponds to increased values of wetted length. TFigure 18
contains results obtained at CA = 18.9 and figure 19 the results

obtained at Cp = L.4. The trim values used in determining the equiva-

lent planing velocity (% = x + & cot T) for the bow pressure gages was
the actual angle made by the flat pressure-gage diaphragm with the undis-
turbed water surface. As the trim is reduced the areas of peak pressure
become highly localized. This results in lower peak pressure recordings
as the pressure area becomes small compared to the gage size. This
egfect becomes very pronounced at 3° trim and is apparent at 6° and

9" trim. It is possible that in addition to the gage-size effect some of
the attenuation of the pressure peaks might be a result of the frequency
response characteristics of the pressure gage and recording galvanometer
combination. The fairing of the curves was based on time histories of
the pressure records obtained for the highest flight-path-angle impact

at each trim. No attempt was made to fair the 3° trim runs since the
attenuation of the peaks was so great. Also no attempt was made to fair
the points obtained from the bow pressure gages since, at the same
instant of time, the equivalent planing velocity was a variable between
adjacent pressure-gage locations owing to the varying trim in this
region. A comparison of the pressure coefficients obtained from runs
made at Ca = 4.4 with those obtained at Ca = 18.9 shows that the
sustained pressure over the straight portion of the model bottom are
lower for Ca = L.4 due to load reductions which result from greater
accelerations of the virtual mass at the lighter beam loadings. However,
in the step region the peak pressure coefficients are higher for the
light-beam-loading condition, sometimes exceeding one. This is explained
by the fact that the beam is greater for the light-beam-loading condition
but the actual distance of the pressure gages from the step is the same
as in the heavy-beam-loading condition. Therefore, the distance to the
step measured in beams for the same gages is less for runs made at
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Cao = 4.4, As a result, the increase in pressure due to rate of water

rise as discussed in reference 3 is greater for the same gages in the
region of the step for runs made at CaA = 4.4. The fact that the
pressure-gage area was the same for both conditions, although the beam
was increased, may also contribute to obtaining higher pressure coef-
ficients during the test runs made at Cp = L.L.

The size of the simulated landing wheel was based on measurements
made on the ski used on the L-5 airplane. By noting the axle center
line and the size and shape of the cutout in the ski, the wheel size
and shape was constructed. The full-size wheel was scaled to one-half
size for these tests since the test model had a beam of approximately
one-half the actual ski beam in the region of the wheel. This scaling
satisfied the condition of similitude so that results obtained relative
to the wheel from these model tests are applicable to the L-5 ski.

The effect of the simulated landing wheel appears to be negligible
from the standpoint of over-all loads. It was previously noted that for
runs with the wheel in place the drag load parallel to the model bottom
over the straight bottom portion was too small to be measured by the
dynamometer (fig. 17). Furthermore, the 1ift coefficient obtained with
the wheel in place was identical with that obtained in the absence of a
wheel (fig. 16). Examination of the bottom pressure records showed the
wheel effect to be greatly localized. The only pressure gage apparently
showing effects of the wheel was number 2; however, on several runs made
at low trims, some effect was noted on pressure gages 1 and 11. It was
noted that as the flight-path angle increased pressure gage 2 showed
smaller interference effects due to the wheel. The effect of the wheel
on the pressure gages was evidenced by erratic changes in pressure with
time together with considerable reduction in the initial peak pressure.
In some cases no definite initial peak was recognizable.

One smooth water run was made at a trim of 0°. The nondimensional
coefficients are plotted against time in figure 20. Figure 21 shows the
actual value of the bottom pressures plotted against time for this run.
The actual pressures are presented since the pressure coefficients which
are based on the equivalent planing velocity would yie'd no information
for the 0° trim case (since for T = B cot T = ). L:amination of
figure 21 shows that several of the pressure gages on the aft portion of
the bottom were wetted before the remaining forward ones on the straight
portion of the bottom. This is attributed to disturbances present on
the -water surface induced by air motion created by the carriage and by
the model as it neared the water surface.

Three runs were made in rough water, two at 0° trim and one at
3° trim. Figure 22 shows the variation of wave height to wave length
for each run together with a sketch of the model made to the same scale

ey
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as the wave scale. The model is positioned on the wave at the initial
point of contact. A wave velocity of approximately 11 feet per second
was obtained from the wave profile record by noting the elapsed time
between wave crests. The wave form obtained was not the optimum possible
with the impact basin equipment, since this equipment was designed for
operation with an 8-foot water depth in the basin. However, for this
particular model it was necessary to make the rough-water runs in 6 feet
of water. This reduced the effectiveness of the beaches and resulted in
the wave shapes being subjected to reflections having larger magnitudes
than is normal with this equipment. The nondimensional load and motion
coefficients obtained during the rough-water runs are plotted against
time in figures 23, 24, and 25. The actual values of pressure obtained
during these runs are plotted against time in figures 26, 27, and 28.

In all these figures, zero time denotes the instant of water contact.

It is possible to obtain some idea of the magnitude and character
of the drag loads resulting from bow immersion by examination of the
drag-load-coefficient time histories appearing in figures 20, 23, 2.,
and 25. The drag time history can be correlated to the location of the
water line on the bow by noting the times at which the various bow gages
are wetted.

In order to provide for the greatest utilization of the test data
obtained during this investigation, table I was prepared containing the
values of the independent parameters together with the corresponding
experimentally obtained dependent parameters.

CONCLUDING REMARKS

The experimental results obtained during water landing tests of a
0° dead-rise model in the Langley impact basin are applicable in pre-
dicting the loads and motions exhibited by a flat rectangular ski during
impact with a water surface. Although the investigation was made at
beam loadings of 18.9 and 4.4, it is felt that the results can be used
to approximate values for the practical range of beam loadings.

The experimental data indicated that the effect of the landing
wheel on the ski used on the L-5 airplane was small from the standpoint
of both drag and vertical acceleration.
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It is felt that quantitative load values resulting from immersion
of the bow can be determined from a study of the time histories presented
of the three rough-water landings in addition to the run made in smooth
water at 0° trim.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.

REFERENCES

1. Batterson, Sidney A.: The NACA Impact Basin and Water Landing Tests
of a Float Model at Various Velocities and Weights. NACA Rep. 795,
1944. (Formerly NACA ACR LL4H15.)

2. McArver, A. Ethelda: Water-landing Investigation of a Model Having
Heavy Beam Loadings and v Angle of Dead Rise. NACA TN 2330, 1951.

3. Smiley, Robert F.: An Experimental Study of Water-Pressure Distribu-
tions during Landings and Planing of a Heavily Loaded Rectangular
Flat-Plate Model. NACA TN 2453, 1951.




. -
'
=
=
TABLE I g
DATA OBTAINED ON 0° DEAD-RISE MODEL E \‘
=
At instant of peak pressure on e peaki \J1
T v y x F, e F. | F, '] Pressure, 1b/sq in
Run o| Yo o| Yo <nj‘)m Bpax | max posz- y ¥ nS{Sx Gage HRber %
(deg)| (fps) |(fps)| (fps)|(deg) | (&) |(1b) |(rt){ing [(rt) [(fps)|(1b) [(1b) [(£t-1b)| 1 | 2] 3| | 5| 6| 7|38 l 9 ‘ 10 ‘ 11 |12 =
W = 1182 1b; C, = 18.9
1| o .1i 2.k 35.0| 3.90| 0.5 565 |0.6L
2 3 5.1| 2.8] 85.1] 1.88 o7 955 | .22[1, 10[0.0 2.8| 390 35 315 [12.2 30.6
11 .10| 2.8| 685| 50| 1100 | 6.7 12.6 [10.6
3, 12| .18 | 2.6| 915| 60| 825 | 3.7| - |35.4 10.8 | 2.0 | k6.2
) .23 1.5/ 810 65 410 | 5.5 - | 9.1(3h.9 10.8 | 4.6 1.7
3 3 PIs.0] 2.h 2.9 3219 3 Loo | .L11, 10[ .03 | 2.L] 165| -5 275 | 5.1 5.9
11 .0b | 2.4| 370| -5 565 | 2.5 - 1.8 | L.l
3, 12| .10| 2.4/ 385| -5 b10 | 1.9 - |10.4 2|0 16.7
.18 | 1.9| lao| -5 35 | 1.5( - | 2.1[12.8 0 3 |Hes0
5 27| 1.6 385 -5 -L10 | 1.1 - [ 2.1f 1.1[11.7 0 o7 15 2.0
6 +29| 1.k} 335( -5 -485 | 1.3 - | 1.9] 1.1 1.2[15.1 <240 820
1 351 1.0 305| -5/ -850 | 3.3] - | 1.9 .9 .u|2.1[11.8 A S AP
N 3 h.5| 2.7| k1.L| 3.75 S s | - [1, 10] .01 | 2.6] 150 -5 255 | 6.9 7.4
| 06| 2.6| 300( -5 700 | 2.1 - 1.6 | 6.6
3, 12 .09 2.6/ 390| -5| L70 | 1.5 - [20.5 .8 +7 | 20:3
b AL [ 2.2| 345|-10| 100 | 1.5 - | 3.0/ 8.8 .6 <2 |81
5 -2h | 1.8| 330 -10| -L%5 | 1.3| - | 2.2| 1.0[1k.l <61 ST T
6 -2 | 1.7 315| -5| -565 | 1.3| - | 2.4] 1.0 1.915.8 N S S T
7 «28| 1.4 315 35| -565 | 1.1| - | 2.2| .6| .6/ 1.1 13.4 b S| Te1
8 .39 6| 250 1?; =565 '3.1) o= L1680 Gl 6100030 | r.s o) #2101 3
s 6 90.3( 2.7( 90.2(1.72 1.0 (13%5 [ .13(1, 10| .01 | 2.7] 820 1200 [58.6 L3.8
1 .06 | 2.5(1300|130| 2u85 | 3.5/ - 16.0 | 30.2
6 L8.L| 1.7] LB.L[1.98 3 335 | .1h[1, 10| .02 | 1.7] 230| 55| L15 [20.2 17.5
I 11 0L | 1.4) 335( S0 705 | 2.3 - 1.0] 5.9
;) 6 VI I O 1 2 e ) o3 170 | .12|1, 10| .01 | 1.3[ 115[-10 185 | 9.0 10.7
2, 11| .07 | 1.0( 170|-10| 335 | 1.5| 1.8 6| 2.2
3, 12| - - - - - - - - - - -
8 6 61.1] 2.4 61.1[ 2.2 .6 735 | .21]1, 10[ .0L | 2.L] 375 [ 30 25 [37.6 L2.0
0 2.h| 620 | 20| 1335 | 2.9(11.6 5.9 [18.5
e, 3,12] .18 ) 1.7|655| 20| 815 | 1.7| 1.0/30.2 L.1| 2.0 |28.8
9 6 | 3k2| 3.3]3h.05.L9 3 L75 | .58|1, 10 .03 | 3.3[ 1L0| O] 290 [18.9 0.5
» 11) .06 | 3.3| 345 | 10| 700 | 1.3]17.6 1.h | 1k.6
3, 12| .16 | 3.0| LSO | 25| 5LS k| 2.5)17.5 -2 | 1.2 ]16:7
Il | 2.2 k50| S| 100 | .2| 2.3] 2.9[1k. % 11
5 49 | 1.1 355 | -10| -1 0 | 13686\ 6] 9. 0 0 1
: 6 bl .bj230] -5| -160 | 6] 2.1 12.3] .2| .3 7.2 0 2 88
10 (| 6 | 34.7 | S.k|3k.3[8.98 .8 855 | «6k|1, 10| .02 | 5.3] 285 [-10| 105 [2B.5 -
2, 11|.07 | 5.3| 655 |-20 | 1210 | 2.3| - 1.9 | 3.8
3, 12| .16 | 5.0f 825 [ 10| 1205 | 1.3| 2.6|25.5 8| 2.1 ]26.9
k ; L.3| 760 [-10 | 255 | 1.1| 2.k| 2.6(29.0 4| Y9 | 2.4
[ U5 | 3.4| 685 [-25 | -730 +8| 2.7 1.8| 1.2(20.6 4] 1.h] 1.9
6 L9 | 3.2| 655 |-20 | -790 | 1.3| 2.4 1.8] 1.2| 2.0[13.6 0 1.k | 1.6
T 57| 2.6| 565 | 20| -860 | 1.5| 2.4 1.3| 1.2| .9/ 1.8]12.0 2. 2.2 1.6
- Not readable
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%
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TABLE I - Continued

e ) . ' ; : At instant of Eu.k ;geunra on gage n!lk/ ng
< A) x F, F, F. M Prouure 1b/sq in
Ao o Yo ) Yo (.1')-“ noes Taax 0" [ \ n| K e 2 q ‘} \ .
deg)(fps) [fps) |(fps) (deg)  (g) | (1b) (ot) e |(£0)| (tpe)| (10) (a0)| (s2-20) | 1| 2[3 b ] 5 \6 \7 8 (9|10 | n |1
W = 1182 1bj Cy = 18.9
1L |9 [87.5 | 2.3] 67,5 151 L2 | wrs| 0.0 0.02) 2.2 930 19| 2190 ' %o
2, 11| .okl 1.2 [1h75| -8| 2860 1.7 3L 11.7 150
12 | 9 [52.6 | 2.1 52.5] 2.26 | .5 580 .19(1, 10| .02[ 1.8 | 325| 65| 620 |[21.7] 23.)
2, 11| .13[ 1.5 | 580 So| 885 1.2/12.3 0 20.7 i
13 | 9 [k8.1 | 2.0] k8.0] 2.37 L 505 .10[10 .02 1.8 [ 300/ -20[ 690 [18.8 2155
2,11 .10 1.h | 505| -25| 895 | 1.8/11.6 0 115.9
1L 9 5.0 | 3.3 LL.9| L.1& .5 710 .32[1, 10| .o4| 3.1 | 350/ of 860 [16.7 -
2,11 .11] 2.9 | 570, 15| 1k10 | 3.9(10.1 (oJN -4 5 &
o . 3, 12| .22 1.8 | 660| 10| 1105 | 2.8| 2.5[16.8 0 o (18,2
15 9 |[34.6 | 5.7 3h.1| 9.5k .8 1005 | .75(1, 10| .01 5.k | 220 O L20 |24.9 25.7
2, 11| .08| 5.3 | 7ho| -S| 1775 | 3.1|27.h 2,9 | -
3, 12} .22 h.9 |1005| 15| 1360 .8 2.4|23.6 1.0 | 1.k |23.6
L .39| 3.8 | 965 0| LkS b 2.1 1.6|22.7 oA SRS
S 65| 2.0 | 6kS| -25| =360 2| 2.01 L8] hl11.9 8 5 | 21
L _ALE .69 1.4 | kS| of -345 o (el A [ T VAT T 2 ) | [ o2 .5 5
16 9 |34k.0 | 6.9 33.3(11.61 | 1.0 1115 | .94[1, 10| .05| 6.9 | 365| -5| 285 [25.L| 21.6
2, 11| .13| 6.8 | 790/ 0| 1790 [12.0[29.6 3.7 | 38.0
3, 12| .25| 6.3 |1065| 0| 1SS 2.1 k.3 |27.2 2.2 | 3.4 |30.8
b | 45| 5.2 [1090| 20| 255 | 1.7| 3.5| 3.5|27.3 1.5 | 2.5 | 2.8
5 .68| 3.5 | 885| -10| -6L0 | 1.5| 3.3| 2.4| 1.7/18.2 1820 Sl 200
6 | .76| 2.6 | 790| -20| -900 | 1.5| 3.1| 2.k| 1.2| 3.0(13.3 120 R
7 86! 1.8 | 650| -15| -810 | 1.1} 3.1]1.9|1.2| 1.6| 2,5[10.0 A 01 TR A T 0)
17 (12 [60.0 | 2.1|60.0| 1.98 | .7 910| .11, 10| .02 2.1 | k96| -5] 1205 [31.8 35.0
2, 11| .1k| 1.3 | 885| -35( 1800 | 3.5|22.9 ] L7268 |
18 |12 [50.1 | 2.2[50.0| 2.L6 .5 65| .17| 10 .02[ 2.0 | 370 55| 910 | - - 23.9
bes e e 1 .13/ 1.4 | 615 LS| 1100 | - | - Al 2:3.[ 17k
19 (12 [u5.5 | 3.2 LS.k| L.O2 | .6 700| .28(1, 10| .0h| 3.1 | 355! 20| 690 |25.7 \ 29.6 5
= (= 2, 11| .13| 2.7 | 64S 0| 1310 2.3/11.8 Te8 2
20 [12 |87.1 | 6.8 86.8| kb6 | 2.5 3520 | .36(1, 10| .06| 6.5 (2175 35| k375 [81.7 70.0
2, 11| .17| 6.5 |2920| 55| 6490 [11.h|kL3.5 11.7 | 7he7
3, 12| .3L| 1.9 [2695| 50| k165 5.1/11.6 [5k.8 5.2 | 9.6 [53.6
21 (12 |LbS.9 |[L.B|LS.7|S5.97 | .8 165 | .50[1, 10| .ok| L.6 | Sko| 0| 1070 |33.h 2.5
2, 11| .13| k.5 | 985| -35| 2100 | 2.3|26.8 1.7 |32.7
: » 12| .29! 3.3 [1125| <15 1790 | 0 | h.0]22.2 0 2.0 [20.6
22 |12 |34.6 | 9.0 33.k|15.08 | 1.k 1575 | 1.14 1, 10| .02| 8.9 | 575| -10| 805 [32.0 18.3
, 11| .13| 8.9 (1095| 30| 2640 | 3.9|22.8 1.9 | h0.0
3, 12| .32| 8.1 [1520| O] 2390 2.2 L9 |27.3 o9 | he3 |26.8
b | 59| 6.7 [1475| -10| 590 | 1.6| 3.3| 3.9|2k.3 «91[52:918923
5 .90| k.1 (1165| 15| -705 1.2] 3.0/ 2.6 2.0/15.7 <6 52,1 (| =255
6 | .99| 3.0 (1065 10(-1035 | 1.k 2.8 2.k | 1.k 3.5(12.3 <6l il =279,
7. 11101128 -15| -862 | 1.h| 25(2.}4| 1.0/ 1.6/ 3.5| 9.8 61 1.9 | 2.2
23 |12 |29.7 |8.3|28.5[16.23 | 1.0 1290 | 1.28[1, 10| .ok| 8.2 | k85| of 580 [23.8 -
2, 11| .13| 8,2 | 880| -10| 1850 | 3.7 |16.7 3.7 |30.1
3, 12| .31 7.7 (1250| -20| 2062 | 1.0| 3.5 [23.1 1.2 | 2.6 (245
L 57| 6.3 [1235| -15| 665 | 1.5]1.8|21.5 8| 1.k | 3.3
5 .91| k.3 |1010| -S| -T15 B 1k 11 1.5113.3 0 AU .8
6 |1.00| 3.5 | 855| 10| -895 o2l 11 .Bll.o 2.2( 9.1 0 o .8
7 [1.10| 2.7 | 760 -20 | -802 o2 15T .5| 6| .5|1.8] 6.6 <22 e
5
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T4BLE I - Continued

L2d16T WY VOVN

| I
| . : At instant of peak pressure on gape peaking
T A/ y x Y ¥, Ymax O2ge | ¥ y R e ___ Pressure, 1b/sq in
9 ] o o ni')-_x may | ©Max peak- fieisd } K J Gage number i R =
([(deg) |(fps) (fps) (fps) ((deg) | (g) ((lb) ((ft) ing |[(ft) l(rpa)j(lbh(lm(ft-lb) 1|23 |h ‘5 6 |7 |8 |91 12
W = 1182 1b; c, = 18.9
15 | 59.2 l2.2 59.1| 2,16 | 0.8 | 900|0.1k[1, 10[0.0k | 2.1| 5kS| -30| 1375 |28.5 =] 21.9
15 [ bS.5 [1.9 [L5.5] 2.k2 B 710 .191, 10| .06 | 1.B[ 355 -15[ 975 [19.1 ?1.0
L * 2,11/ .15 .8[705| -5| 1450 | 2.9[12.3 2.9
15 | k5.1 | 3.0 |k5.0| 3.85 7 815 = .28[1, 10| .07 | 3.0[ LoS| 15[ 980 [2L.6 2.5
2,11 .15| 2.3|725| -10| 1750 | k.7 [11.8 k.0
15 | 88.8 | 8.5 |88.k| 5.L46 3.3 3980 | .kh|1, 10| .10 8.5[2330] -15 | 3316 |80.3 37.3
2, 11| .17 | 8.0(3335| 60| 6683 15.2] - =
3,12} k2| 3.413705| 35| lah3 | 5.3|- [5).2 4
15 | k6.7 | 6.2 (k6.3 7.66 | 1.2 | 1L95| .6L|1, 10| .09| 6.1 720( -31| 1150 | 27.3 25.7
| 2, 11| .17| 5.7(1190| -LO| 2645 | 5.k [27.2 k.7 129.7
! e 3, 12| .ub| 3.81430| 35| 1850 | 1.2 5.1 [20.2 1.8 | 1.9
15 | 3.8 [ 9.6 [33.L[15.9k | 1.3 - [1.15]1, 10| .05 | 9.8] - [ - 990 | - . I = il
2,11) .29 9.6] - - | 2395 - |30.9 J = o
( 3, 12103118 9, 3 =AW= 1 | agani . L.8|23.2 - h.2
bo| .7h) 7.2] - | - 70| - | 3.0 3.0'19.6 - 2.1
1 A s 11 ST R R Sy | RE R 1.1'1.6 12.2 ]
S e | (i 6 .23 3.00 - | -1 -7h0| - [ 16| .8/31.0[1.6]- - -9
15 | 35.7 [10.0 | 34.3[16.31 1.6 1860 | 1.19[1, 10| .02 | 10.0] LS5| -30 715 | 25.0 [ 26.0
2, 11| .1kL| 9.7(1195| 15| 2300| 6.0(2h.1 | 8.3 [37.1
3, 12| .39| 9.2|1760| -25| 2650 | 3.3/ 6.5|27.5 | 2.l 5.2
b 69| 6.9(1735( -3| 625 | 2.1 3.7| L.3|22.3 LY E
' ‘ 5 |1.07| 3.2|1220| -25| -805 | 1.7| 2.8| 2.k | 2.1/12.8 Gl
i | 6 11,17 1.3] 950/ -ko| -750| 1.5| 2.7| 2.2 1.2| 2.7] 8.6 1.20|051.9
15 [ 31.5 [10.3 [ 29.8[19.06| 1.4 | 1760 1.36|1, 10| .02 10.2| 5h0| 25 350]|25°1 [ 26.3
‘ 2, 11| .12| 10.0/ 990| 50| 2090 | 5.0(30.8 5.6 | 33.0
[ 3, 12| .36| 9.5/1555| 55| 2370 | 2.7| 3.7(25.L| 2.5 [ T
k| .64| 7.7(2660| 10| 500 1.5| 2.8| 3.2(22.1 1.7 | 2.6
‘ 5 [1.03| L.8/1330| -25| -1010| 1.3| 2.3| 3.9/ 1.9|1k1 136400
6 |1.14| 3.8/1166| -15| -1200| .8| 2.0| 1.6 1.5| 3.7[10.k 8] 1.9
| 7 [1.23] 2.6{1000| -15| -1085 .8 2.0| 1.6| 1.2 2.0 3.2/ 7.4 8| 1.7
W = 1261 1bs Cy = L.k
32| 3| u8.8 z.z'z.a.a’ 2.52] .5 | 80| .13[1, 10| 01| 2.1] 175] - 10| 17.3 ;
| ’ y 2] 2.0/ 575| - | 1240| 0 [20.2 ‘
=l | | ) I R -3 (o s U S iy () S 580 | 1.2| .5/19.3
33 3| 50-1 | L.9| L9.8| 5.66| 1.7 | 2230 .33|1, 10| .0L[ L.9] 195| - 55 [19.3
| 2, 11| .02| k.9 1ukS| - | 2740 k.1{53.6
3, 12| .06| L.7l2220( - 3605 6| 2.6/23.8
’ L |[.15]) 3.7/1685( - k20| 0 | 1.0[ .7|26.1
i 0 g S | 28] 2.2 930| - | -168€ | -1,2/ 0 | .7 1.2|2h.6
3| k2.5 | 6.2| k2.0 8.42 2.0 2635| .55/1, 10| - 6.2 620/ - 610 16.8
, 11| .01| 6.1/2025| - | 2605 | 5.8/29.h
3,12 .07 5.8/2565( - | Lhho! 1.7| 3.5|28.7
Lo .22 s.g 240 - | 575| 1.2| 1.0 .8 eu.g
4o b e s [eal keaipeel -J -1535 | 1.2/ 1.5| 0 | 1.8 30.6
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TABLE I - Concluded

91

g . ( N At instant of peak pressure on gage peaking
T v x Y F, Y, Gage |y y | F F, M - Pressure, 1b/sq in
Run © 7o 9 < \ni')nx Tmax |"RAX peak- A K Gage number
(deg) [(fps) ((fps) ((fps) [(deg) | (g) [(1b) |[(ft) [ing |(ft) [(fps) |(1b) |(1b) |(ft-1b)| 1 L2 | 3| b|s|6] 7|8 9[10 (12|12
W = 1261 1by C, = L.bL
35| 3 | L2,k |6.3 | L1.9| 8.55 | 2.0 2490 [0.521, 10(0.01 | 6.2| 80| = 60 | 17.9 13.8
2,11 .03 | 6.2(2240| - | 2895 | 5.8 15.7 5.8 |19.L
3, 12| .07 | 6.1|2490| - | L1SO| .6 1.0(27.5 1.2 | k.0 |30.9
W16 | 5.3[2270| - 730 6] 1.0]2.2(25.3 1.2 | h.o| 3.3
5 .23 | L.1]1690| - | -1805 b S| .7 .6]32.7 1 28|Ries .8
36| 3| b3.1|8.6 | Lk2.,2[11.53 | 2.8 3680 | -75|1, 10| .01 | 8.6 260| - 190 | 18.2 13.L
2, 11| .02 | 8.6|aLo| - 2545 | 1.7 (23.6 2.3 |29.9
3, 12| .07 | 8.3|3425| - | 5075 | O | 3.9(25.2 2.3 | L.B|26.3
13| 7.6[3495 | - 2345 | 0 | 3.4 3.7(33.2 L R ST
22| 6.7/2920 - =975 6] 3.0| 3.0 2.L|28.3 6 | 34| 1.7
37| 9| 50.5]2.1 [ 50.k] 2.35 | .9 1240 | .10[1, 10| .02 | 2.0] 805 | - | 1235 28.0 33.8
2,11 .06| 1.8/1205| - | 2505 | 1.1[28.3 1.2 | 28.1
38| 9| 50.1( k.8 | L9.9| 5.L8 | 1.6 2070 | -29|1, 10| .01 | L.7[ 8LS| - 910 [ L6.8 Sh.2
» 11| .09 | L.5|1725| - | 3880 5.7|k2.5 6.k [52.3
3,12] .24 | 2,5]1810| - | 2290| 1.1) 2.0/25.6 1.8 | 2.6 | 26.3
39! 9] 51.2{5.0 | 51.0] 5.62 | 1.8 2260 | -27|1, 10| .01 | L.9| Lio| - 20 | bT.L 52.5
2,11 .08 | L.B[1855| - | 3990 | bL.l|k6.0 Lol | k7.6
3, 12| .22| 2,9(1980| - | 2i80 6| 2.0[25.6 0 2.0 26.3
bo| 9| L2.9| 6.1 | h2.5| 8,12 | 1.9 2380 | .u6|1, 10| .01 | 6.1 k60| - 335 | 37.1 ‘ L9.6
2,11 .13| 6.1/1570| - | 3500| L.O0|k2.9 | 3.5 | k5.9
3, 12| .25 | 5.0(2380| - | 3280| O | 2.0| - ‘ 0 1.3l -
M3 1,8/2380| - | -255| 0 |0 | - [17.2| 0 0 -
L1 9 | hhsoo| 6.2 | L3.5| 8.13 | 1.8 2L0s | ohhk|1, 10| .01 | 6.2 70| - 1770 | LS.1 ‘ 37.8
2, 11| ,10| 6.1|16%0| - 3750 | 5.3|k6.5 6.0 | 50.1
3, 12| .27| L.S5|2325| - 2865| 0 | 2.5| - 2.h| .7/ 26.5
| | 1.7)145] - 180, .6| 1.0/ ..8/15.1 6] 0 o]
L2 9‘ 42.8| 8.1 | L2.1/10.8L | 2.4 3240 | .55(1, 10 .01 | 8.0| k25| - 5351[F51.2 15.5
| 2, 11| .07 | 8.0|2ln0| - Lhbho | h.l|62.8 7.5 | 63.k
3, 12| .22| 7.2|3240| - k530 6| 3.5\k9.7 2.3 | 2.0]51.2
2 25 WLl !é.s 2352 - 32; Si . 1.0/ .7/32.8 66.6 7| -
b 9 | L3.8/| 8.k | L3.0{11.02 | 2. 2u0| -58[1, 10| .01 o3l - it 5 .0
2 [ 3 2, 11| .12| 8.3|570| - L665 | 8.6(67.6 9.0 | 68.2
3, 12| .23| 8.3|3240| - | L660| L.6| 6.2(53.6 Le8 | 7.7 59.2
: 4.8/2520| - 735| L.6| 3.6/ 3.8/3L.7 3.0| h.2| 6.9
15 | 50.0] 2.0 | 50.0{ 2.28 | 1.0 1320 | .10[1, 10/ .02 2.0[ 800| - 1830 21.2 2L.6
LS| 15 | 50.2( L.9 | 50.0| 5.55 [ 1.8 2165 | .28[1, 10/ .ok| L.B| 880 - | 1125| 38. L5.0
2,11 .30 L.2{2230] - | LS3S| S.7([33.9 5.9 | 32.k
L6| 15 | L3.7| 6.2 | L3.3| 8.18 | 1.9 2510 | .39(1, 10| .03( 6.2 905| - 1075 | 37.6 k6.1
2, 11| .13| 6.0(/2070| - | L200O| 6.L|33.9 5.9 | 3k.7
3,12 .34 2.8/2095| - | 2095| 2.3| 2.5[17.3 1.2 2.6/20.0
Lb7| 15| L3.7] 8.5 | L2.9[11.15 | 2.k 3185 | .50|1, 10| .02| 8.L| 810 - 365 | L5.7 51.3
2, 11| .12| 8.0[2L%5| - | 5065| 6.L| k3.0 5.8 | 1.0
3, 12| .35| 5.9/3110| - | L4525| 1.7| L.0[25.6 1.2 | k0| 27.6
|
Rough water: W = 1182 1b; Cp = 18.9
L8| O] L6.9! 3.k | k6.8 L.O9| 2.0 2260
L9 0| L7.7| k.2 | L7.5| 5,08 | 2.1 2530
50| 3| L7.8] 3.9 | k7.6] L.T70] L.k | 57%0
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Figure l1l.- Lines of 0° dead-rise model.
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Figure 2.- Photograph of 0" dead-rise model mounted for testing in the
heavy-beam-loading configuration.
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Figure 3.- Photograph of 0° dead-rise model mounted for testing in the
light-beam-loading configuration.
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20 NACA RM L51F27

center of moments

a,
Figure 4.- Location of pitching moment axis,




Position s x Position s x
(in.) |(din. (in.) |(in.)
i 3.96 0 7 66.48| 0
2 11.04 0 8 69.84| 0
3 2. 00 0 9 727210
N 39.48 0 10 3.96| 3.25
5 57.84 0 11 11.0kL | 3.25
6 62.88 0 12 24.00| 3.25
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Figure 5.- Sketch showing pressure-gage locations on 0° dead-rise model.
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22 NACA RM L51F27
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Figure 6.- Variation of normal-force coefficient with wetted length for
various trims. Cp = {2} 12)
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Figure 7.- Variation of pitching-moment coefficient with wetted length
for various trims. Ch = 18.9.
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Figure 8.- Variation of vertical velocity ratio with wetted length for
various trims. Cp = 18.9.
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