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ABSTRACT

A model of an air cushion vehicle (ACV) with a deep pericell-type
skirt and high cushion loading has underaone experiments in calm water
and head random waves. The main qgoal of the investigation was to obtain
draq and motion data which can be used to quide the desian of a prototyoe.
The results will also be used to validate computer predictions. Plots of
mean draq are presented in this report, as are tables containina standard
deviation values of motions and accelerations. The effect of model weiaht
and volume air flow on draq and motions is discussed. It is also shown that
this heavily loaded ACV has higher hump and post-hump drag than a similiarly
confiqured ACV with smaller payload and shorter skirt. In addition, the
heavier, deep-skirted vehicle pitches less and heaves about the same as

the other craft.

ADMINISTRATIVE INFORMATION
The investigation dicussed herein was funded by the Advanced Naval

Vehicles Concepts Evaluation Program, Task Area S0407056, Element 63564N.



INTRODUCTION -

Model experiments were carried out on an air cushion vehicle (ACV)
with a deep skirt in support of the Advanced Naval Vehicles Concepts
Evaluation (ANVCE) Program. The purpose of these experiments was
primarily to determine the seakeeping characteristics of the craft when
it is heavily loaded and underway at high speed in random waves. Scale
ratios were selected so that 1,000 and 3,000 metric ton prototypes could
be represented.

The ANVCE Program was set up within the Chief of Naval Operations

Office to evaluate nine generic concepts including ACV'S1*

the military
worth, technical feasibiliy and cost of these concepts is to be evaluated.
After carrying out state-of-the-art assessments, analyses and model
experiments are being conducted to fill in the technological gaps. Attention
is being directed in ANVCE to determining whether military value exists for
larger, faster ACV's, where the drag reducing features are of more importance
than the amphibious features. It has been determined that because surface
effect ships (SES) sidehulls have prohibitive drag at Froude numbers above
roughly 2.0 (corresponding to 80 kts for a 2,000 to 3,000 ton vehicle) the
ACV is more efficient (i.e. consumes less power) at such high speeds.

The ACV "Advocate Office" of the ANVCE Program had a model
constructed, and in August 1976, requested the David W. Taylor Naval Ship

Research and Development Center (DTNSRDC) to conduct the experiments whose

results are presented in this report.

*References are listed on page 19.



DESCRIPTION OF MODEL AND TEST EQUIPMENT
MODEL

The basic hull form of the model is essentially the same as the
JEFF (A) of the Amphibious Assault Landing Craft (AALC) Program. However,
the skirt--although also of the pericell type--is much deeper than the
AALC design (cell height/hull beam equal to 0.20 compared to approximately
0.11). The model skirt was fabricated from 0.005 in. (0.013 cm) thick
nylon coated with polyurethane.

Figure 1 is a sketch of the model and indicates the location of the
ten fans that were available for pressurizing the cushion and skirt loop:
four fans fed the cushion and six fed the loop. As will be seen later,
various fan combinations were used during the experiments. The fans were
Aximax 3 type with a maximum rpm of 22,500. Figure 2 gives the volume
flow rate-for a single fan as a function of back pressure and rpm.

As can be seen in Table 1 which lists the model particulars, two model
weights were investigated. As a result, two cushion pressures were
established: a measured average value of 10.7 psf (512.3 Newtons/mz) was
obtained for the 188.2 1b (85.4 kg) gross weight, and 7.5 psf (359.1 Newtons/
m2) for the 125.5 1b (56.9 kg) weight. This resulted in a cushion loading
(pCAfE)* of 400 Newtons/m3 for the heavy displacement and 285 Newtons/m3 for
the light displacement. The loop-to-cushion pressure ratio was about 1.1
and 1.3 for the heavy and light weights, respectively.

The hull was mainly made from polyurethane foam with a fiberglass outer

covering. Four aluminum longitudinal stringers and several mahogany plywood

bulkheads were incorporated for added strength. The gimbal used to allow

* Where Pe is the cushion pressure and S is the cushion area.
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pitch freedom was installed with its pivot located at the weather deck 1evef.
TEST EQUIPMENT

The experiments were conducted at DTNSRDC in the 1,400 ft (426.7 m) long
tank, which is 22 ft (6.7 m) deep and 51 ft (15.5 m) wide. A pneumatic-type
wavemaker located at one end of the tank can be electronically controlled to
generate long-crested random waves having a pre-programmed spectral shape.

A photograph of the experimental setup is shown in Figure 3. Since the
model was not self-propelled or steered, it was necessary to provide an
external force to move the model forward at constant speed and keep it on
course. This force was supplied by the towing gear partially shown in
Figure 3. Freedom in pitch, heave and roll was allowed, and yaw, sway and
surge were restrained. The towing gear--which was mounted forward of the
main carriage to enable the model to travel through relatively undisturbed
air--also served as a reference for the motion measuring transducers.

High resolution potentiometers mounted on the towing gear were utilized
for measuring the craft motions. Systron-Donner force-balance servo-acceler-
ometers were used to measure vertical accelerations at the bow, CG and stern;
these gages had rated ranges of + 5G, + 2G and + 2G, respectively. Figure 1
shows the location of all transducers mounted on the model. Impact pressure
was measured with a flush mounted pressure gage located 3.8 ft (1.2 m)
forward of the transom. This Kulite solid-state pressure sensor has a silicon

diaphragm with a diameter of 0.152 in. (0.386 cm), a range of 0 to 10 psig,



(0 to 6.9 x 104 Newtons/mz) and a natural frequency of approximately 70 kHz.
Endevco pressure gages having a range of 0 to 0.7 psi (0 to 4.8 x 103
Newtons/mz) were employed for measuring bubble and skirt loop pressures.
These gages are of the diaphragm-type, and contain semi-conductor strain
gages as the sensing element. The reference side of the pressure gages was
connected to a region of constant pressure which was protected from ambient
air flow. Short pieces of flexible tubing connected the active side of the
gages to piezometer openings in the bottom of the model.

Drag was measured by means of a "block gage", which is a cube-shaped
module containing flexures and a differential reluctance sensing element.
The gage was installed in the heave staff directly above the gimbal. For
the early calm water experiments a block gage with a +25 1b (11.3 kg) rated
range was employed; after Run 6, a 100 1b (45.4 kg) gage was substituted.

A strain-gaged ring gage was used to monitor model weight periodically to
insure that it had not been altered due to absorption of moisture.

An ultrasonic transducer was used for the measurement of wave height.
The wave probe was located 2.7 ft (0.8 m) forward of the model's CG and
10.9 ft (3.3 m) to port of its centerline.

Since the model speed was identical to the carriage speed, it was
determined by use of a magnetic pickup and a slotted wheel which rotated
with the carriage wheels.

The transducer signals were amplified and then directed through one of
several available recording schemes depending on their frequency content.
Signals which fluctuated at a relatively low frequency (e.g. pitch and heave
motions at the frequency of wave encounter) were digitized using a sampling

rate of 50 samples/channel/sec. Digitization was done in real time and post-



run data processing of wave inputs and vehicle responses was then carried
out. Impact pressures, which are high frequency (short rise time) trans-
ducer outputs were recorded on string oscillograph type strip chart for
later direct reading by hand. This device has a flat response into the

kHz range, which is more than adequate for the phenomenon being investigated.

Video tape recordings were made of all runs, and 16 mm color movies were
taken of selected runs.

TEST PROGRAM AND PROCEDURE

The experiments were carried out in calm water and head random waves.

A detailed summary of the test conditions is provided in Table 2 where it can
be seen that model speeds up -to 18 kts were investigated in calm water and
scaled random waves up to State 4 in severity. Some runs were made in Sea
State 6 at lower speeds.

The fans operating during the experiments and their rpm were changed
frequently to vary cushion loading, volume flow and daylight gap. The
numerical fan designations given in Table 2 are keyed to Figure 1.

Table 3 is a condensed version of Table 2 without indication of model
speed, but containing "condition" numbers which will be referred to in
subsequent graphs.

Samples of spectra representing the energy distribution of the waves
in the towing tank are given in Figures 4a to 4c. Typical values of the

wave statistics are given on each figure with definitions as follows:



a. AVE

average peak-to-peak value

b. SIG = "significant" value or average of the highest one-third
c. APP = average of the highest one-tenth

d. RTE = square root of area under spectrum

e. RQO =2 times the standard deviationc, (i.e. root 0p)

[t should be noted that the spectra in Figures 4a and 4b represent the
designated sea states for a scale rate of 22.7 whereas Figure 4c represents
Sea State 6 for a scale ratio of 37.5. During the random wave runs, sufficient
passes were made down the tank to have the model encounter about 150 waves;
this size sample is assumed to be a good representation of the population.

DATA REDUCTION AND ANALYSIS

The digital system consisted of an Interdata Model 70 computer with 64 KB
memory, a nine-track Kennedy 3110 digital tape drive, an ASR-33 teletype,
an Analogic 5800 anaTogue to digital (A to D) and D to A converter, a Versatec
1100A Matrix 600 line-per-minute printer, and a Tridata 1024 cartridge tape
recorder. While sampling, data summations used at the end of each run to
calculate mean and standard deviation for each channel were retained in
memory. In addition, all data were calibrated in volts and written on the
digital tape (see flow chart in Figure 5).

A minimum analysis (mean, standard deviation and root Qo) was performed
after each run for all 11 channels. This was done twice on each computer
printout--once after passing the analogue signal through 10 Hz, 6 pole,
Butterworth filters, and a second time after passing the signal through

similar 6 Hz filters. A 6 Hz filter tends to provide a cleaner signal,



and a 10 Hz filter would allow higher frequency information to pass " o

unattenuated, if such exists. Subsequent spectral analysis showed that

no significant energy was present beyond about 5Hz, thus indicating the

suitability of 6Hz filters.
In random waves, a zero-crossing routine was used to determine the number

of cycles of wave encounter. Maximum, minimum and average double amplitudes

were also evaluated. Random wave runs for the same condition were grouped

together and treated as one long sample. After the experiments were completed,

spectral analysis and time-domain analysis were carried out for all random

wave groupings and for all channels except velocity. The DTNSRDC Control

Data Corporation 6700 computer and Stromberg Carlson 4060 (SC4060) plotter

were used for these analyses. Spectra and histograms were generated by the

DTNSRDC "Power Spectra, Histograms, and Fourier Transforms" (PSHAFT) program ©

in conjunction with the "General Printing and Plotting" (GPP) program. In

addition to plotting spectra and histograms, response amplitude operators

(RAQ's) and non-dimensional transfer functions were plotted by the SC 4060.
Resolution for the spectral analyses was selected so that at least 40

degrees-of-freedom (DOF) would result. DOF is defined by

_ 2_+ number of data points
DOF =
number of Tags

+ 0.5

The calculation of auto-correlation function in PSHAFT allows for a maximum

of 60 lags (these are analagous to frequencies in the FFT procedure).



A summary of comments relative to changes in instrumentation setup

and problems encountered during some runs is contained in Table 4.
PRESENTATION AND DISCUSSION OF EXPERIMENTAL RESULTS
SAMPLE COMPUTER PRINTOUTS

Real-time computer analysis was performed for all runs made in the towing
tank. Figure 6 is a sample printout obtained from a random wave run. The
~calm water run analysis was similar to that in Figure 6, but omitted the
reference to heading. Several runs made for the same conditions to obtain
an adequate sample were grouped together for analysis. Typical results for
runs 23, 24 and 25 are given in Figure 7.

The mean ("d.c. level"), standard deviation or RMS (o) about the mean, and
root Qo (V2¢) for the measurements made are tabulated.

After finishing the experiments, a more thorough analysis of the random
wave runs was done in the frequency and time domains on the CDC 6700 computer,
and computer plots were prepared. An example of the output is presented in
Figure 8 which does not show results for all channels.

The 5 percent amplitude ranges given on sheets ¢ and d of Figure 8 indicate
the bandwidth for which the individual spectral ordinates do not get smaller
than 5 percent of the peak spectral ordinate.

Nondimensional transfer functions listed on sheet d and plotted on sheets
j and k are defined in the following way:

a. angular measurement: angle/o

b. displacement measurement: displacement/r

c. force measurement: force -Lc/r A

d. acceleration measurement: acceleration - GAuezr

e. pressure measurement: pressure -LC3/r A



6 = maximum wave slope
r = wave amplitude
L = cushion length (5.98 ft (1.82 m) used)
Ao = model weight (188.2 1b (85.4 kg) used in all cases)
G = acceleration due to gravity (32.2 ft/secz)
we ~ measured frequency of wave encounter

The time domain analysis results begin on sheet e of Figure 8.
Tabulations of the histograms are shown on sheets f through h where the
heading "Data Points" refers to individual points on the time-history,
separated in time by 1/sample rate.

The computer plots begin on sheet i of Figure 8. Sheet j contains
auto-spectra, response amplitude operations (RAO's) and nondimensional
transfer functions. The RAO's are obtained by dividing response spectral
ordinates by wave spectral ordinates. Statistical values obtained from
the spectral analysis are shown on the left-hand side of these figures.
The statistic labeled as "APP" (apparent) is the average of the highest
one-tenth double amplitudes. Statistical values are also given on the
histograms which start on sheet 1; these are derived from direct time
domain analysis of the signals.

DRAG, TRIM AND SINKAGE IN CALM WATER
Air tares were measured with the model raised so that the bottom of its

skirt would be about 6 in. (15.2 cm) above the water if it were fully

extended. Because of this large daylight gap the cushion and loop pressures
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\Wére quite low, and the skirt was easily deflected by impingement of air.
Therefore, a thin, plywood sheet was attached to the bow hard structure so
that the model's frontal area was always equal to that for normal operation
in ground effect. Six fans were operating as indicated for runs 72 to 91 in
Table 2, and the total volume flow of air was approximately 15.4 cfs (0.44
m3/sec). Figure 9 is a plot of the air tare drag which reaches 6 1bs (2.7 kg)
at 18 kts (including momentum drag).
Drag results from the calm water experiments are presented in Figures
10 through 12 for two model gross weights. To arrive at the values given in
these figures, fan momentum drag for the air tare experiments was substracted
from Figure 9*; the resultant (i.e. aerodynamic form and friction drag) was
then substracted from total drag measured with the model operating at its
normal daylight gap. Thus, Figures 10 through 12, and subsequent drag plots,
contain only hydrodynamic drag componénts and momentum drag for the particular
fan condition specified in each figure. Negative drag values are found at
zero speed because air exiting from the pericells produced forward thrust.
Each of Figures 10 and 11 contains data for several fan conditions (see

Table 3 for specifications) and a curve has been faired through one

condition run. In Figure 10, for a model weight of 188.2 1b (85.4 kg) it can
be seen that drag does not change with fan condition until post-hump speeds
are reached; it then increases for conditions 2 and 3 -- both of which have
lower volume air flow. Naturally, less power is absorbed by the fans in
conditions 2 and 3, thus indicating the trade-off between effective horsepower
(proportional to drag) and fan horsepower (proportional to volume air flow).

Figure 13 shows that the trim was essentially the same for conditions

*Dmom = pQV where P is air density, Q is the volume flow, and V is the

model's' forward speed. 1



‘1,2 and 3; however, Figure 14 indicates that the model ran more deeply immersed
for conditions 2 and 3 than for condition 1.

The data point for condition 15 in Figures—10, 13 and 14 is an example of
results from some runs made late in the program during which the skirt assumed
an unusual shape--probably due to a reduction in cushion pressure brought about
by parting of skirt glue joints.

Model drag at a weight of 125.5 1b (56.9 kg) is generally not affected by
the fan changes made (see Figure 11). Although during Condition 7 several more
fans were operating than during the other conditions, and with at least as high an
rpm, the faired curve is, for the most part, closely followed by the cluster of
data points around it.

Figure 12 compares drag for the two model weights with some influence of
varied fan condition also coming into play. Drag is greater for the larger
gross weight, particularly at hump speed where the curves differ by a factor
of 1.7. The hump speed is almost the same for both weights, averaging
5.5 kts.

Trim and static heave for the two model weights are compared in Figures
15 and 16, respectively. Although the air flow is less for the lighter
craft, the weight is sufficiently lower to enable the model to ride less
deeply in the water up to a speed of 10 kts. Trim is more bow up at the
lighter weight--maximum 2.3 deg compared to 1.5 deg--at least partly because
the less deeply immersed skirt experiences less drag (ergo smaller bow

down moment).

12



DRAG AND DYNAMIC VEHICLE RESPONSES IN IRREGULAR WAVES

_ Drag

Figure 17 contains mean drag results for operation in Sea States 3
and 4; they are compared with the calm water drag curve taken from Figure
10. The fan condition is the same for all of the data shown. At a model
weight of 188.2 1b (85.4 kg), hump drag in Sea State 3 is greater than
that in calm water by a factor of 1.1. In Sea State 4, hump drag exceeds
calm water drag by a factor of roughly 1.2. At cruising speeds there is also
a significant added drag penalty during operation in a seaway.

When model weight is decreased to 125.5 1b (56.9 ka), there is no
apparent increase in drag at hump speed during oneration in Sea State 4
as compared to calm water (see Figure 18). Further increase in speed
does result in a substantial added draq penalty in the seaway. Hump draa
in Sea State 6 is greater than the calm water value by a factor of 1.2.
It should be pointed out that more fans were used during the calm water
experiments than during the wave exneriments; this would tend to increase
momentum drag in ca]ﬁ water and decrease the hydrodynamic drag at cruising
speeds.

Motions, Accelerations and Pressures

A summary of standard deviation (root-mean-square about the mean)
values of model dynamic responses is given in Tables 5 through 9. Two
scale ratios were used in determining wave dimensions in the towing tank:
for the data in Tables 5, 6 and 7 a value of 1:22.7 was used; for the
results in Tables 8 and 9, the appropriate value is 1:37.5. For a scale
ratio of 1:22.7, the 188.2 1b (85.4 kg) model with a pe /i’S of 400 Newtons/m3
represents a prototype weighing 1,000 metric tons; the 125.5 1b (56.9 kg)

model with a scale ratio of 1:37.5 and pcA'S of 285 Newtons/m3 represents

L}
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a prototype of 3,000 metric tons.
By comparing Table; 5 and 6, one can see how vehicle responses increase
with sea state at a speed of 6 kts. For example, heave increases by a
factor of 2.2 and pitch increases by a factor of 2.4 in going from Sea
State 3 to Sea State 4. It is also clear that the fluctuation in cushion
and skirt (loop) pressure is significant relative to the mean pressure. .
Accelerations are severe enough at high speeds to indicate that crew
discomfort could be a problem. Particularly noteworthy are bow acceleration
levels of 0.45 G's and CG accelerations of 0.23 G's in Sea State 6 at 10 kts
(see Table 9). Even in Sea State 4, as Table 7 shows, the standard deviation
of acceleration can be large, with bow acceleration reaching 0.40 G's and
CG acceleration equal to 0.26 G's when the model speed is 14 kts.
Plots of the motion and acceleration results as a function of speed
are provided in Figure 19. Heave appears to be almost insensitive to
speed changes over the rather broad range in speeds investigated. Pitch,
on the other hand, does decrease as speed increases. For example, when
operating at the light displacement in Sea State 4, the standard deviation
of pitch decreases from 0.54 to 0.28 (48 percent) when model speed is
increased from 6 to 18 kts. Accelerations are generally found to increase
with speed, to a large extent because the frequency of wave encounter jincreases.
The largest impact pressures measured on the wet deck during the random
wave experiments are given in Table 10. Run numbers are given in this table
so that reference can be made to Table 2 for determining the experimental

conditions. The sketch below the listing of values shows that the readings
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were made from the initial point of departure of the pulse to its peak.
The largest impact for all runs was 1.57 psi (1.08 x 104 Newtons/mz):
it occurred in Sea State 4 at a model speed of 14 kts.
COMPARISON OF DRAG AND MOTIONS FOR ANVCE AND AALC CONFIGURATIONS

An ACV model having hull proportions and configuration very similar
to the one used for the present investigation underwent towing tank
experiments under sponsorship of the Amphibious Assault Landing Craft (AALC)
program.2 There are two major differences between the AALC and ANVCE designs:
first, as discussed in this report's section describing the model, the
ANVCE skirt is twice as deep as that on the AALC model; second, the ANVCE

vehicle was more heavily loaded than its AALC counterpart.

Calm water drag for these two designs is compared in Fiqure 20. This
is total drag (i.e. aerodynamic drag 1is included) since only total draa was
available in Reference 2. Hump drag for the ANVCE model is 1.4 times as
high as that for the AALC vehicle; this is probably due primarily to the
heavier loading of the ANVCE craft. Reference 3 shows that the wave
resistance of a uniform pressure distribution moving over calm water is
proportional to the square of its magnitude. At higher speeds, as wave
resistance decreases, the total drag of both vehicles decreases before
starting to rise again with further increase of friction. form and momentum
drag components. At 15 kts drag of the ANVCE craft is still 1.5 times
larger than the drag of the AALC model.

Some comparisions of motions for ANVCE and AALC ACV's are provided in
Table 11. The deep skirt appears to result in sianificantly lower unit

pitch response; however, heave is about the same for the two models.
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CONCLUSIONS
An ACV model with a deep pericell-type skirt was teste& at the
David W. Taylor Naval Ship Research and Develupment Center to provide
a data base which can be used for evaluating the merits of this design
concept. The model speeds investigated ranged from zero to very high
equivalent values for scaled 1,000 to 3,000 metric ton prototypes.

The following conclusions can be drawn from the results of this program:

1. At a model weioht of 188.2 1b (85.4 kq) calm water drag (i.e.
hydrodynamic draa plus momentum drag) is not significantly affected by
changes in fan condition (number of fans and rpm) until post-hump speeds are
reached. At these higher speeds, drag tends to increase with decrease in
volume air flow. When model weight is reduced to 125.5 1b (56.9 ka),
changes in fan conditions do not affect drag significantly throuahout the
speed range.

2. At model speeds above 1.5 kts, calm water drag is greater for
a model weight of 188.2 1b (85.4 kg) than it is for a weight of 125.5 1b
(56.9 kg). At the hump speed of approximately 5.7 kts drag for the two
weights differs by a factor of 1.7.

3. For the heavier gross weight, hump drag in Sea State 3 is greater
than that in calm water by a factor of only 1.1. In Sea State 4 the factor
increases slightly to about 1.2. Thére is no increase in hump drag at the
lighter weight when comparing calm water and Sea State 4 operation; however,
increasing the wave severity further to Sea State 6 causes a 20 percent
increase in hump drag. At cruising speeds there is a significant increase
in drag when underway in a seaway as compared to calm water.

4. When encountering Sea State 4, heave increases by a factor of
2.2 and pitch increases by a factor of 2.4 as compared to motions occurring

in Sea State 3.
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5. Accelerations in Sea State 4 and 6 are severe enough to indicate
- that crew discomfort could be a problem. RMS levels of approximately 0.4
G's are reached at the bow and 0.25 G's at the CG.

6. Heave does not vary much with speed, while pitch and accelerations
increase with speed in the 6 to 18 kt range.

7. The largest impact pressure measured on the wet deck at a point
63 percent of the cushion length forward of the transom was 1.6 psi (1.1 x
104 Newtons/mz). It occurred in Sea State 4 at a model speed of 14 kts.

8. At hump speed, the calm water drag of the ANVCE ACV with its
hiagher cushion pressure and deeper skirt is about 1.4 times as larae as that
of the AALC ACV which has a similar hull configuration. At cruising speed
(approximately 15 kts on the model) drag of the ANVCE craft is 1.5 times
larger than that of the AALC design.

9. The unit pitch response of the ANVCE model is less than that

of the AALC model and the unit heave response is about equal for the two

craft.,
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" CARRIAGE 11

ANVCE CONVENTIONAL ACV IRREGULAR WAVE EXPERIMENT

100.

-03
1.00x10 SEPT 1976 -
vavenr
AVE = 1.1547E-01 FEET
o S16 = 1.pae2E-01 FFET
9.00x10 APP = 2 .[u8SE-91 FFETY
RTE z 6.5237E-02 FEET
atesno0 £ 978
-0
s.00m0™"" N
7.00n10"%"
L}
-0
s.00110 0"
(&) 4
w
73 B
) -04 '
N 5.00x10 [
~ L}
- : \
w
W 1
g 04 P
= a.00m0 1
]
]
]
'-
o ]
-08 I J
3.00x10 i
o
1
ot
! '
-0 1
2.00x10 " ! 1 ¥
’ 1
! ]
1 5
, [ a
-08 f N
1.00x10 |y \
| v
b
\
1
)
. - .
) 10. 20. 30. 0. 50. 40, 70. TR 90.

RUNS 107 ~ 108

CONDETINN =

HFAD SFAS  T10 KNNTS

OMEGAE (RAD/SEC)
WAVEHT SPECTRUM

AFL My SEA STATF 2 SFATFS TIMF = 1,57 MINUTES

Figure 8 - Sheet §
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1.0E-03
WAVENT

AVE = 1.1547E-01 FEET

SIG = 1.84626-01 FEET -
APP = 2.3485E-01 FEET
ATE = 4.5237E-02 FEET . .
RTE/RQO = .970 ’
0

1.0E-03 2.0Es00 . . 2.0€+00
HEAVE v :

“AVE 3 9.9982£-02 FEET
SIB = 1.5984E-01 FEET
APP = 2.0335€-01 FEET

ATE = §.4487E~02 FEET
RTE/RQD =  .949

(

. 1.0E=01 " 2.0Ee02
PITCH

AVE = 1.0757E+00 DEG W

S16 = 1.7199€+00 OEG
APP 2z 2.1879E+00 DES

ATE = ¢.0TT4E-01 DES 2
RTE/RQO = .99 J

(']
) .0E-03 1.0E+01 5.0E+00
L11.] ﬂ

=

AVE = 2.5918E-01 FEET
SIG = 8.1438E-0) FEET
APP = 5.2710E-01 FEET

RTE 2 1.4642€-01 FEET
RTE/RQO = .997 4

1.JpE-02 2.0E+0

i

.5E+00
80uACC

AVE = 4,0325€-01
SI6 z 6.4474€-01
APP = §.2016E-01

=

RTE = 2.2782E-01
RTE/R0O = 1.000
2

.0E=-03 1.0E+02
€8 acc
AVE = 1.9394E-01 6
S16 2 3.1009F-01 6
APP 3z 3.9446E-01 6
RTE = 1.0957€-01 6
RTE/ROO z }.000 J
[
0. ONEGAE ssves 0, ONEGAE Svess O, L/LAMBDA 2.50
STATISTICAL POVER RESPONSE AMPLTTYNE NONDIMENSTONAL
PROPERTIES SPECTRA NPERATOAS TRANSFER FUNCTIONS
RUNS 107 - 108 NEAD SEAS 10 KNNTS BFIL Ny SFA STATE 2 SFRIES TIME = 1.37 MINUTES

CONDITION = 1y

Figure 8 - Sheet j
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2.0E-03 2.0E+02 E-01
STRNAC
AVE z 1.5366€-01 & .
S16 = 2.4569E-01 6
APP = 3.1253E-01 8
ATE = 8.4815€-02 6
RTE/ROO = 1.000
9
1. os.ol 2, 0E405 z.o:‘on
LELY ‘
AVE = 1.5373E+01 LBS
S16 = 2.4579E+01 LBS
APP = 3.1266E+01 LBS
RTE = 8.6851E400 LBS
RTE/RQO0 = .993 -
2.0E-01 5.0E+03 1.0E+02
SKRTPR :
AVE = 1.4358E+00 LB/FT2 :
$16 = 2.2956E400 L3/FT2
APP = 2.9202E+00 LB/FT2
RTE = 8.1118E-01 LB/FT2
RTE/RO0 = .999
1.0E-01 5.0E403 1.0E+02
CUSHPR
AVE = 1.3110E+00 LB/FT2
S16 = 2.0962E+00 LB/FT2
APP = 2.6665E400 LB/FT2 \\\
RTE = 7.4070E-01 LB/FT2
RTE/RQO = .997
i
5.0E-03 1.0E+01 2.5E400
COMPUTED BOWACC DTSPLACEMENT
AVE = 1.9148E-01 FFET !
$16 = 3.0615E~01 FEET v
a7P = 3.8945E-01 FEET l
ATE = 1.0818E-01 FEET
RTE/ROO = 0.000
[} 0
1.0€-03 2.5E400 2.0E+00
rNnPYTED €6 ACC DISPLACEMFNT
AVE = 1,0040F-01 FFET
S16 = 1.6053F-01 FFET
APP = 2.0420E-01 FFET
ATE = §.4724F-02 FFET d
RTE/RAD = 0.000
n a
0. OMEGAE sesss 0, NMEGAE L/LAM3DA
STATISTICAL POYER RESPAYSE AMPLITYDE NANOTRENSTONAL
SPFCTRA NPFRATNRS TRANSFER FUNCTIONS

PRNPERTIFES

AUNS 107 - 108 HFAD SFA

CONDITION = 1§

H 10 KNNTS

Figure 8

BFLMY SFA STATF 2
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SFRIFS TIMF

Sheet k
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WAVENT

— N2129 [ | N=1567
AVE = 1.2295E-01 FEET Fx 38 o Fz 532
S16 = 1.7853E-01 FEET —
APP z 2.1048E-01 FEET )
MED = 1.2263E-01 FEET :
FPD = 1.27626-01 FEET
1.
0. FEET 2.4E-01] O. FEET 2.4E-01|-1.8E-01  FEET 1.8E-01
NEAYVE . _
1 N= 90 — N=1567
AVE = 1.0933E-01 FEET '—'| F= 21 . F= 506
S16 = 1.6162E-01 FEET
APP = 1.9037E-01 FEET
MED = 1.0615E-01 FEET
moD = 7.8519E-02 FEET A
0. FEET 2.8E-01| O. FEET 2.8E-01| -1.6E-01  FEET 1.6E-01
PITCH : —
=106 . N=156T
AVE = 1.1509E+00 OEG" r- n _— Fz 558
S16 = 1.7031€E+00 DEG
APP = 2.0497E+00 DEG
MED = 1.1226F+00 DES
mOD = 1.0857E+00 DEG
‘]
: 0. DEG 2.8E+00] O, 2.8E+00| ~1.6E+00 0FG 1.6E+00
RBM
N=1a1 N=1587
AVE = 2.4993E-01 FEET F= 18 F= 497
S16 = 3.8903E-01 FEET
APP = 4.7962E-01 FEET
MED = 2.3895E-01 FEET ]
nOD = 2.0923E-01 FEET
0 FEET 6.4E-01] 0. FEET 6.4E-01]-%.0E-01 EET  #.0E-01
BOWACC
N=z141 N=1567
AVE = #.1809E-01 § i Fz 31 Fz 453
$16 = 6.3879E-01 6 | i~
APP = §.0110E-01 &
MED = 4.0833E-01 6 | .
mD = 2.61548-01 6
0. 3 1.0£400| 0. 1.0F+00| -6.0€-01 5.0E-01
c6 ace
' Nz1S BRI
AVE = 2,0569E-01 6 F= qo ‘ Fz %86
SIG = 3.1288F-01 6
APP = §.0259€-01 6
mED = 1.93138-01 G
nOnD = 1.9069E-01 6
7.0€-02 6 5.2F-01 1.0F-02 5.2F-01 -3.5F-01 2.5F-01
STATISTICAL DAYRLE AMPLITYDE CUMULATIVE DATA POINT
PROPERTIES BISTRIRYTIONS DISTRIBUTIONS DISTAIBYTINNS
RUNS 107 - 108 HEAD SFAS 10 XNOTS BELNY SEA STATE 2 SFRIES TIME 2 1.57 MINYTES
CONDITION - 39
Figure 8 - Sheet 1
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'
STRNAC
N=176 N=1567
AVE = 1.8222E-01 6 F= 59 Fz 498
SIG = 2.4360E-01 6
APP = 3.1236E-01 6 ,
MmED = 1.5000E-01 6
MO0 z 1.3449E-01 G _4_4_{
0. G §.5€E-01] 0 6 5.5E-01|-2.55-0! & 1.0F-0
DRAG i
E N=1567
AVE = 1.5187E+01 LBS Fz 349
S16 = 2.2352€+01 LBS
APP = 2.8857E+01 LBS
MED = 1.4285€401 LBS
med = 1.3815€+0% LBS
— )
0. LBS 3.6E«01| 0. L3S 3.4E+01 ] =1.6E401 L3S 2.4F+01
SKRTPR
= Nz 59 N=156T
AYE = 2.3017E+00 LB/FT2 Fz 19 F= 459
SIG = 2.8573F+00 LB/FT2" )
APP =z 3.3583E400 LB/FT2
MED = 2.2333F+00 LB/FT2
mOD = 1.9944F+00 LB/FT2
1.6E¢00 LB/FT2 4.0F+00] 1,6E+00 LB/FT2  4.0E+00|-2.0E+00 LB3/FT2  2.8F+00
CUSHPR
Nz 43 Nz1847
AVE = 2.2465F+00 LB/FT2 Fz 17 Fz 597
S16 = 2.8519F+00 LB/FT2 ¥
APP = 3.3333E400 LB/FT2
MFD = 2.1556F+00 LB/FT2
MAD = 1.8647F+00 LB/FT2
— S i
1.2F+00 LB/FT2  4.05400 1.2Fe00 LB/FT2 4. 0F+00 -2.RFe00 L3/FT2  }1.AFe00
STATISTICAL 0NYRLE AMPLITYDE CUMYLATIVE DATA POINT
PROPERTIES DISTRIBYTINNS OISTRIBUTINNS DISTATAYTIONS
RUNS 107 - to8 HFAD SFAS 10 KNNTS SFRIFS TIME = 1.57 MINUYTES

CONDITION - 14

BFLNy SFA STATE 2

Figure 8 - Sheet m
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DRAG, KILOGRAMS

24 ——O—CONDITION 1

O CONDITION 2

10 -
A CONDITION 3
O CONDITION 15
20
MODEL WEIGHT = 188.2 LBS(85.36 KGS)
- : | CALM WATER
Note : Air Tares Removed (See P.11)
16
6 O
12 o= 85
0 W A =
=
8 =
(a
4"(9‘ \1 |
= oy
= 8 e ——

%)
|

0 4 8 12 16
SPEED, KNOTS

Figure 10 - Drag as a Function of Speed in Calm Water;
Model Weight = 188.2 Lbs.(85.36 Kgs.)
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24
O CONDITION 6

- ——{J—— CONDITION 7
/A  CONDITION 8

20
CALM WATER
8~ MODEL WEIGHT = 125.5 LBS(56.93 KGS)
16 H ares Removed (See P,11)
6.—-
[75]
= 5312
5 =
S| 2 o
s 2 -
N 8 N ©
2= -“-éi_ é;‘
4
ok Og
-4
rik 0 4 8 12 16 20

SPEED, KNOTS

Figure 11 - Drag as a Function of Speed in Calm Water;
Model Weight = 125.5 Lbs.(56.93 Kgs.)

44



DRAG, KILOGRAMS

10

24
CONDITION 1, MODEL WEIGHT = 188.2 LBS.
= 85.36 KGS.
— — — CONDITION 7, MODEL WEIGHT = 125.5 LBS.
= 56.93 KGS.
20
CALM WATER
Note : Air Tares Remove*

16 _ (See Page 11)
o
=
>
£
] A
= 8 7 N e

/ N
/ N
/ —~ 4 -
. /
/
/
/
0 g
/
-4
0 4 8 12 16 20

SPEED, KNOTS

Figure 12 - Comparison of Calm Water Drag for Two Model Weights
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RUNNING TRIM, DEGREES

BOW UP

BOW DOWN

a
JAN

O

CONDITION 1
CONDITION 2
CONDITION 3
CONDITION 15

MODEL WEIGHT = 188.2 LBS(85/36 KGS)

CALM WATER

8 12
SPEED, KNOTS

16

Model Weight = 188.2 Lbs.(85.36 Kgs.)

46

20

Figure 13 - Variation of Running Trim with Speed in Calm Water;



STATIC HEAVE

up

DOWN

& CONDITION 1
1) I CONDITION 2
El = CONDITION 3
sl = ) CONDITION 15
10f
MODEL WEIGHT = 188.2 LBS(85.36 KGS)

. CALM WATER

3
6}_ \

2 >
4..

, B
2[ ~

@ O
&

oF o
-D=

-1
-4

-2

0 4 8 12 16

SPEED, KNOTS

20

Figure 14 - Variation of Static Heave with Speed in Calm Water;
Model Weight = 188.2 Lbs.(85.36 Kgs.)
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RUNNING TRIM, DEGREES
BOW UP

BOW DOWN

—QO—— CONDITION 1, MODEL WEIGHT

- 188.2 LBS.
= 85.36 KGS.
— @— CONDITION 6, MODEL WEIGHT = 125.5 LBS.
: - 56.93 KGS.
4
CALM WATER
3
v~
2 » \ﬁ~.\
N,
/ R §
[ N
A
b d ~
.\
‘| /

2 55,(3\\\\t
o TN

0 4 . 8 . 12 16
SPEED, KNOTS

Figure 15 - Comparison of Runﬁ%ng Trim for Two Model Weights
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STATIC HEAVE

up

DOWN

CENTIMETERS

—
=]
!

+ INCHES

—(O—— CONDITION 1, MODEL WEIGHT

— @ — CONDITION 6, MODEL WEIGHT

non

188.2 LBS.
85.36 KGS.

125.5 LBS.
56.93 KGS.

CALM WATER

8

12

SPEED, KNOTS

49

20

Figure 16 - Comparison of Static Heave for Two Model Weights



DRAG, KILOGRAMS

24
CONDITION 1, CALM WATER
10 a CONDITION 4, SEA STATE 3
/N  CONDITION 4, SEA STATE 4
20 A
MODEL WEIGHT = 188.2 LBS(85.36 KGS)
]
8
Note : Air Tares Removed (See P.11)
16
6 -
0
12 :
3 / = 0
3
a.
bl o \\\\\\‘
= >
o 8 e E——
2
4
0 0
i
-2 -4
0 4 8 12 16 20

SPEED, KNOTS

Figure 17 - Drag as a Function of Speed in Head Seas;
Model Weight = 188.2 Lbs.(85.36 Kgs.)
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DRAG, KILOGRAMS

DRAG, POUNDS

CONDITION 7, CALM WATER
. (O CONDITION 17, SEA STATE 4
D  CONDITION 17, SEA STATE 6
20 ’
MODEL WEIGHT = 125.5 LBS(56.93 KGS)
Note : Air Tares Removed (See P.11)
16
12 A
;|
8 / \
/ \I________;
4
0p
-4
0 4 8 12 16 20

SPEED, KNOTS

Figure 18 - Drag as a Function of Speed in Head Seas;
Model Weight = 125.5 Lbs.(56.93 Kgs.)
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TOTAL DRAG IN KILOGRAMS
TOTAL DRAG IN POUNDS

20

7.6 IN.(19.30 CM.) DEEP SKIRT
MODEL WEIGHT = 125.5 LBS.(56.93 KGS.)

— — — 3.8 IN.(9.65 CM.) DEEP SKIRT
MODEL WEIGHT = 82.3 LBS.(37.33 KGS.)

16
CALM WATER
12
// SJ__ANVCE S
™~ //-‘\
/ ™~ L AALC r__,__,/
/

0 4 8 12 16
SPEED, KNOTS

Figure 20 - Comparison of Calm Water Drag for
ANVCE and AALC Configurations
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TABLE 1

PRINCIPAL MODEL CHARACTERISTICS

UNITS
ENGL I SH METRIC
LENGTH, OVERALL .+t vt veeeteeeeteeee e, 6.6 FT 2.00 M
BEAM, OVERALL?, ................................. 3.1 FT 0.94 M
WETHEHT .52 « « o DHEEE e o o% » SE5E o8 Eimue e Do § e elimomemn om 188.2 LBS 85.36 KGS
WE L GHT L e e et e e e e e 125.5 LBS i 56.93 KGS
CUSHION AREA @ 188.2 LBS (85.36 KGS)............ 17.6 FT2 1.6k w2
CUSHION AREA @ 125.5 LBS (56.93 KGS)..v'vernn... | 16.9 FT? 1.57 M2
CUSHION LENGTH @ 125.5 LBS (56.93 KGS).......... | 6.0 FT 1.82 M
LONGITUDINAL LOCATION OF C.G. FORWARD OF TRANSOM | 2.9 FT 0.89 M
PITCH MOMENT OF INERTIA @ 188.2 LBS (85.36 KGS). | 15.4 FT-LB-SECZ | 20.88 KG-M
PITCH MOMENT OF INERTIA @ 125.5 LBS (56.93 KGS). | 11.3 FT-LB-SEC? | 15.32 KG-M

* WITH SKIRT DEFLATED
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TABLE 2

SCHEDULE OF TEST CONDITIONS

MODEL
RN B0 (KTE%E%Z;S) 5D eon | krs” |conpiTion | COMMENTS
1 188.2 3,4,5,6,8,9 | 22,500 0 CALM
(85.4)

2 4
3 6
4 10
5 14
6 BAD RUN
7 18
8 5
9 ! 8

10 3,4,8,9 0

11 4

12 6

13 10

14 v ¥ 14

15 3,4,5,8,9 | 20,250 0

16 4

17 6

18 v ' 10 v
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TABLE 2

SCHEDULE OF TEST CONDITIONS (CONTINUED)

MODEL
WE IGHT, FANS FAN [PEED,| WAVE
RUN NO . LBS USED RPM | KTS | CONDITION | COMMENTS
(KILOGRAMS)

19 . WAVEMAKER
CALIBRATION

20 . WAVEMAKER
CALIBRATION

21 188.2 3,4,5,6,8,9 22,500 | 6 | SEA STATE | SR = 22.7

(85.4) 3

22 6

23 10

24 10

25 10

26 14

27 18

28 18

29 18

30 18

31 18

32 0

33 0 v 4

34 6 | SEA STATE | SR = 22.7

35 v \ v 6 + l
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SCHEDULE OF TEST CONDITIONS (CONTINUED)

TABLE 2

MODEL
WEIGHT, FANS FAN [SPEED,| WAVE
RUN NO. LBS USED RPM KTS | CONDITION | COMMENTS
(KILOGRAMS)
36 188.2 3,4,5,6,8,9 22,500 | 10 SEA STATE BAD RUN
(85.4) 4 SR = 22.7
37 3,4,5,8,9,10 10
38 10
39 10
40 14
41 14
42 14 -
43 0
44 0 v v
45 v ¥ ] 10 SEA STATE BAD RUN
6 SR = 22.7
46 125.5 3,4,5,8,9 18,000 0 CALM
(56.9)
47 4
48 6
49 10
50 0
51 5
52 14
53 0
54 ¥ 4 L 18 v
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TABLE 2

SCHEDULE OF TEST CONDITIONS (CONTINUED)

MODEL
WEIGHT, FANS FAN |SPEED,| WAVE
RUN NO. LBS USED RPM | KTS |CONDITION | COMMENTS
(KILOGRAMS)
55 125.5 1,2,3,4,5,7,8,9,10 [ 20,250 | 0 CALM BAD RUN
(56.9)

56 0

57 4

58 0

59 4

60 T 6

61 10

62 5

63 14

64 v v 18

65 3,4,5,8,9,10 20,500 | 0

66 4

67 6

68 10

69 5

70 14

71 v v v 18 v
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TABLE 2
SCHEDULE OF TEST CONDITIONS (CONTINUED)

MODEL l
WEIGHT, FANS FAN | SPEED,]  WAVE
RUN NO. LBS USED RPM | KTS | CONDITION | COMMENTS
(KILOGRAMS) |
72 125.5 3,4,5,8,9,10 22,500 | 0 CALM AIR TARES
(56.9) '

73 2

74 4

75 6

76 8.

77 0

78 2

79 4

80 6

81 8

82 10

83 12

84 6

85 14

86 8

87 16

88 18

89 4

90 10

91 v v . 12 ¥ v
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TABLE 2
SCHEDULE OF TEST CONDITIONS (CONTINUED)

MODEL
WEIGHT, FANS FAN SPEED, WAVE
RUN NO. LBS USED RPM KTS |CONDITION | COMMENTS
(KILOGRAMS)
92 188.2 3,4,5,8,9,10 20,500 | 18 SEA STATE BAD RUN
(85.4) . 4 SR = 22.7
93 18 CALM
94 6 |SEA STATE | SR = 32.8
; 3
95 6
96 v 'v 6
97 3,4,5,8,9 20,250 | 10
98 10
99 v v 10
100 3,4,8,9 22,500 18 MODEL | BOW
101 18 v DOWN &YDEEP
102 v v 18 CALM
103 v 2,3,4,5,7,8,9 20,250 18
104 125.5 1,3,5,7,8,10 18 v
(56.9)
105 3,4,5,8,9 6 SEA STATE SR = 37.5
4
106 6
107 10
108 10
109 14
110 v v v 14 v v
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TABLE 2

SCHEDULE OF TEST CONDITIONS (CONTINUED)

MODEL
WEIGHT, FANS FAN |SPEED|  WAVE
RUN NO. LBS USED RPM | KTS | CONDITION | COMMENTS
(KILOGRAMS)
111 125.5 3,4,5,8,9 20,250 | 14 |SEA STATE | SR = 37.5
(56.9) 4
112 18
113 18
114 18
.115 18
116 18 v ‘
117 - 6 |SEA STATE |[sRr = 37.5
6
118 6
119 10
120 v v v 10 v
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TABLE 3

MODEL CONDITIONS FOR EXPERIMENTS

CONDITION KUN MOBEL WETGHT FANS USED FAN RPM
NUMBERS L8S KGS

] 1-9 | 188.2 | 85.36 | 3.4,5,6,8,9 22,500
2 10-14 | 188.2 | 85.36 | 3,4,8,9 22,500
3 15-18 | 188.2 | 85.36 | 3,4,5,8,9 20,250
4 19-35 | 188.2 | 85.36 | 3,4,5,6,8,9 22,500
5 37-45 | 188.2 | 85.36 | 3,4,5,8,9,10 22,500
6 46 - 54 | 125.5 | 56.93 | 3,4,5,8,9 18,000
7 55 - 64 | 125.5 | 56.93 | 1,2,3,4,5,7,8,9,10 | 20,250
8 65-71 | 125.5 | 56.93 | 3,4,5,8,9,10 20,500
9 72 -76 | 125.5 | 56.93 | 3,4,5,8,9,10 22,500
10 77 -91 | 125.5 | 56.93 | 3,4,5,8,9,10 22,500
" 92 188.2 | 85.36 | 3,4,5,8,9,10 22,500
12 93-9 | 188.2 | 85.36 | 3,4,5,8,9,10 20,500
13 97 - 99 | 188.2 | 85.36 | 3,4,5,8,9 20,250
14 100 - 102 | 188.2 | 85.36 | 3,4,8,9 22,500
15 103 188.2 | 85.36 | 2,3,4,5,7,8,9 20,250
16 104 125.5 | 56.93 | 1,3,5,7,8,10 20,250
17 105 - 120 | 125.5 | 56.93 | 3,4,5,8,9 20,250
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TABLE 4
INSTRUMENTATION AND COMPUTER NOTES

10.
11.

The zero for heave was taken with the weather deck edge at the
longitudinal position of the CG 10.0 inches above the water
surface.

On Interdata computer printouts, relative bow motion is too
large by a factor of 5 for Runs 1 - 4.

Run 6 is bad because of unsteady}carriage speed.

Fans out half way through Run 45.

For Runs 53 and 54,1.7 pounds should be subtracted from mean
drag on the Interdata computer printouts and 0.22 inches should
be subtracted from mean heave.

For Runs 46-52,1.7 inches should be added to mean heave

on the Interdata computer printouts and 0.4 degrees should
be added to mean pitch. In addition, the cushion pressure
values on the Interdata printout are not correct.

Fans out during Runs 55 and 57.

Lift in bow region lost during Run 100.

Air tares conducted with fans 3, 4, 5, 8, 9, 10 operating at
22,500 rpm.

Runs 19 and 20 are wavemaker calibrations.

Model plow-in occurred during Runs 101 and 102.
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" TABLE 5

SUMMARY OF MODEL RESPONSES IN SEA STATE 3* AT A WEIGHT OF
188.2 POUNDS (85.36 KILOGRAMS) FOR VARIOUS MODEL SPEEDS

FANS : 3,4,5,6,8,9 RPM = 22,500
SPEED IN KNOTS
UNITS
B 6 10 14 18
WAVE AMPLITUDE INCHES 0.49 0.47 0.48 0.48
: (CM) (1.24) | (1.18) | (1.22) | (1.22)
HEAVE INCHES 0.46 0.54 0.43 0.45
(CM) (1.16) | (1.38) | (1.10) | (1.15)
PITCH DEGREES 0.64 0.60 0.32 0.23
BOW ACCELERATION 6°S 0.160 | 0.191 0.200 | 0.230
C.G. ACCELERATION 6’S 0.081 0.102 | ©.124 | 0.165
&
STERN ACCELERATION 6’S 0.108 | 0.109 | o0.098 | 0.127
. MEAN DRAG™ POUNDS 18.19 | 12.65 1.59 | 11.15
(KILOGRAMS) | (8.25) | (5.78) | (5.26) | (5.06)
SKIRT PRESSURE PSI , | 0.0065| 0.007¢ | 0.0087 [ 0.0113
(NEWTON/ME) | (84.9) | (54.5) | (60.0) | (77.9)
CUSHION PRESSURE PSI , | 0.0063| 0.0078 | 0.0094 | 0.0123
(NENTON/M?) | (83.4) | (53.8) |(64.8) |(84.8)

* BASED ON SCALE RATIO OF 22.7
** ALL VALUES STANDARD DEVIATION EXCEPT DRAG



TABLE 6

SUMMARY OF MODEL RESPNNSES IN SEA STATE 4* AT A WEIGHT
188.2 POUNDS (85.36 KILNGRAMS) AND ONE MNDEL SPEED

FANS : 3,4,5,6,8,9 RPM = 22,500

s 7 SPEED I KNOTS
UNITS
6
WAVE AMPLITUDE INCHES 0.99
(CM) (2.50)
HEAVE INCHES 1.01
(CM) (2.57)
PITCH DEGREES 1.52
BOW ACCELERATION G°S 0.365
C.G. ACCELERATION G°S 0.194
STERN ACCELERATION 6°S 0.280
MEAN DRAG POUNDS 19.64
(KILOGRAMS) (3.91)
SKIRT PRESSURE PSI 0.0141
(NEWTON/M?) (97.2)
CUSHION PRESSURE PST 0.0158
(NEWTON/M?) (108.9)

* BASED ON SCALE RATIO NF 22.7
** ALL VALUES STANDARD DEVIATION EXCEPT DRAG
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TABLE 7

SUMMARY CF MCDEL RESPONSES IN SEA STATE 4* AT A WEIGHT OF
188.2 POUNDS (85.36 KILOGRAMS) FNR VARIOUS MODEL SPEEDS

FANS : 3,4,5,8,9,10 RPM = 22,500
SPEED IN KNCTS
UNITS e -
WAVE AMPLITUDE TNCHES ¢.o4 1.01
(M) (2.39) (2.58)
HEAVE INCHES 1.06 0.95
(CM) (2.69) (2.42)
PITCH DEGREES 1.24 0.69
BOW ACCELERATION 6°S 0.389 0.400
C.G. ACCELERATION G’S 0.212 0.261
STERN ACCELERATICN £°s 0.281 0.207
MEAN DRAG POUNDS 15.79 15.49
(KILOGRAMS) (7.16) (7.03)
SKIRT PRESSURE PSI 0.0143 0.0173
(NEWTON/M?) (98.6) (119.3)
CUSHION PRESSURE PSI 0.0164 0.0171
(NEWTON/M?) (11301 (117.9)

* BASED ON SCALE RATIO OF 22.7
** ALL VALUES STANDARD DEVIATION EXCEPT DRAG
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TABLE 8

SUMMARY OF MODEL RESPONSES IN SEA STATE 4* AT A WEIGHT OF

125.5 POUNDS (56.93 KILOGRAMS) FOR VARIOUS MODEL SPEEDS

FANS : 3,4,5,8,9 RPM = 20,250
SPEED IN KNOTS
UNITS
, 6 10 14 18
WAVE AMPLITUDE INCHES 0.52 0.56 0.51 0.62
(CM) (1.33) | (1.43) | (1.29) (1.57)
HEAVE INCHES 0.49 0.50 0.48 0.48
(CM) (1.28) | (1.26) | (1.22) (1.22)
PITCH DEGREES 0.54 ¢.43 0.30 0.27
BOW ACCELERATION 6°S 0.128 | 0.167 | n.om 0.296
C.G. ACCELERATICN 6’S 0.055 | 0.078 | 0.126 0.210
STERN ACCELERATION 6°S 0.060 | 0.063 | 0.084 0.166
MEAN DRAG POUNDS 9.41 8.23 9.40 1.47
(KILOGRAMS) | (4.27) | (3.73) | (4.26) (5.20)
SKIRT PRESSURE PST , | 0.0030 | 0.0041| 0.0057 | 0.0091
(NewTON/M?) | (20.7) | (28.3) | (39.3) (62.7)
CUSHION PRESSURE PSI , | 0.0028 | 0.0037| 0.0061 0.0097
(NEWTON/MZ) | (19.3) | (25.5) | (42.1) (66.9)

* BASED ON SCALE RATIO OF 37.5
** ALL VALUES STANDARD DEVIATION EXCEPT DRAG

68




TARLE 9

SUMMARY OF MODEL RESPONSES Il SEA STATE 6* AT A WEIGHT OF
125.5 POUNDS (56.93 KILOGRAMS) FOR VARINUS MNDFL SPEENS

FANS : 3,4,5,8,9 RPM = 20,250
SPEED IM KMOTS
UNITS
6 10
WAVE AMPLITUDE- INCHES 1.15 1.39
(CM) (2.93) (3.54)
HEAVE INCHES 1.07 1.16
(CM) (2.71) (2.95)
PITCH DEGREES 1.27 1.09
BOW ACCELERATION G°S 0.313 n.450
C.G. ACCELERATION G’S 0.139 n.228
-
STERN ACCELERATION G’S 0.181 0.219
*%
e MEAN DRAG POUNDS 11.16 12.18
(KILOGRAMS) (5.06) (5.52)
SKIRT PRESSURE PSI 0.0063 0.0116
(NEWTON/M) (43.4) (80.0)
CUSHION PRESSURE PSI 0.0079 0.0125
(NEWTON/M®) (54.5) (86.2)
* BASED ON SCALE RATIO OF 37.5
** ALL VALUES STANDARD DEVIATION FXCEPT DRAG
9
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TABLE 10

IMPACT PRESSURE MEASURED AT A POINT 63 PERCENT
OF CUSHION LENGTH FORWARD OF TRANSOM

RUN LARGEST IMPACT SECOND LARGEST IMPACT
NUMBER | PST | (NewToN/ME)x1073 | pst | (NEwTON/MZ)x1073

3 | 1.0 7.58 0.86 5.93

35 | 1.06 S 1=3 0.94 6.48

36 | 0.52 3.59 0.43 2.96

37 | 1.16 8.00 1.0 7.17

8 | 1.27 8.76 1.22 8.41

39 | 1.01 6.96 0.85 5.86

50 | 1.09 7.52 1.01 6.96

8 | 0.79 5.45 0.72 4.9

42 | 1.57 10.82 0.72 4.96

45 | 0.72 4.96 0.68 4.69

46 | 0.9 6.62 0.43 2.96

50 | 0.91 6.27 0.56 3.86

N9 | 1.5 10.62 0.91 6.27

120 | 1.30 8.96 0.53 3.65

.
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TABLE 1

COMPARISON OF SIGNIFICANT MOTIONS
FOR ANVCE AND AALC CONFIGURATIONS

7.6 IN.(19.30 CM.

) DEEP SKIRT

3.8 IN.(9.65 CM.) DEEP SKIRT

MODEL WEIGHT = 125.5 LBS MODEL WEIGHT = 82.3 LBS
= 56.93 KGS = 37.33 KGS
SIG. PITCH SIG. PITCH
MODEL SPEED | SIG. WAVE HT. SIG. HEAVE SIG. WAVE HT. SIG. HEAVE
(KNOTS) SIG. WAVE HT. SIG. WAVE HT.
DEG/IN | DEG/CM DEG/IN | DEG/CM
5.0 2.90 1.14 0.88
6.0 1.06 0.42 0.95
7.5 2.80 1.10 1.00
14.0 0.65 0.26 0.97
18.0 0.46 0.18 0.73
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