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NOTATION
Beam of planing boat
load coefficient, A/wbz
Rise of center of gravity in smooth water
Acceleration of gravity
Significant wave height
Amplitude of CG excursion from mean
Average value of h
Average of 1/3 highest h values (significant value)
Average of 1/10 highest h values

Mean vertical position cf tow point in waves relative to zero speed
floating position in calm water

Pitch gyradius, in percent of length

Overall hull length

Longitudinal center of gravity, percent L from stern

Added resistance in waves

Horizontal speed

Vertical center of gravity, height above keel

Speed length ratio, knots/ (ft) 172

Specific weight of water

Deadrise angle in degrees

Hull displacement

Bow vertical acceleraticn in gs

CG vertical acceleration in gs

Stern v=rtical acceleration in gs

Amplitude of pitch motion in degrees relative to mean
Average value of 6

Average of 1/3 highest 6 values

Average of 1/10 highest 6 values

Mean pitch angle in degrecs in waves relative to aorizontal
Trim angle of keel in degrees relat: e to horizountal (Onc in calm water)

Static tiim angle
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ABSTRACT

Experiments were conducterd in waves with several constant
deadrise models to assess the rough water performance of high
length to beam ratio planing craft. Several models with L/b = 7
and one with L/b = 9 were run in waves to determine the effects
on performance of basic design parameters such as speed length
ratio, loading coefficient, wave height to beam ratio, deadrise
angle, trim angle and length to beam ratio. Charts have been
prepared for estimatiag the pitch and heave motions, vertical
accelerations and added resistance in waves.of the high L/b craft.
Two problems encountered with the mcdels which may present
obstacles in the design of high leagth to beam ratio craft were
the extremely high impact l.oads as indicated by the high impact
accelerations and, larg: quartities of water over the deck
resulting from the bow plowing through wave crests.

ADMINISTRATIVE INFORMATION

The investigation was authorized by the Naval Sea Systems Command and funded
under Task Area ZF - 43 - 421001.

INTRODUCTION

In anticipation of futura trends in planing boat design, the data base used
in characterizing the rough water performance of planing boats has been extended to
include high length to beam ratios. The original data base was provided by
Fridsma'sl systematic study of constant deadrise prismatic models in irregular
waves with length to beam ratios of 4,5, and 6. 1lue present study has extended this
data base to include length to beam ratios of 7 and 9.

Experiments were conducted in waves with several constant deadrise w 1s
to determine the effects on performance of several basic design parameters such as
speed length ratio, loading coefficient, wave height to beam ratio, deadrise angle,
trim angle and length to beam ratio., Charts were prepared which enable the designer
to estimate the pitch, heave, vertical accelerations, and added drag in waves of
a high L/b craft.

There did not appear to be any obvious advantages in the rough water performance
of high length to beam ratio craft over more conventional length to beam ratios;
in fact, the impact loads appear to be higher. The models utilized a constant
deadrise parabolic bow and it is expected that a more conventional bow would have
greatly reduced the slamming problem. Water over the deck,brought about by the

models plowing through successive wave crests at high speed,also appeared to be a

Treferences listed on Page 13 1




potential problem, 71his was less of a problem on the L/b = 9 model than on the
comparable L/b = 7 model; however, the bow impact accelerations of the L/b = O model
were higher.
DESCRIPTION OF MODELS AND INSTRUMENTATION

The models used in these experiments were identical in"faem to those used
by Fridsmalexcept for higher L/b ratios. Two models with L/b = 7 and deadrise
angies of 10 and 30 degrees were constructed oy the Davidson laboratory under contract
to the Center. The Davidson Laboratory also provided on loan to the Center an
existing model with an L/b = 7 and deadrise angle of 20 degrees. A fourth model
was constructed at the Center with an L/b = 9 and deadrise angle of 20 degrees.
All models were fabricated out of alrcraft type plywood and high density plastic
foam (for the bow shape) to obtain lightweight rigid models appropriate for
seaworthiness experiments. A thin plastic strip extending approximately 1 mm below
the chine was attached to the sidewalls of the models to insure separation during
planing. The model lines are shown in Figure 1 and photographs of all focur models
used in the experiments are shown in Figure 2.

The models were towed at constant speed by a lightweight strut consisting
of a gimbaled heave staff ,that permitted the models freedom in pitch and heave.
In order to accommcdate the heave staff an aluminum rail was attached to each model
which allowed for quick adjustment cf the longitudinal position of the tow point
and for quick adjustment of ballast weights to obtain the required trim and radius
of gyration conditions. The vertical position of the tow point, which corresponded
to the pitch axis, was fixed for each model at a point 0.39 beams above the keel.
The vertical center of gravity varied with loading condition, but was always below the
tow point. Table 1 lists the location of the vertical center of gravity (VCG) as
a function of loading for all four models. Since the ballast weights were moved
only along the rail parallel to the baseline, there was no significant change in
VCG with trim angle.

Table 1 - VCG* Lecation

VCG/b
MODEL Cy=0.8 cy=1.0 c,=1.2
8=10°, L/B=7 0.34 0.36 0.37
8=20°, L/B=7 0.36 0,37 0.38
8-302, L/B=7 0.29 0.32 0.33
R=10", L/B=9 - 0.36 0.37

*Expressed as fraction of beam
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The radii of gyration of the unballasted modals were determined by suspending
each model in air from the pitch gymbal like a pendulum and measuring the period
of free oscillations. Calculations of the radius of gyration from the period
of free oscillations weremade using the classical equations of a pendulum. The
location of the corresponding center of gravity, which is also required for these
computations, was obtained by applying a small moment to the suspended model and
measuring the resulting static trim angle. The above results were used to compute
the location of ballast weights along the model rail for the various experimentsl
conditions in order to obtain a specified radius of gyration, or conversely, to compute the
radius of gyration knowing the location of ballast weights. A radius of gyration
equal to 25 percent ship length was originally specified for all conditions, but
could not be achieved in the high displacement conditiens.

Vertical accelerometers were installed in each model at the bow, stern, and
center of gravity. The bow accelerometer was located 10 cm arft of the stem,
the CG accelerometer was located above the pitch pivot point and the stern accelerom-
eter was located 2.5 cm forward of the transom. The gages were force balance
type with a range of 50 g and a natural frequency of 1000 Hz (Kistler Model 305A).
Special Kistler signal conditioning equipment was used with the transducer.

Pitch and heave motions of the mocels were measured by potentiometer type
transducefa mounted on the heave staff or towing strut. A David W, Taylor Naval Shin
Research and Development Center (DTNSRDC) designed block gage was also mounted on the
strut to measure drag force. Wave height was measured by a sonic probe mounted on the
carriage ahout 20 feet ahead of the model. The models forward of the tow strut were
sealed at the deck by a thin sheet of clear plastic to prevent spray and water from
entering the models, A lightweight movable brex™ water also made of clear plastic
was mounted on the models near the tow strut. The aft portions of the models were
sealed with thin plastic sheet made of "ziploc bags" for quick access to the ballast
weights and tow point attachment.

Data were recorded on an Interdata Model 70 digital computer for on line and off
line processing. Vertical accelerations were recorded on analog tape with an Ampex
PR 2200 recorder and converted to digital tape,or recorded directly on digital tape
for off line procesaing by the Interdata. The pitch,heave,drag and wave tape height
data were sampled at a rate of 75 samples per second after being passed through a
4 pole low pass Butterworth filter with a 15 Hz cutoff. The verti:al accelierations
were sampled at a rate of 2300 samples per second after being passed through a filter
with a 1500 Hz cutoff. A Honeywell Visicorder and a Samborn recorder were used to

3
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visually monitor the data during the experiments.

EXPERIMENTAL PROGRAM AND PROCEDURE ,

The experiments were conducted in irregular waves with siqnificant wave heipht to
Leam ratios of 0.222,0.444, and 0.6€6, and at model speeds of 4.58.6.87, and 9.16 knots.
Typical wave spectra are shown in Figure 3. The above speeds correspond to speed
length ratios of 2, 3, and 4 for *the models with an L/b ratio of 7 and slightly lower

values for the model with an L/b of 9. Three displacement conditions corresponding
to load coefficients of 0.8, 1.0, and 1.2 were examined on all models excluding the

model with an L/b ratic of 9 which could not be trimmed properly at a CA of 0.8,
A trim angle of 3 degrees was used throughout the experiments except for the 10
degrees deadrise model which was also tested at trim angles of 2 and 4 derees and
the 30 adegrees deadrise model which was also tested at a trim angle of 2 degrees
(both at a load coefficient of 0.8). Early in the test program a judgment was made
that running the models at trim angles other than 3 degrees presented an unaccept-
able risk of severely damaging the models in the high speed sea ctate conditions, On
three occasions the model being tested, along with the towing apparatus were severely
damaged. Speeds higher than those used in the program could not be run for the same
reason, and in several instances, the high speed - sea state condition had to be
aborted for the safety of the model and test equipment. Also, the 2 degrees trim
angle condition resulted in higher calm water resistance than for either the 3 or 4
derrees trim conditions which were about equal for the 10 degrees deadrise model,
Several calm water runs were made pricr to each v :ries of wave runs to obtain
the desired operating trim angle for a given speed and loading condition. Ballast
weights were moved along the rail in the model to change the location of the
longitudinal center of gravity (along w!th the tow point) until the proper calm
water trim angle was obtained. The tow point was always located at the longitudinal
center of gravity. This was verified by suspending the model in air by the pitch
gymbal or tow point and assuring that the model hung in a balanced or level position.
For any CG location, the corresponding location of the ballast weights required to
obtain a specific radius of gyration was determined from calculations using
information previously obtained for the unballasted model. A radius of gyration of
25 perczuat of the ship length was intended for all model experiments, but could not
be realized in the light displacement conditions because of insufficient movable
ballast weight. In these conditions the models were ballasted to obtain the




specified calm water trim irrespective of the radius of gyration. Table 2 lists
the model configurations that were used in the experiments including the radius of
gyration,

Six passes were made for each condition to obtain approximately 100 samples
of amplitude data to ensure adequate statistical analyeis. Most of the data runs
(approximately 75 percent) exceeded 100 samples with the highest number being
about 300. The remaining data had less than 100 samples per run,with a few as low

as 60 sumples,
DATA ANALYSIS

PITCH ANC HEAVE MOTIONS

In order to characterize the rough water performance of the models, a statistical
analysis was performed on the amplitudes or peak values of the motions and accelera-
tions to determine the significant values and other statistical parameters.

The procedure followed in the case of the pitch and heave motiors was first to
determine the mean valuee of the time histories for each run aad subtract these
values from the corresponding data records so that the mean values became the zero
reference for the amplitude measurements. The mean value of the pitch motion is
the average change in attitude of the keel relative to the horizontal,and the mean
value of the heave motion is the average change of the center of gravity in the
vertical direction relative to the calm water floating prsition at zero speed.

The amplitudes were determined by defining a cycle of motion as three consecutive
zero crossings,and selecting the largest positive and negative values in the cycle.
For the purpose of these experiments,the largest positive value in a cycle was
defined as a crest and the largest negative value as a trough. This resulted in
pitch bow up and heave down baing defined as crests., (Note that this may differ
ivom other conventions.) The crests and troughs collected from a run were sorted,
and computations were made to Jetermine various statistical parameters including the
significant values and the average of the 1/10 highest values. These data are
summarized in Table 3 for the pitch motion and in Table 4 for the heave motion;

The above analysis was performed on the Interdata Model 70 computer which also
provided histograms of the data. An attempt was made to fit these histograms to
various probability distribution functions. The pitch and heave data (both crests
and troughs) for 14 selected runs were fitted to the Rayleigh, Welbull and

T R L e e e e e b e e s s ———— g T ey et =




Generalized Gamma distribution functions, and a chi-serared goodness of fit test
performed to determir.e the acceptability of each fit. The test was performed at
the a = 0.05 level of significance, A detailed explanation of the tests can be
found in most textbooka on statistics (see Reference 2).

Approximately 52 percent of the histograms passed the acceptance test for a
Rayleigh distribution and only slightly more (55 percent total) passed for a Weibull
distribution. The Generalized Gamma distribution provided the most-acceptance with
71 percent cf the histograms passing. Unfortunately, the Generalized Gamma distri-
buation, which requires three parameters to define, is considerably more complicated
to use than the Rayleigh distribution. Using the much simpler Rayleigh distribution
tc characterize the experimental distribution may, in some instances, lead to errors

of about 10 to 15 percent: howzver, this still may be acceptable for some engineering

purposes.

ACCELERATIONS

The acceleration data were different in character from the motion data and
required a slightly different analysis procedure., Time histories of the accelera-
tions from most of these experiments consisted of impact spikes superimposed upon
the rigid body accelerations. In spite of the rigid construction of tiie models,
the impact spikes introduced hull vibrations whose frequencies were in the same
range as those of the impact spikes. This presented a dilemma in that some of the
vibrations could be falsely identified as impact spikes in the processing routine,
and filtering the data to remove them would also remove part of the true impact signals.
The alternative employed in the analysis involved an interactive graphic display
with an individual in the analysis loop selecting each peak. Time histories of the
accelerations were projected onto a Tektronix 4015 display terminal, and by aligning
a cross hair in close proximity to an impact or peak and pressing an approprilate
key, ics value was identified and stored by the computer. Figure 4 shows a
representative sample time Listory of acceleration as projected on the Tektronix
screen, The small diamonds indicate those values selected for inclusion 1in the
population of peak values. Both rigid body peaks and impact spikes which were
measured with reference to the gage zero were included 1n the population, Accelerations
in the direction opposite to the impact spikes were not analyzed. It should be
cecognized that the impact acceleration measurements are influenced to -ome degree

by the hull elasticity and some account of this factor should be given in any
design considerations.
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The peak acceleration data,after being collected,were analyzed in a similar
manner to the motion data and computations made of the significant values and other
statistical parameters. These results are presented in Table 5 for bow, midship.
and stern accelerations.

An attempt was made to fit the acceleration data to the exponential distribution
which Fridsmalhad found, in his studies. to be a good fit for planing boat accelerations
and a chi-squared goodness of fit test was applied to the acceleration data for
14 runs. The exponential distribution was found to be an acceptable fit for
approximately 86 percent of the bow data, 67 percent of the stern data, but only
for 30 percent of the CG data. It was further found that the exponential distribution
provided a good fit to the acceleration data only when the data was composed mainly
of impact spikes. This was primarily the case for the bow accelerations where an
impact spike occurred nearly every cycle except In the very low speed-sea state
conditions. In contrast the CG acceleration data contained a large number of rigid
body peaks and this is reflected in the small number of acceptances. This was
brought about by the nature of the impact phenomenon and the decision to include
both impact spikes and rigid body peaks in the population. The impacts produced
a large impulsive angular deceleration which resulted in a stern acceleration spike
with opposite sign to that at the bow and a small 0G acceleration spike. In many
instances the spike at the CG was less than the corresponding rigid body peak,

As a consequence, the rigid body accelerations were selected as the peak values
in the cycle instead of the impact spikes and became a significant portion of the
population. The rigid body acceleratdons would be expected to follow a distribu-

tion more clesely resembling those of pitch and heave motioms.

ADDED RESISTANCE IN WAVES

The added resistance in waves was obtained by subtracting the calm water
resistance from the corresponding mean resistance measured in waves., Table 6 presents
the added wave resistance obtained by averaging the values from six passes down the
basin for each condition. Model resistance data was the most sensitive measurement
made and perhaps subject to the most experimental error. An additional complication
was experienced with the 20 degrees deadrise model (L/B = 7). A small strut was
attached to the stern of L.¢ model to measure relative motions during the experiments

at loading conditions of Gy ™ 1.0 and 1.2, The drag of the strut was larger than
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anticipated and may have affected the relationship between trim angle and LCG

location while increasing the calm water drag.

PRESENTATION AND DISCUSSION OF EXPERIMENTAL RESULTS

In order to assist the designer in assessing the rough water performance of
a high I/b craft, charts have been prepared for estimating the pitch and heave
motions, vertical accelerations and added resistance in waves as a function of sig-
nificant wave height to beam ratio, loading coefficlent, speed length ratio and
deadrise angle. A family of falred curves was developed for each set of data
corresponding to a particular deadrise angle and speed length ratio,by fitting the
experimental data to a polynomial which was cubic in wave height and quadratic in
loading coefficient. In most instances the resulting curves passed exactly through
the data spots; however, in some cases minor adjustments had t. be made in order to
more accurately reflect the data trend. Each family of faired curves was plotted on
a single chart showing the variation of the parameter in question with the significant
wave height to beam ratio and loading coefficient. The charts in Figure 5 present
the significant values of pitch crests and troughs for the 10-degree deadrise
model at a trim angle of 3 degrees and speed length ratios of 2, 3, and 4.
Similar results are shown in Figure 6 for heave crests and troughs, Significant
values of vertical acceleration (impact side only) for the same model are
presented in Figure 7 and the added drag 1s presented in Figure 8. A corresponding
set of data are presented in Figures 9 through 12 for the 20-degree deadrise
angle model with L/b = 7 and in Figures 13 through 16 for the 30-degree
deadrise model.

These charts can be used directly for interpolating results for any value of

wave height to beam ratio between 0.2 and 0.7 and loading coefficient, C from

’
0.8 to 1.2 at speed length ratios of 2, 3, or 4 and deadrise angles of lg, 20 or

30 degrees. A linear interpolation can be used for any value of speed length ratio
or deadrise angle between those contained cn the charts and the interpolation can be
applied sequeritially.

Since there was only a small amount of experimental dzta obtained at trim angles

other than 3 degrees,no generalized method was developed for extrcspolating the results on

the charts to other operating trim angles. Also, no means have been derived for the

extrapolating the results to higher length to beam ratios, but a higher length to




beam ratio was examined in experiments using a 20~degree deadrise model with a
length to beam ratio of 9. Although the gross trends were clearly demonstrated, the
data were not considered sufficient to determine the precise variations with leagth
beam ratio in the general case.

The charts not only provide a meane of assessing the rough water performance
of high L/b craft, but also show the effects of changes in basic hull parameters
on this performance. Some of the broad trends in performance can be readily deduced
from the charts and this has been incorporated into the discussion below along with
other general observations and information not con:ained in the charts.

The three speed length ratios used in these experiments were selected to cover
the broadest possible range of cperation of high L/b planing craft. At'%% = 2, the
craft essentially operated in the displacement mode. At~5% -‘?, separation occurred
along the chine with some side wetting near the stern and at-7i = 4, separation
occurred along the entire chine. In all cases, there was a clean break away of
water behind the transom. At the higher speeds, a large portion of the bow rode out
of the water except when pitching downward, during which time, a slam or water
impact usually occurred.

The pitch motion decreased with increased speed while the added resistance in
waves increased. There was no similar clear cut trend in heave, although it tended
to be less at high speed in most cases. Bow acceleration #id nct show any
consistent trend witlh speed and appeared to be a cumplex function of both speed and
deadrise angle.

At high speed in high waves, there were a few occasions when the entire keel
of the L/b = 7 models became completely unwetted while transiting between con-
secutive crests. A more serious problem encountered in these conditions was that of
heavy spray and water spilling over the deck. This problem was sensitive to both
trim angle and ioading conditions as well as the speed.

(nly a small number of experiments were comducted at trim angles other tha.

3 degrees; neverthelecs, some insight into the gross effects of trim angle on
performance can be deduced from these results. At a trim angle of 2 degrees, which
was run with 10-and 30-degree deadrise models at Cp, = 0.8, the motion and vertical
accelerations were substantially less than those obtained at a trim angle of 3
degrees. At 4 degrees of trim angle, which was run with the l0-degree deadrise model,
the motions and accelerations in general were larger than those at 3 degrees of trim

angle. Calm water resistance was highest at 2 degrees of trim angle. However, the
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corresponding added resistance in waves was about the same as for the 3 degrees of
trim angle, except at ﬁ%_- 4 in the high sea condition,where the 10-~degraay

deadrige model showed a large increase. There was no significant difference in the
calm water resistance or added resistance in waves between the 3 degrees and 4 degrees
of trim angle conditions.

Although the motions and accelerations were less at the 2 degrees of trim angle
condition, the accompanying deck wetness problems were considered too severe at some
of the high speed-sea state conditions for it to be a practical operating condition.
At high speed, the bow of the L/b = 7 models tended to plunge or crash through con-
secutive wave crests,with large amounts of water spilling over the top of the deck.

In the high seaconditionata% = 4, the 10-~degree deadrise model was torn off the tow
strut by the force of the water spilling over the deck. Experiments with the 30
degree deadrise model at 2 degrees of trim showed similar tendencies and experiments

in the high sea condition could not be run either at 5% = 3 or 4 because of the high
risk of severely damaging the model and test appartatus. This was a major consideration
in limiting the experiments to trim angles of 3 degrees where this problem did not ap-
pear to be quite as severe except at high loading conditions (Cp = 1.2); here again

experiments could not be conducted at the high speed condition in high waves.
r
Because of this problem a portion of the charts shown ‘n the figures for T " 4

could not be completed, This region is indicated by a broken line on the charts

and is defined as a bow wetness limit.
As might have been expected, the deadrise angle had the most proncunced effect

upon the impact accelerations. The bow acceleration for the 10-degree deadrise
model was more than twice that of the 30-degree model, with the 20-degree deadrise
somewhere in between the two extremes. There were differences in the motions and
added drag in waves, but they do not appear to be significant.

Experiments were conducted with an L/b = 9 model with 20-degree deadrise angle
to establish an upper bound on the effects of increasing length to beam ratio. The
results showed that although the differences in the motions were not large, the
vertical accelerations for the L/b = 9 model were almost twice as high as for
the L/b = 7 model at the same speed. The is probably the result of a higher water
entry velocity at the bow of the L/b = 9 model because of its extra length. The
added resistance in waves was less for the L/b = 9 model at the higher speeds and
about the same at low speed. It was also noted that how wetness was less with the
higher L/b ratio and that experiments could be safely conducted at high speed in
the heavy loading condition.
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SUMMARY AND CONCLUSIONS

Experiments were conducted in wavez with several constant deadrise models to
assess the rough water performance of high length to beam ratio planing craft.
Several models with L/b = 7 and one with L/b = 9 were run in waves to determine the
effects on performance of basic design param:ters such as speed length ratio,
loading coefficient, wave height to beam ratio, deadrise angle, trim angle and
length to beam ratio. Charts have been prepared for estimating the pitch and heave
motions, vertical accelerations and added resistance in waves of high L/b craft.

Two problems encountered with the models w.ich may present obstacles in the
design of high length to beam ratio craft were the extremely high impact loads as
indicated by the high impact accelerations, and large quantities of water over the
deck resulting from the bow plowing through wave crests. Operating at trim angles
necessary for planing resulted in a portion of the bow riding out of the water which
was highly conducive to bow slamming. Also, increasing length to beam ratio for a
given beam increased the vertical velocity at the bow because of the corresponding
increase in the pitch lever arm. By employing a conventional bow in place of the
constant’ deadrise parabolic bow used on the models, some reduction in the impact
loading may be realized by achieving a smoother water entry.

A high gspeed, conditions existed where the model plowed through wave crests
spilling large amounts of water over the deck. This occurred at a low trim angle
(r = 20) for the lightly loaded conditicns (CA = 0.8) and at a moderate trim angle
(1 = 3°) for the heavily loaded conditions (CA = 1.2). These occurrences proved to be
disastrous to the model on several occasions. The deck wetness and wave plow-in
were somewhat less on the I/b = 9 model; however, as indicated previously, the bow
impact accelerations increased. The full-scale vehicle with a more conventional
bow and increased freeboard may be better ai > to recover from such events

and, more than likely,would never be operated at such-extreme conditions; never-

.theless, water sver the tow is still a major factor to be gonsidered in any design.

The advantages of the high length to beam ratio craft (from a hydrodynamic
point of view) may lie primarily in its resistance characteristics. There does
not appear to be any obvious advantages in its overall rough water performance over
that of moderate length to beam ratio craft, in fact the impact acceleration and
loads appear to be higher. Nevertheless, there may be special applications for which
high length to beam planing craft are preferable to conventional length to beam

ratio or displacement type craft.

11
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Symbol
A

I

]
c
0
E
F
G
H
|
J
K
L
M
N
0
P
Q
R
S
T
u
)
W
X
Y
z
AA

8B
cc

MODEL CONF IGURATIONS

b g Gy LCG

7 1 0.8 65

" ] " 65
toon " 62
oo 1.0 60
R " 59
" "n " 58
vt 1.2 59
e " 58
e " 56

noon 0.8 59,
oo " 57.
noow " 56.
e " 69.
"o " 67.

LN} L] n (:“

n 20 n 6".

K] LX] " 6“
] H 1} 6‘0

n " 1.0 6‘.

[} (1] " 6'

(1] " " 59.
7 20 1.2 59,
" " " 58.
" " " 56.

g 1.0 61

" 1" " 59.
R " 60.
H " ‘.2 67.

" " [R] 67

5
o

5
7
)
5
5
5

7
4
5
3
0
1
7

4
A
A

4
.1
1

4
3
7

<9
3
0

9
.6

TABLE 2

T
3.0

*Negative sisn indicates sinkace of CG

k

28.0

27.
26.

0
0

25.4

25,
25.
23,
-3
24,
24,
24,
23,
30.
29.
27.
25,
25,
25,
25.
24,
24,

0
3
3
3
3
9
3
.3
1
0
8
6
4
7
8

24

24

25,
25,
24,
24,
24,
23.
23,

3

3
8

1
0
0
0
0
0

v/vL
2.00

3.
b,
2.

3
4

2

00
00
00

.00
.oo
2,

00

3.00
b,
.00
3.00
4.00
2.00
3.00
4.00
2.00
3.00
4,
2
3
4
2
3
4
1
2

00

00

.00
.00
.00
.00
.00
.00
.56
.33
N

d/,

o
~.011*

014
.056
~.021
.013
.035
-.020
.015
.on
-.0n
.010
032
-.008
.032
.069
-.015
.016
.036
. 001
.001
.00

.001
.003
.001
.0G2
.004
.003
-.020
-.009




[ T

TABLE 2
MODEL CONF IGURATIONS (CONTINUED)

Syl /b8 G e r ok wL Wy
) 9 20 1.2 67.1 3.0 2.2 311 034 1.7
EE 7 30 0.8 60.6 " 24,0 2,00 -.013 .90
FF T " 53.9 " 2.0 3.00 -.007 1.4
GG "o " 58.7 " 23,0 4.00 .037 1.60
1H " " 1.0 62.7 " 25,3 2.00 -.016 1.60
T "o " 62.2 " 254 3.00 .010 .53
JJ nooow " 61.2 " 25,4 400 .030 1.34
KK T 1.2 60.2 " 25,0 2.00 -.020 1.30
LL Hon " 60.3 " 25,0 3.00 .01 1.30
MM "o " 58.7 " 2.0 4.00 .031 0.98
NN " " 0.8 65.9 2.0 28.0 2.00 -.012 1.00
00 nooon " 64.7 " 27,0 3.00 .003 0.88
PP v " 6.2 " 27.0 400 .018 0.70
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Condition

L4
W 00~ O U & W N -

NN-.—-..Q-Q—‘—D.‘—.-‘
-— O W O~ O8N U & W N = O

NN RN NN DN
O N O W N

L4
(V)

Configu-
ration

A

A
A
8
8
B
¢
c
¢
0
0
D
3
€
E
F
F
F
G
G
G
H
H
H
i
|
|
J
J

Hl/a/b edc
.260 3.32
7 3.07
664  3.23
(261 3,44
409 3.64
647 3.77
.275 3.05
436 3.22
647  3.36
.227 3.03
475 3.24
684 3.47
31 2,67
.503 2.72
.684 2,87
.235 3.00
b2 2,78
617  2.12
.270 2.9
.38 2.98
592 3.07
.228  2.92
U463 2.97
596 2.73
.248  2.99
.389 2.87
.297 2.00
443 2,07

TABLE 3

PITCH MOTIONS

CREST TROUGH

[} 01,3 01710 5 813 01,10
1.22 2.18  3.08 1.27 2.08 2.82
2.26 3.9 5.37 2.38 3.80 5.27
3.49 5.59 6.9 3.80 5.63 6.55
0.99 1.83 2.49 1.16 1.98  2.76
.91 3.22 45 2,29 3.70 470
2.88 4.5 h.94 3.47 5.70  6.82
0.82 1.35 1.66 1.08 1.57 1.86
.73 2.72 3.13 2,13 3.54 4.3
2.2 3.7 b. 49 3.17 5.06 6.18
.48 2.38  3.09 1.50 2.36 3.02
2.99 5.10 7.08 3.17  5.00 6.58
3.68 6.13  7.79 3.97 6.36 7.79
1.26  1.95 2.40 1.51  2.66  3.47
2.03 3.10  3.84 2.53 47 5.22
2,46 3.89  4.62 3.19 5.27  6.48
0.92 1.39 1.59 1.27  1.88 2,20
.52 2.36 2./2 1.84 1,46 417
.81 3.19 409 2.48  4.09  5.20
1.01  1.64 1.98 0.93 1.51  2.02
1.76 2.80 3.37 1.82  2.77  3.15
2.90 k.76  6.10 2,93 4.89  4.98
0.63 1.03 1.19 0.70 1.19  1.52
1.83  3.00  3.91 2.18 4,06 6.18
2.39 3.8 .82 2,78 4.66  6.14
0.69 1.12  1.k2 0.77 1.28 1.4
1.20 1.83  2.2h4 1.46 2.44  3.05

9h2 1.55  2.14 0.9 1.56  2.16
2.01  3.27  L.oh 2.01 3.12  3.85




Condition

30
N

32
33
34
35
36
37
38
39
40
i
42
43
Ly
LH
46
L7
48
49
50
51
52
53
54
55
56
57
58

Conf.

- v v unu D B DXDOOLO VYV VD OO O ZT T ZTIXT X I LKA X X x

Hl/a/b

.734
.229
m
694
.248
.392
.750
.267
.h24
714
284
b6k
617
.298
b5k
.226
.399
.705
.238
.355
.620
.221
Lo
.602
.321
.390
.659
.289

TABLE 3

PITCH MOTIONS (CONTINUED)

6dc
2,22
1.93
1.76
1.75
1.99
1.9
1.83
b. 47
5.39
5.04
L.16
L.4o
4.51
3.89
4.08
3.01
3.23
3.38
3. 14
3.02
3.38
3.04
3.16
3.2
3.00
3.27
3.48
2.92

CREST TROUGH
) 01,3 0110 0 61,3 03,10
3.53 5.53 6.93 3.56 5.54 6.75
0.45 0.79 0.99 0.51 0.90 1.24
1.34  2.06 2.39 1.60 2.78 3.80
2.57 3.86 5.08 2,96 4.59 5.38
0.55 0.92 1.10 0.66 1.09 1.36
.18 1.99 2.50 1.38  2.36 3.00
2.29 3.45 4.00 3.63 5.68 7.12
1.26 2.44 3.65 1.25  2.16 2.88
2.66 4.62 6.10 2,82  4.27 5.53
431 7.15 8.96 4L.h6 6.47 7.68
1.02  1.73 2.18 1.15  1.72 2.1
2.45 414 5.45 2,92 4.54 5.38
2.89 4.76 5.73 3.48 5,44 6.46
1.00 .71 2.08 1.25 1,87 2.29
2,12 3.28 3.98 2.58 3.82 4.29
0.93 1.59 2.1 0.56 1.50 1.95
2,16  3.72 5.05 2.31  3.76 L.89
3.47 5.82 7.39 3.73 5.90 7.25
0.79 1.28 1.58 0.88 1.39 1.79
1.55 2.63 3.40 1.84 2.95 3.89
2.76  4L.53 5.31 3.44 5,25 6.28
0.71 1.16 1.47 0.81 1.3 1.62
1,52 2.45 2.96 1.94 2.98 3.79
2.4 3N 4. ke 2.99 k.59 S. b4
1.90 3.25 4.23 1.97  3.07 3.87
2.65 L. k46 5.82 2.76 L.25 5.16
3.58 5.9 6.66 3.94 6.16 7.74
1.40  2.03 2,22 1.65 2.56 3.22
18




Condition

5S
60
61
62
63
64
65
66
67
68
69
70
N
72
73
L
75
76
77
78
79
80
81
82
83
84
85
86
87

Conf.

NNN-(-(XXXX(((<<<CCC—I—I

>
>

3

BB
B8
cC
ccC
cC

TABLE 3

PITCH MOTIONS (CONTINVED)

CREST TROUGH

o 0,3 91,10 0 13 9110
1.84 2,91 3.7 2.32 3.76 4.1
2.61 4,18 5.08 3.21 5,00 6.05
1.07 1.60 1.83 1.30 2.18 2,74
1.66 2.38  2.69 2.0b 318 3.9
1.86 2.98 3.65 2.36  4.05 5.26
1.80  2.89  3.76 1.8t 2.8v 3,58
3.02 5.02 6.36 3.1 4,93 6.13
3.76 5.9 6.62 h.03 5.96 6.81
i 1.6k 1,98 1.28  2.04  2.75
2.09 3.06 3.69 2,42 3.85 4.82
2.6 3.7 bbb 3.00 L7t 5,77
0.83 1.43 1.77 0.92 1,45 1,68
1.6 2.81  3.67 1.68 2.33  2.73
2.62 4,69 5.89 2,76 3.9 4,86
3.39 5.42 5.n 3.82 5.17 6.05
.39 2.32  2.83 1.5 2.09  2.30
2.28 3.87 5.1 2.6 3.56 3.92
2.6 4.38 5,22 3.1 449 5,06
1.01  1.65  2.09 .21 1.67  2.04
1.55 2.60 3.17 1.80 2.68 3.35
2.33  3.89 h.78 2.73 4,05 4.78
0.72 1.23  1.60 0.67 1.10  1.42
2.81 47 5,98 2.87 419 4.8
3.31  5.56 6.98 3.39 5.09 6.14
0.83 .42 1.9 0.86 1.31  1.59
1.70 2.82 3.79 1.87 2.75 3.26
2.89 4.92  6.19 3.30 4,90  5.84
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H!’alb %4c
A4 3.0
675  3.36
332 2.46
483 2.50
602 2.32
.295  2.94
485 3.19
.688 3.50
275 2.8
479 3.15%
.636 2.94
228 2.7
278 3.49
460 3.89
647 3.89
.298  3.50
551 3.94
.675 L.16
.258 3.29
487  3.5%
666  3.74
216 3.16
487 3.60
634 3.72
.259  3.18
401 3,43
.685 3.66
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H

Condition

88
89
90
91
92
93
%4
35
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
m
12
13
14
15
16

Conf.

DD
DD
DD
EE
EE
EE
FF
FF
FF
GG
GG
GG
HH
HH
HH
¥

¥

¥

JJ
JJ
3
KK
KK
KK
L
LL
LL
MM
MM

Hl/3/b 0

222
ot
614
. 269
462
632
.223
.365
.620
.218
.355
621
247
.503
616
.225
453
748
.288
.478
.694
.219
.362
.634
.219
.380
.587
.228
.330

TABLE

3

PITCH MOTIONS (CONTINUED)

W
.

wNunwwwNuwwwwwwmwuwwwwwwwwwu

dc

~n
-~

.62
.65
3
73
.75
.03
.07
.35
.22
.39
b6
A7
.49
.56
.01
.24
N
.02
.00
.22
.96
.00
.05
.03
.87
.24
.92
I

CREST

9 81,5 0
0.56 0.96 t.30
1.78  2.97 3.4
2.40 3.9 5.20
1.29 2.2 2.64
2.72  4.78 6.36
3.61 6.05 7.46
0.91 1.5 1.94
1.45 2,66 3.65
2.9t 4,76 5.78
0.69 1.20 1.63
1.29  2.15 2.53
2.38 3.68 L.93
1.83  2.9%  3.75
3.30 5.52 6.86
3.37 5.74 7.36
1.30  2.01 2.44
2.17 3.3 3.82
2.99 A4.60 5.23
1.03  1.66 2.00
1.69 2.56 2.98
2.29 3.55 h.29
0.96 1.55 1.98
1.88  3.25 4.b9
3.22 5.60 7.22
0.59 1.00 1.38
1.58 2,62 3.62
2.67 4,30 5.07
0.55 0.88 0.96
1.19  1.79 2.12

20

TROUGH

0 01,5 B1/10
0.58 0.95 1.19
2,18 3.44 3.40
3.02  4.53 5.54
1.28  2.00 2,45
2,84 4,36 5.50
3.53  5.57 6.81
0.98 1.55 1.93
1.61 2,95 4.0
3.32 5.23 €.57
0.727 1.23 1.56
1.5 2.66 3.40
3.13 4,63 5.46
1.883 2.74 3.1h
3.49 5.37 6.41
3.55 5.49 6.87
.45 2.24 2.78
2,63  4.00 4,32
3.62 5.55 6.29
1.25  1.94 2.29
2,22 3. b.1b
2,88 4.63 5.76
0.97 1.58 2.00
1,92 3.21 4.33
3.30  5.35 6.40
0.64 1.07 1.48
1.67  2.92 3.93
3.08 4.99 6.06
0.60 1.02 1.39
1.39 2,18 2.70
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TABLE 3

PITCH MOTIONS (CONTINUED)

CREST TROUGH
Condition Conf. Hl/a/b ®de g 91,3 81,10 6 ey %110
17 MM R L seem o mmem s
118 NN 215 2.18 1,02 1,64 1,99 1.07 1.61 1,93
19 NN 351 2.33 .77 3015 443 .74 2,90 4,07
120 NN 698 2,46 3.37 5.75 7.31 3.51 5.78 7.25
121 00 -236  2.00 0.80 1.30 1.71 0.90 1.4  1.89
122 00 H20 2,13 165 2,72 3,52 1.99 3.45 5,15
123 00 634 2.01  2.61 4,04 4.82 3.11 4.8 5,88
124 PP 225 1,99 0.5 0.95 1.19 0.67 1.07  1.42
125 PP Rl L T e
126 PP Sees mess emee el el ——e mmee aeel
1
21




Condition

O N OV W N -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Configu-
ration

A

M T M M Mmoo O O O 00 o o @ > D

[p]

- & - = — T T T OO @

S A At S
‘ W T

H

1/3/b
.260
417
664
.26
.09
.647
.275
436
647
.227
475
.684
311
.503
684
.235
424
617
.270
.368
.592
.228
463
.596
.248
. 385

.297
443

" TABLE 4

HEAVE MOT IONS

h

-.003
-.002
-.01h
.038
045
.039
.064
071
.063
-.020
-.013
-.009
.009
.009
.008
.032
.024
.001
-.002
-.020
-.022
013
.008
.010
.039
.030

.013
.013

CREST

TROUGH

.035  .064
.089 156
178  .290
.036  ,061
.090 .152
<197 .330
.033  .052
.100  .166
179 .295
.043 072
112 187
.183  .305
.043  .076
.098 161
174,285
.031 051
.064 118
.125 239
.034 058
.083 .14
.182  .313
.029  .043
126,223
. 205 .393
.028  .o48
.083 132
.025 045
.075 122

22

h h
de/y by M3 Moy

.088
.231
.359
.084
194
.383
.062
.213
342
.095
.24
.389
.105
.216
.368
.059

.168

. 302
.078
.183
413
.054
.322
54
.059
181
071
.165

1,3, h
h/b "1/37 1/10/b

.0k
.100
.206
042
.113
.238
.039
A1
.204
.049
126
.209
.0L8
112
.189
,035
.074
.132
.033
.081
167
.026
116
.186
.026
.078
.026
.085

.080
. 185
.340
.080
.198
<391
.066
.191
335
.082
.236
.359
.081
.184
.318
,055
.129
.225
.047
134
2717
.108
.201
.304
.048
134
.051
.152

121
.286
b
.120
.265
462
.082
.256
.b23
RRL
.337
470
A4
.239
490
,065
164
.286
.078
.164
346
.059
.284
.383
.064
195
.085
217




Condition

30
31
32
33
34
35
36
37
38
39
40
W
42
b3
bl
45
46
47
48
49
50
51
52
53
54
55
56
57
58

Configu-
ration
J

K
K
K
L
L
L
M
M
M
N
N
N
0
0
0
P
P
P
Q
Q
Q
R
R
R
S
S
S
T

H
1/3/p
.734
.229
by
694
.248
.392
.750
.267
424
71k
.284
46k
617
.298
sk
.226
.399
.705
.238
.355
.620
.221
401
.602
.321
.390
.659
.289

HEAVE MOTIONS (CONTINUED)

hdc/b
-.018
.009
.017
010
.031
.024
.014
-.001
-.000
-.005
.047
.056
.053
.083
.089

TABLE 4

CREST

TROUGH

h/b h1/3/b h1/1o/b h/b

.198 314
014,026
.057  .106
.195  .298
.020 .036
.057  .221
199 .297
.031  .559
.096 .159
.213  .335
.030 .052
122,195
.185 284
041,062
a1 180
.029  .052
.099 177
.229  .364
.032 ,053
.090 .164
.206  .352
.032  .054
.090 .151
210 347
.064  .108
.096 .155
77 .294
.050 .081

23

.372
.038
.152
.356
.046
.277
.329
.081
214
418
.068
<243
.358
075
222
.076
243
452
.069
.228
J4bs
.068
187
443
136
.201
.368
.102

.206
01k
.06k
.202
.021
.062
.183
L0l
115
.239
.036
REL!
.212
.046
.128
.026
.088
.205
.027
.081
.187
.029
.079
81
072
110
201
.055

h1/3/b hl/lO/b

.327
.055
L
.325
.034
.109
.294
.085
.219
.398
.069
.263
.363
.086
.218
.042
.156
.307
.046
34
.308
.048
129
.277
127
.192
.336
.092

.407
042
143
.b25
.048
137
.327
139
314
.509
.094
342
L9k
121
.278
.061
.209
373
.058
185
.379
.063
A7
.319
175
.253
36
A17




ST, e -

Condition

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

Configu-
ration

T
T
u
u
U
)
v
v
W
W
W
X
X
X
Y
Y
Y
Z
Z
z

AA
AA
AA
BB
BB
BB
cc
ccC

TABLE 4

HEAVE MOTIONS (CONTINUEG)

H1/3/b hdc./
Ay .012
675 .013
»332 .06
483 017
.602 .001
.295 .029
485 .030
.688 .029
.275 .001
479 .009
.636 011
228  -.017
.278 .012
460 .001
647 .009
.298 .024
.551 .058
K75 .047
.258 .048
.487 .058
.666 .067
216 -,019
487 -.012
634 -.0n
.259 014
401 .020

CREST

TROUGH

b h/b

.085
160
. 044
.081
.136
.059
121
.182
.040
.095
164
.027

.040
.094
153
.04t
.106
.180
.037
.080
184
.022
126
.189
034
.092

h1/3/b hl/lO/b

142
21
.076
.129
227
.096
. 201
.302
.068
155
279
.0b4

.059
.156
.2
.068
161
.285
.057
130
.287
.040
223
312
.064
167

24

.182
<340
.105
164
.281
.126
.262
394
.094
.183
.367
054

.066
.208
.294
.076
.208
.356
0N
.166
355
.056
299
A9
101
242

h
h/b 1/3/b h1/10/b

.096
.182
.046
.086
142
.064
133
204
042
.103
174
.028

049
113
.180
.055
138
.206
045
104
213
.020
110
164
.029
.082

JAN
.313
074
.138
252
115
237
+356
066
. 169
.283
047

.087
221
324
.098
.252
.352
.084
.191
. 369
. 035
175
253
.051
129

.250
.383
094
.168
3
.166
.320
458
.087
234
.353
.065

121
343
b2
.125
.333
460
L1
.290
478
.046
.225
.318
.067
.169




Condition

87
88
89
90
91
92
93
94
95
96
97
98
9°
160
101
102
103
104
105
106
107
108
109
110
m
112
113
14

Configu-
ration

cc
DD
DD
oD
EE
EE
EE
FF
FF
FF
GG
66
GG
HH
HH
HH
I
H
I
3
3N
3
KK
KK
KK
LL
LL
LL

"
1/3/b
.685
.222
481
.61l
.269
462
.632
.223
.365
.620
.218
.355
.621
.247
.503
.616
.225
453
L748
.288
478
694
.219
.362
634
.219
.380
.587

HEAVE MOTIONS (CONTINUED)

hdc/b h/b hl/a/b hl/lO/b
497
.070
343
.b52
JA12
.352
JL36
.085
.303
478
.080
.223
453
.103
.257
.367
L1112
.205
.403
.087
.188
403
.079
.221
467
.053
.238
1Y

.023
. 040
.056
.067
-.006
+.002
.000
0N
.015
.024
.Ohk
051
.059
-.015
-.008
-.009
012
.018
.019
.032
.026
.030
-.024
-.026
-.024
.007
.004
.007

TABLE 4

CREST

.227
.029
146
.202
.050
136
.203
.039
.100
AN
.035
.094
.204
.053
125
.165
.056
197
.201
LY
.09
167
.034
.089
. 201
.024
095
.210

25

— . e .

.384
.050
.267
.356
.085
.246
377
.068
.188
.312
.061
161
.353
.083
<204
.282
.089
.169
319
.069
145
.293
.059
.156
.357
.042
.166
.357

TROUGH

Jp b h1/10
/b 1/3/b 1y /y

.192
.028

118
A7

.043
17

.183
.033

.089

.198
.029

.088
.185

.059

145
.189
.062

121

.222
.046
.097

.203

.032
.081
.190
.023
.093
.192

.298
.06
184
.293
on
193
.298
.057
.156
. 307
.047
A bb
.308
101
. 267
.332
.108
.209
.370
.077
.162
.337
.055
Ja
.310
040
.166
.30k

364
.059
22
.385
.092
.252
.382
.080
194
.370
.059
194
.353
A3
.354
450
139
.270
LY
.096
197
.04
.072
.184
.392
.056
.234
.377

s oo sl et e




Condition

115
116
117
118
119
120
121
122
123
124
125
126

Configu-
ration

MM
MM
MM
NN
NN
NN
00
00
00
PP
PP
PP

TABLE 4

HEAVE MOTIONS (CONTINUED)

CREST TROUGH
Hl/a/b hdc’b h/b hx/a/b hl/lO/b h/b hx/a/b hl/lO/b
.228 .033 .027 .047 .066 .027 LY .583
.330 .028 .c75  .120 .162 076 127 .168
218 -,.0Nn .033 .056 .073 .031 .051 .063
.351 -.010 .085 148 .207 .079 131 172
.698 -,009 .226 . 368 461 . 206 .326 422
.236 -.002 .,035 .059 .075 .029  ,052 .075
.b20 -,003 12 .206 .318 .101 179 .254
.634 .05 .216 342 .bos .198 .298 .337
.225 .018  .026 044 .052 025 042 .057

- - -—-mn—- - - - -
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Condition
1

W 0O ~N DV wN

NNNNN-._‘_A_-—l..‘—o—A_Q—o
£ W N = O W 0~ O\ & W N = O

N NN DN
W 00~ O

TABLE 6
ADDED DRAG IN WAVES

v Ra
—— H 173/
Configuration /T b w b3
A 2.0 . 260 .019
A 2.0 417 ,027
A 2.0 664 .035
B 3.0 261 024
B 3.0 .409 .035
B 3.0 647 LT
c 4.0 .275 .025
o 4.0 436 .049
C 4.0 647 .076
v} 2.0 227 .009
D 2.0 475 .026
D 2.0 .684 .039
E 3.0 AR .045
E 3.0 .503 .066
E 3.0 .684 .078
F 4.0 .235 .065
F 4.0 424 110
F 4.0 617 155
G 2.0 .270 .012
G 2.0 .368 .017
G 2.0 .592 .022
H 3.0 .228 .028
H 3.0  .L63 .058
H 3.0 .596 .060
! 4.0 .248 .057
[ 4.0 .380 .096
| 4.0 ———- ——--
J 2.0 .297 ———-
J 2.0 443 013
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é TABLE 6 ?

ADDED DRAG IN WAVES (CONTINUED)

v Ra
— My,
Condition Configuration. /T b w bl
30 J 2.0 .734 .018
31 K 3.0 .229 .026
32 K 3.0 R .057
33 K 3.0 .694 .068
34 L 4.0 .248 .055
35 L 4.0 .392 .084 :
. 36 L 4.0 .750 ---- ;
37 M 2.0 .267 014 ‘
38 M 2.0 .44 .030
_ 39 M 2.9 WAL 034
) 40 N 3.0  .284 .015
W N 3.0 .46 .031
b2 N 3.0 .617 .035
43 0 4.0 .298 0
by 0 4.0 454 .055
s 0 40  ---- .-
L6 P 2.0 .226 .014
47 P 2.0 .399 024
' 48 P 2.0 .705 .030
49 Q 3.0 .238 .019
50 Q 2,0 .355 .029
5 Q 3.0 .620 .043
52 R 4,0 .22 .020
53 R 4.0 4ot Ob4
54 R 4,0  .602 .058
55 S 2.0 .32 .024
’ 56 S 2.0 .390 .033
57 S 2.0 .659 045
58 T 3.0  .289 .030
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TABLE 6
ADDED DRAG IN WAVES (CONTINUED)

R
: = Has, =2
Condition Configuration YT b w b3
59 T 3.0 Jdy .054
60 T 3.0 .675 .070
61 ] 4.0 332 .079
62 U 4.0 .483 101
63 u 4.0 .602 .127
64 ') 2.0 .295 .016
65 ') 2.0 485 031
66 v 2.0 .688 043
67 W 3.0 .275 .024
68 W 3.0 479 .058
69 1) 3.0 .636 .064
70 X 4.0 .228 044
71 X h.o e ,———
72 X 4o -—-- ———~
73 Y 1.76  .278 .021
74 Y 1.76  .460 .036
75 Y 1.76 .647 .053
76 Z 2.64 .298 .022
77 Y4 2.64 .55 -———-
78 F4 2.64 .675 .051
79 AA 3.53 .258 .033
80 AA 3.53  .487 .059
81 AA 3.53 .666 .097
82 BB 1.76 .216 0N
83 BB 176 .487 035
84 88 1.76 .634 .036
85 cc 2.64 .259 .019
86 cc 2.64 401 .039
87 cc 2.64 ,685 .061
35
P : T —————— - -




R
N T

Condition
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
109
110
1M
112
113
114
115
116

ADDED DRAG IN WAVES (CONTINUED)

TABLE 6

v

Configuration /T "
0D 3.53
DD 3.53
DD 3.53
EE 2.0
EE 2.0
EE 2.0
FF 3.0
FF 3.0
FF 3.0
GG 4.0
GG 4.0
GG 4.0
HH 2.0
HH 2,0
HH 2,0
M 3.0
I 3.0
t 3.0
JJ 4.0
JJ 4.0
JJ 4.0
KK 2.0
KK 2.0
KK 2.0
LL 3.0
LL 3.0
LL 3.0
MM 4.0
MM 4.0
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173/,

.222
481
614
.269
462
.632
.223
.365
.620
.218
.355
623
.2h7
.503
.616
.225
453
748
.288
.468
.694
.219
.362
.634
.219
.380
.587
.228
.330

R
a

w b3

014
.051
.063
.014
.018
.016
.025
.038
.018
.037
.063
012
.026
.030
.035
.081
.103
.038
034
.093
.012
.024
.027
.020
.0L6
.060
.025
.055
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v o gy §

‘,;'@u}f"ﬁ LA

08 e

i FTS

AR

Condition
17
118
119
120
121
122
123
124
125
126

TABLE 6

ADDED DRAG IN WAVES (CONTINUED)

v
Configuration VT
MM 4,0
NN 1.0
NN 2.0
NN 2,0
00 3.0
00 3.0
00 3.0
PP 4.0
PP 4.0
PP 4.0
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.215
.351
.698
.236
120
634
.225

.012
.020
.032
.017
.033
.040
.650
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SIGNIFICANT HEAVE,M1/3 "
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SIGNIFICANT HEAVE, M1/3 "

SIGNIFICANT HEAVE, Ni/3 1
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE, THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMURANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC

MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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