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(4) Bandwidth (with cable and transducer)— 2.5 Hz to
3 MHz, with critical damping at the corner frequencies.

(5) Maximum output voltage — 8 ,Vpp
(6) Voltage gain — 20.0-dB.

The pressure instrumentation system described above operated
satisfactorily without auy sign of preSSure-induced ringing, even with
rise times of the order of a few microseconds. When used with the flexible
bottom model, however, some minor acceleration induced errors were observed
because of the plate vibration. The transducers were supposedly acceleration
compensated, but because this was not a perfect compensation, some errors
occurred. An attempt was made to cancel out this error,but it proved to
be more trouble than it was worth. The error cancellation was achieved
by "adding out' an acceleration signal obtained from an accelerometer
mounted immediately next to the pressure transducer on the same mounting

fixture (see Figure 5).

This cancellation scheme was ncalibrated" by mounting the acceler-
ometer-transducer-fixture system on an electrodynamic shaker. At a given
frequency and excitation level, the accelerometer channel gain was tuned
to null out the resultant ""sum'' signal. Unfortunately, the gain required
varied as a function of frequency. Ideally, then, perfect compensation could
be achieved at only one frequency. Comparison of pressure histories with
and without the use of this compensation showed primarily a change in the
fine detail of the trace, but no significant change in the peak pressure
amplitude. All data presented herein was obtained without compensation
for acceleration-induced errors.
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EXPERIMENTAL RESULTS--EFFECT OF HULL FORM

1. Experimental Plan

Drop test experiments were conducted on a quiescent and a disturbed
water surface. For each surface condition, model geometry was systemati-
cally varied to investigate:

a. The effect of basic hull form on peak impact pressure
distribution, and

b. The effect of extent of flat bottom on the peak pressure
distribution.

In the course of the above experiments, information was also obtained on
the sensitivity of impact pressure to the degrees of freedom available to
the escape air under the model. Finally, the two-dimensional impact data
was compared with model seaworthiness test results.

All data was obtained in the form of oscilloscope records showing
the impact pressure history for the four transducer channels. For drops
on still water, each data point Rrgsented represents an average of at least
three drops. As in prior work '~, the pressure data repeatecd well on still
water if care was exercised to insure (a) that no water droplets were present
on the model bottom, (b) that the water surface was indeed still, and (c) that
the model bottom was parallel to the water surface.

Pressure data for drops on waves was also obtained in the form of
oscilloscope records. However, in this case, many more drops were
performed in view of the random nature of the pressure histories. Typically
from 20 to 100 drops were made on waves.

2. Impact on a Quiescent Water Surfac:

a. Effect of Hull Form

The U, UV and V form series of models, including the
dimensional modifications, were drop tested on a quiescent water surface
from heights ranging from 2 to 12 inches. Each model, with the exception
of the U form, was tested using at least two model weights. The basic
forms as well as their modifications, drop weights and planform areas
were summarized earlier. The primary reason for increasing drop weight
or decreasing model length (V series) was to increase the mass loading
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toward saturaiion. For each of these model conditions the experimental
results were displayed in the following form: Peak impact pressure as

a function of impact velocity with local body slope (beam-wise transducer
location) as a parameter and are presented in Figures 7 through 15. As
anticipated, the pressure-velocity relationship is generally log-linear. The
anticipated overall effect of increasing the mass loading on the models was
to increase the impact pressure for a given drop height. However, inspec-
tion of the UV and V series will reveal that the gains are minimal, indicating
that even though a more nearly mass saturated condition was achieved by
increasing model weight, a nearly saturated condition existed initially.

The V-1 model, with its abbreviated length, was dropped between
the vertical baffles to insure a two-dimensional air flow beneath the model
during impact. It can be assumed that the two-dimensional flow was
achieved with the longer model lengths.

The UV-0 (50 1b) and V-1 (51 1b) represent the most nearly mass-
saturated conditions for these two models. If the impact pressures for
these models and the U form model at a drop height of 6 inches are normal-
ized with respect to the square of the impact velocity (5.68 ft/sec), then
a direct comparison can be made with the results obtained by M.D. Ochi~.
This comparison is shown in Figure 16. For body slopes greater than
10 degrees, the logarithm of the normalized impact pressures of this study
decay linearly with body slope as did those of Ochi. It appears that the
V-1 model (higher mass loading with vertical baffles) was not truly mass
saturated. For body slopes less than 10 degrees it appears that there is
a considerable discrepancy between the two sets of data. However, private
communication with M. D. Ochi revealed that the current data points are
probably more valid because of the use of higher fidelity transducers, and
more rigid models. The overall trends of the two sets of data do tend to
support each other.

b. Effect of Extent of Flat Bottom

The effect which flat bottom width has on the peak impact
pressure profile can be illustrated by combining Figures 8, 10 and 11 for
the UV-0, 1 and 2 models, and presenting tne results for a fixed drop
height. Such a combination is presented in Figure 17 for a 6-inch drop
height. Note that the abscissa is composed of two segments which together
account for the varying flat bottom width and the local body slope outboard

of the flat bottom.
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Figure 16. Dimensionless Peak Impact Pressure As Function Of Local Body

Slope For Three Model Sections On Still Water
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Figure 19. Typical Impact Pressure Histories For Model Drops On
Waves Compared With Still Water
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Figure 24. 3readthwise Variation Of Peak Impact Pressure For The UV - 1 Mocel

(251b) On Still Water And On Waves ( 2.0Hz ), 6 in. Drop Height
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Figure 29. Breadthwise Variation Of Peak Impact Pressure For The V-0 Model
(104 b ) On Still Water And On Waves (2.0Hz ), 6 in. Drop Height






Peak I mpact Pressure - psi

lm 1 | 1 1 T

Still Water

10 +— —
T~ ]
S~
— ]\ \\i}—-———'_(i ]
/ \ |
Waves AN ]
AN
- \ -
AN
i \\ ~
] s
1 I
. i
1 1 | | | | o
0 0.2 0.4 0.6 0.8 1.0 1.2
Lateral Distance From Keel - inches 3086

Figure 31. Breadthwise Variation Of Peak Impact Pressure For The U Model
(20 1b) On Still Water Ana On Waves (2.0Hz ), 6 in. Drop Height
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Figure 33. Comparison Of Peak Impact Pressure Distribution On Three
Basic Hull Profiles | mpacting On Waves (2.0 Hz )
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Figure 34. Variation Of Peak Impact Pressure Vith Impact Velocity
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Figure 36. The Effect Of Drop Height On The Peak | mpact Pressure Distribution

On The UV-2 Model ( 46 1b ) In Waves (2.0 Hz)
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In conclusion, we believe that these results prove that good correla-
tion between simple two-dimensional drop tests and model seaworthiness
tests can be obtained. The key points in making such a simulation are (a)
using a properly scaled disturbed surface, and (b) employing the proper
effect mass loading.

d. Analogy of Balloon Drop

Some insight into the type of mechanism involved during
impact with a wavy surface is afforded by the following analogy. During
the initial stage of impact, the large body of water may be considered to be
a semi-infinite elastic medium, and the slamming force a concentrated
point load on its surface. The theory of elasticity predicts that the zone
of influence of a concentrated load on the boundary of a semi-infinite solid
is confined to a spherical region beneath the load. By assuming that this
spherical region is bounded by a membrane, and that impact occurs at the
terminal velocity for a given drop height, then a Gallilean transformation
can be made, and the analogous problem of a fluid-filled, spherical mem-
brane impacting vertically onto a rigid, flat surface (analog of ship bottom)
can be studied.

To verify this idea, tests were conducted in the laboratory wherein
water-{illed balloons were dropped on a rigid flat plate. A pressure trans-
ducer was mounted in the plate at the point of impact. In Figure 41 the
maximum contact pressure generated by the water-filled balloons falling
from 6, 12, 24 and 36-inches onto the plate is compared with drop data of
the UV form model in waves. The vertical polar axis of the balloon was
impacted normally, as nearly as possible, onto the flush-mounted trans-
ducer in the plate. The comparison is quite striking, especially in the region
extrapolated beyond the UV data.

The only major discrepancy in the above data occurs at the lower
drop heights, but might be explained as follows: The act of releasing a
balloon causes waves to travel through the fluid interior as well as around
the circumference of the membrane. These waves oscillate and decay with
time during the drop (for example, the 12, 24 and 36-inch drops). However,
when the drop time does not permit these waves to decay sufficiently, the
impact compression wave might reinforce the oscillatory waves at the pole,
and the result is an increased pressure corresponding to the lower 6-inch
(5.8 fps) drop condition. Another possible explanation of the above noted
discrepancy would be the stiffness effect of the membrane or balloon wall.
At the higher impact velocities this stiffness would tend to be negligible,
while at the lower impact velocities it could cause undue restraint of the
liquid, hence an increase in initial impact pressure.
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Figure 48. Effect Of Waves On Peak Impact Pressure For The 0.09 in. Plate
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