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INTRODUCTION

'}

This report gives the results of an experimental
determination of the hydrodynamic mass coefficient and
damping coefficient for three towed body shapes. It also
discusses the results of tests to determine the effect of
boundaries near the test body. The work is a continuation
of that reported by Hagist (1)* and Miller and Hagist (2).

- The towed body shapes were the circular configuration,
billboard configuration, and the "Y" configuration. The
tests were performed with the bodies oscillating in
translation in a vertical plane in a direction perpendicular
to the direction of towing. A sphere was used as the test

body in the boundary effect tests.

|

* Numbers in parentheses designate references at the end

of the report. ACCESSEN for
NTIS W e Scetion
noe B.if Section [5

HNANNDHNGTD t:ii
pis i gl § QA A




IT
EXPERIMENTAL INVESTIGATION

A. Instrumentation

The hydrodynamic mass data for the bodies were obtained
using the forced oscillation method. The apparatus was the
same as that used for the work reported in reference (2)
with some modifications.

The force dynamometer used for the work reported in
reference (2) was not sensitive enough to respond to the
small forces produced during low frequency, low amplitude
operation, so a new dynamometer was built. The new
dynamometer consisted of a single stainless-steel octagonal
ring instrumented with Kulite semiconductor gages with a
gage factor of 58 and temperature compensated. The gages

were installed at the U.S. Navy Underwater Sound ILaboratory.

This dynamomefer has sufficient sensitivity and holds its
calibration over a long period of time.

During the previous work the force and acceleration

were recorded by a two channel strip chart recorder. The
date needed for the computation of the hydrodynamic mass
consisted of the maximum force exerted on the body, the
acceleration, and the phase angle between the force and
the acceleration. The force and the phase angle were
determined from the recorder traces and the acceleration

was computed. Reading the recorder traces was very time




consuming, and if the force and acceleration were small,
determination of the phase angle was particularly difficult.
The instrumentation was changed to make it read out the
maximum force and the phase angle directly.

The read-out of the maximum force was accomplished
by letting the output of the force dynamometer charge a
low-leakage capacitor and reading the voltage across the
capaclitor with a standard vacuum tube voltmeter. The
read-out of the phase angle was accomplished by measuring
the time interval between zero crossings of the force
dynamometer and accelerometer signals. The time interval is
measured by a Beckman electronic counter. The counter
measured the time interval between the zero crossing on the
positive slope of the force signal and the zero crossing
on the positive slope of the accelerometer signal. To make
the zero crossings easy for the counter to see and to be
sure that the counter triggered, each signal was put through
an amplifier circuit and greatly amplified so that each
appeared to the counter as a square wave. A schematic

diagram of the instrumentation is shown in Figure 1.

B. Test Bodies

Four test bodies were used. All were constructed of
soft pine wood. Drawings of the three towed-body shapes
are shown in Figs. 2, 3, and 4. The fourth body was a

8ix inch diameter sphere.
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TEST RESULTS

A. Hydrodynamic Mass Data
For the billlboard array, Fig. 2, the hydrodynamic
mass coefficilent K 1is related to the hydrodynamic mass,

Mh » by the equation

Mh= K ()lwh

in which 1, w, and h are the length, width, and height
of the body and P is the fluid density. The quantity

elwh is the reference mass of the billboard. The
length, 1, is the dimension in the towing direction. 1In
the tests the body was oscillated in the heave mode.
This 1s in the direction of h, the body height. Since
the billboard is very thin in this direction the hydro-
dynamic mass and, hence K, is quite small. The measured
force and the phase angle between the force and accelera-
tion were quite small. The largest measured force was
10 pounds and in most runs 1t was less than five pounds.
The phase angle was, in most runs, less than five degrees.
It is in this range of operation that experimental
apparatus, in its present form, is least accurate. As a

result there was considerable scatter in the values of K

calculated from the data. The billboard data are tabulated

in Table I. The best that can be saild is that the hydro-

dynamic mass coefficient for the billboard in the heave




mode is of the order of 0.25 in the Stokes Number range

6 to 1.9 x 107.

of from 3.5 x 10




Table I

Data for the Billboard Array

Nomenclature:

R = amplitude of oscillation, inches

OMEGA = oscillation frequency, e radians per second

PHIABS = phase angle ¢ , degrees

F = measured force, pounds

FI =
FD =
HYDM

F
F

HYDMK

AMPLR

hydrodynamic mass
hydrodynamic mass coefficient

ratio of body length to amplitude of oscillation

STO NO = Stokes Number = 1%/
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For the winged array (Fig. 3) the reference mass
used was determined by taking the sum of ()lwh for the
fuselage and (>1wh for the two wings. Like the bill-
board the winged array was thin in the heave direction
and as a result the measured forces were small. The
results are tabulated in Table II. As plot of K vs.
Stokes Number for an amplitude ratio of 36.8 is shown
in Fig. 5. At the present time the authors have no
explanation for the behavior of K shown by this curve.
One might conclude that in the Stokes Number range from

6 6

2 x 10 to 9 x 10~ the hydrodynamic mass factor for the

winged array approximately 0.25.




Table II

Data for Winged Array
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For the circular array (Fig. 4) the hydrodynamic mass
is given by the equation

M = Kr _%_(bz - a%)n
in which b 1is the outer diameter, a the inner diameter
and h the height. For the model used in these tests the
reference mass was 11.86 pounds. The data are tabulated in
Table III. Figure 6 indlcates that the hydrodynamic mass
coefficient K is approximately 0.82 over the Stokes number

6 to 8 x 106.

range 1.5 x 10
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Table III

Data for Circular Array
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B. Effect of Boundaries

A series of experiments was run to determine the effect
of the nearness of the bottom boundary on the hydrodynamic
mass. A six inch diameter sphere was used as the test body.
The results obtained concur with those of Bayse and Young
(3). As long as the ratio of the depth of the water to the
depth of submergence of the body was between 2 and 7 there
was no noticeable effect on the hydrodynamic mass. No

tests were made to determine the effect of the side boundar-

ies.
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