
AO_A05 14 053 TEXAS UNIV AT AUSTIN F/S 17/1
REVERBERATION MCASUREi€NTS IN WATER TANKS, (U)
JUN 62 £ I. KLEIN, D 0 BAKER NOBSR—72627

UNCLASSIFIED Nt.

AC
A~~ 4 053 __________ ________________________________________________________________ _________________
U _

R END
DATE

FILUD D

678

L~. _ ‘I



F -

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ _______

~~~~~~~~~~~~~~~
_

~~~~~~~~~
— 

—

-~

MU ~
OJ3Ct ... L~a~w~~iq~ 

~~:‘~: :‘: 
~~~~~~~~~ 

~~~ 
~~~ 
;ti~.-~

~~s~~~~2 Jflf ~~ ‘~: T ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
-

‘~ t~ _J~~~_i’c _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

(
~ B O N  )~ ASt~~~~2ITS IN wATER’~ANIcs~ j  /

~~~~~~ ~ .7ñ~~~~~~~i~~~~~~~~~r _________

(‘\/ CTh5 ~The recent !trend in antisubmarine warfare ( ASW) sonar toward larger
transducers which operate below~~ ke has created a calibration problem. For
more than 20 years ASW transducer directivity patterns and source levels have
been measured by the use of pulse techniques in tanks of moderate dimensions
(e.g. 15 ft .x 15 ft x 15 ft) . These tank measurements (at frequencies above
10 kc) were actually made in the fart ield or the Fraunhofer region of the
transducer. These existing tanks are not large enough to allow farfield
measurements to be made in them with modern ASW transducers, some of which
vii]. hardly fit into the tanks.

Since 1959 Defense Research Laboratory has been engaged in the develop-
ment of a means of predicting fart ield transducer characteristics from
measurements made in the nearfield (at ranges small compared to the trans-
ducer &tisenaions).1 Significant progress has been made in this direction.
Some recent, successful measurements were made in a highly reflective tank
by measuring near the leading edge of the received pulses; i.e., before
reflections from the tank walls could cause interference. This tank was
2.9 times the size of the transducer in diameter.

U

~~~ U.~ For transth~cera below 5 kc, nearfield measurements will be made in tanks
that may be too small for the leading-edge pulse technique. Under these

~~~~ circumstances, the absorptive properties of the tanks will need to be deter-
IC~~~ ~~~~ mined; echo reduction in the tanks will become necessary. This memorandum

D. Baker, “The Determination of Fart ield Characteristics of Large, Low-
Frequency Transducers from Nearfisid Measurements,” Defense Researcho Laboratory Acoustical Report No. 196, 15 March ~~ D D 
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present s a preliminary outl ine of a method of determining tank absorptive
properties and ~of a related method of determining the power output of a
transducer in a tank . These are called “reverbe ra tion measure ments ” becau se
both involve measuring the reverberation in the tank . These methods are not
yet recomaended as practical approaches to the problems but are presented for
the benefit of thos e desir ing to make such measur ements • It is hoped that
the methods will, prove to be practical. after more research and will serve to
suppl ement DRL ’ a method of predicti ng fart leld directivity patterns and
sourc e levels . 

• 

The metho ds presented have been used in work done at Stanford
Research Institute 2 and in smaller amounts of work done at other establish-
ments • The few data on tank properties that have been obtained by these
methods are presented ,

It should be emphasized that the methods presented do not repre sent
established , practica l. ways in which to make the desired measurements , but
only ways that appear to be feas ible.

T~~ORETIC AL BACKGROUND

In the outlined methods of determini ng tank absorption and transducer
power outp ut, the theory has been taken from air acoustics .~~‘ ~~‘ ~ The measure-
ment of tank properties closely ~tollovs measur ement of room properties in
architectural acoustics. The measurement of transducer power output closely
follows measurement of loudspeaker power outp ut in air.

2V. Salmon, et’al, “Predic t ion of Far Field Performanc e of Sonar Projectors
from Near Field Measurements , ” Final Report, Stanford Research Institute
Project No. SU-3077, November 1961.

3L. L. Beranek, Acoustic Measur ements (John Wiley and Sons, New York , 1949)
Ch. 7.

4L. N. Kinsler and A. H. Frey, Fundamentals of Acoustics (John Wiley and
Sons, New York, 1950) pp. 398_1e03.

5C. N. Harris ~Bditor), Handbook of Noise Control (McGraw-Hill, New York ,
1957) , Ch. 17.
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In air the speakers and microp hones have dimensions that are ~~~~ 1 com-
pared to the wavelength . This means that they are not appreciable absorbers
and that the speaker is not highly directional • This is one justification
for the assumption of uniform average energy density in the room. Throughout
the theory, uniform aver age energy density is assumed and abso rption by the
transducers is neglected. In air either a warbled tone or a band of noise is
used to drive the speaker in order to reduce standing waves in the room. In
some instances rotating diffusers are also employed to reduce the standing
waves • Because in practice the standing waves cannot be eliminated , uniform
aver age energy density cannot be realized. This necessitates mak ing measure-
ments at severa l, locations in the room and. aver aging results . Fewer measure-
ments are involved if the locations are carefully chosen according to certain
empirical criteria.

The underwater application for the measurement of tank absorption can be
made to fit the theory fairly well. Small tran sducers can be used with
warbled freque ncies or bands of noise. Careful transducer position ing then
gives a situation similar to that found in room measurements • Measurements
may be made at several locations and aver aged to get good results • The
method presented for these measurements has been used successfully in several
caBe s

In the power output measurement of a transducer , however , it is not
always possible to achieve the situation found in room measurements • If one
could choose a small transducer to be measured over a noise band , there
would be no great problems. In the case of an ASW transducer there are
serious problems . These transducers are large enough to be apprec iable
absorbers and directional enough to give nonun iform avera ge energy density.
Furthermore, these transducers are designed for single frequency operation
and must be measured in that way. This creates a standing wave problem
‘vhlch cann ot be remedied by the use of diffusers since the use of these is
impossible in water. The method presented for transducer output measure-
ment has been applied successfully at SRI to a ~‘m”~l1 transducer operated at
a warbled frequency. In th is test measurements were made at many points in
order to get good aver aging. This method as presented may not be adequate
for use with single-frequency transducers • More work needs to be done in
this area .
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SWG~~T.ED MEASUREM~~T TZCHNIQU~~

Measurement of Absorption in a Tank

The actual quantity measured is 1), the rate of reverberat ion decay in the
tank . Several absorption param eters can be calculated from D. The method for
determining th~ abso rption of a bare tank will be presented first , followed by

H the method for determining the absorption of absorbent material suspended in a
tank.

Bare Tank Absorpt ion

The projector placed in the tank shOuld be as nearly a point source as
possible . It should be driven by a band of noise or a warbled frequency . It
should be placed away from the boundaries of the water volume ‘by at least its
major linear dimension and should not be placed at the center or on any axis
of symaetry of the tank . The distances from the projector to all reflecting
surfaces should be both unequal and incoemensurable

The hydrophóne should also be near ly a point source and should be placed
away from the projector by at least the major linear dimens ion of the projector.
It should also be placed at least ~/4 from the boundaries of the water and at
least V2 from edges of the water vol~~ie.

The projector should be driven either by a continuous signal that can
be cleanly cut off at a certain t ime or by a pulsed signal of suff icient
pulselength that reverberation in the tank ceases to build up before that
pulse ends. Hither of these modes of operation means that steady-state
reverberation is achieved in the tank . The signal from the hydrophone is
applied to a logarithmic amplifier the outp ut of ‘which is applied either to
an Oscilloscope or to a high-speed strip-chart recorder. The signal to the
projector is cut off . After the transmission time to the bydrophone elapses,
the level out of the hydrophone drops very quickly to the level of pure
reverberation in the tank. This reverberation imeediately starts to decay.
This decay curve should be recorded from the oscilloscope with a camera or
on the strip-chart recorder . If a stri p-char t recorder is used, it should
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be ascertained, that it is suff iciently fast since the rates of decay can be
as high as about 1000 db/sec. These records should show at least 40 db of
decay.

At least five of these decay curves should be recorded at each of about
10 hydrophone positions. Since the theoretical reverberat ion decay should be
exponential , these logarithmic records should fOllow a stra ight line . If the
decay curves measured ‘either have short term fluctuat ions or are gently curvirg
in shape , a stra ight line should be fitted to them. If the curves appear to
consist of two . ;stra ight line se~nents of different slope , they should be re-
jected. The slopes of the acceptable decay curves should be measured and
averaged logarithmically.6 This procedure gives an average value of D in
db/sec.

Using the measured value of D, one may compute the average absorption
coefficient ~ (the fraction of incident energy absorbed for randcm incidence)
with the formula,

= 1 - exp (-Dv/1.o858c) (1)

‘where V — the volume of water in the tank,

S ‘~~ the area of the boundaries of the water volume with the
air-water surface excepted, and

c - the speed of sound in water.
The tank constant R may be computed with the formula

R— SW (1 -~) • (2)

The reverberation time. of the tank T~~ is defined by

T~~~— 6O/D • (3)

4
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The eche reduction for normal. inc idenc e (in db) is given by

ER = 10 1og10(1/(l-~ ) ] ; (Ii )

the total absorbing power A (Sabins) is given by

A = S ~~ . (5)

Absorption of Material Placed in the Tank

To determine the absorption due to absorbent , material plac ed in a tank ,
one must first determ ine the absorption due to the bare tank as discussed
previou sly. The aver age value of decay rate is measured and called
(instead of D as before) . The absorbent material is suspended . in the tank
but is not allowed to touch the walls. This restriction stems ’ from the fact
that the assumption is made ‘ that the tank absorption remains constant and th~
absorption of the material is added. With the absorbers in the water the
ent ire procedure for measuri ng decay rate i~ repea1~ed in order to get a value

for the tank plus absorbers. The aver age absorption coeffic ient of the
suspended material is given by

= _
~~) 

V/l.085 8m0 (6)

‘where is the area of the absorbent material in the tank.

Measurement of Transaucer Power Output in a Tank

Two methods are presented for the determination of the pow~~ output of
a transducer i n a  tank . The transducer to be measured is used as the pro-
jector. It should be placed according to the previous suggestions for pro-
jector plac~~ent in tank absorption measurements . Since this projecto r may
well be directional, the main lobe of the beam should not be pointed at the
nearest boundai”y of the water ‘v-ol~sne and shou1i~ be slightly inclined with
respect to horizontal if possible. Ideally the projector should ‘be dr iven
by a warbled frequency or band of nàise. The bydrophone should be posi-
tioned as done in tank absorption measurements.
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One of the methods of determining power output involves driving the pro-
jector continuously and measuring the average sound power level (SPL) in the
reverberant tank . Since energy distributi on in the tank , in practice, will
not be uniform, values of SPL (in db re l~ibar) should be obtained at 10 or 20
positions in the tank and averaged logarithmically . This may need to be done
at even more locations if large variations are found . The power output of
the transducer L~ (in d.b re 1 watt ) is given by

— SPL + 10 log10(S ~
) - 98 . (7)

The other method of determining power output involves measuring 
~r ’ the

sound pressure due only to reverberation . This is measured by transmitting
in the way described for tank absorption measurement s • The signal to the pro-
jector is cut off. Just after the tra nsmission time to the hydrophone elapses,
the level is due only to reverberation. This level p~, is measured and is used
to cc~pute W (the power in watts) in the formula,

W = (p~ S/4øe) (exp(DV/l.o855c) - 1] , (8)

‘where p is the density of water. Values of 
~~ 

should be measured at several
positions and aver aged logarithmical ly.

ii
The data on tank absorpt ion that have been obtained to date are s~~~a-

r ized in Table ’ I. In addition Figs. 1-3 show plots of some reverberation
decay curves oVtained at 1IADC • The straight lines chosen to fit these
curves are shown also . Figure J4 shows a plot of aver age absorption coeffi- ’
cient versus frequency for the NADC wooden tank . ‘The data supplied by NADC
were so plentiful that it was possible to rep lot them as shown in the 



H I
~ ~ .i ’

~ bA O I~~~”~~~ U~~~ I..

~~~~ 
‘
~~~,~~~

$ •  ‘
~~~~~ 

fr.

____  ~id 
______  ______  ____  ____  _____  _ _ _ _ _ _ _

‘~
_ _ _  _ _ _ _ _  _ _ _ _ _  ~ ;,~ 

.

~~~~~~ ~~~~~~~~~ 
_ _ _ _  _ _ _ _ _

0’
I

0 0 0 0 0 0 0  0 0 0  0 0 0 0 0

+1

0 I-I ,.4
.14

~~~~~~~~~~~ ~~

~ 
~~~~~~

c~ ,~~~ 0 .0 ~~ .~~~~!- ~~~~~~~~ 
W 0 ~~ 4 C ~

0 0 • 0 ’ ø 4~~ + ~~ O 11 ‘ 04’ 4’ +’ +’
~~ ~~~~~~~~ <4.~ 0 ’ 0~ r~ ~~~~~~~~~~

2 ~~ ~~~~~~, ~~~~~~~~~

~~

~ _______  

d 0 o 0 - i -~

E’~

_ _ _  _ _ _ _  _ _ _ _  ~~~~~~~~~~~ _ _  _ _ _  _ _ _  _ _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _  _ _  _  _  _ _  _ _

g 3~ * $ ’ M~~~~ ~~4k ~~~~•
‘
~~ ~~

~~ ~I~i il1~ ~ ffi.,L~ Jj
~ ~~~~~~~~~~~~ ~~~~~ ~~~~~ .!r...~ ~
~ ~~~~~~~

U



7 ‘

_ _— - --- --- -- -- --

1/ o~~~~ —
H .L~
H ii

_ _  

i ’7~~~~~~~~~~ ~~~~— -—~~2 a:
_ _ _  

// 0— — —_ ;•7__
~~~~

—
~~~~~~

_ _ _ _  

/~ II 0
0.1

/ 0 —

II ~~~~ 0’3

_ _ _  

/ /
— ~~~ II

w I ~
— 

_ _  

,~~~~~~~~~~~

- — _ — —_ — —“ —  

~~~~~~~~~~~~~~~~

— I 0 < 0éÀ I z~~~~o..
I LI.I~ (I,

~ > w
— ‘I — — s

f i  a: ‘ 0
/ IL 0

I 0 0 0 0 0 0 0  ~~ L~~~~UT
— ~~‘ (0 DWG 4S6626

Sc — ~~~~ 
2 1- 62



r - — -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

r —

~~~~~~~ 1 
_ _  _ _

H_

_ 

Ii
_ _ _  _ _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  Lii

II
_ _  _ _  _ _  _ _  _ _  L _ _  _ _  _ _  _ __ _  _ _  _ _  _ _  _ _  _ _  _ _  

W UJ~H
I i ’ I-

_ _ _  _ _ _  _ _ _  _ _ _  

II 
_ _ _  

Lii

II 0 00 0

_ _  _ _  _ _  _ _  _ _  _ _  _ _  

L 

_ _/ cj’ p.- O
/

_ _  _ _  

// 
_ _

,

I
I o a : 0
I Z LiJ 0-

_ _  

/ 
_ _  _ _  _ _  _ _  _ _  _ _~~1 2w a:a : I o

0 0 0 

IL 0 

0
0 

DRL — UT
— c,”j ‘Y’ DWG4S 6627

DDB -

3 — 2 1 — 6 2



r~ j 
— 

‘
~~~~~~~ ‘— r” ’ ’  ‘

~~
‘ ‘

~
‘ 

~~~~~~~ 

.—.- 

~

.- 
— ‘- -.-——,‘——— ,

~
,.•,•-,——‘,.

~
——., .,—‘-—- - , — ,———. - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

, —,-— —-,—.•

~~
•
~

•—.
~~~~

—--——‘ .

U

I’-
_  _  _  _  _ _ — _ _ _ 0

10 10 0

~~~~~~~II /
_ _  _ _ _  _ _ _  _ _ _  

w I ~ _ _ _  _ _ _  _ _ _  _ _  
/

_ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0
~~~9 0  / (0

—— __ _ _  _ _  _ _  — ---— ‘
, 

_ _  _ _  

3

_ _  _  _  _  _  _  
4/  
_ _  _‘/— 0

/ 7  ~
_  _  _  _  _  _  _  

/ 
_  _  _  

~~~~~~ LLJ Q~~~

~
‘1— 

~~~
_ _  _ _  _ _  _ _  _ _  _ _  

/ 7  
_ _  _ _  _ _  

uS

_ _  _ _  _ _  _ _  _ _  
/ /  

_ _  _ _  _ _  _ __ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  _ _  0

~~~ 
rID 0

0
/ _,•l

•’

_ _ _  _ _ _  _ _ _  — 1’ _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  0

__  

/ 
__ _ _  __  _

2

2 
1 

~ 0

— AV33G
DRL — UT
DWG t4S
DDB — BWS
3 — 2 2 — 6 2



r~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ . . ...H1 ”. —-
~~

‘
~
- ‘

~~ 

-- 

~
—

0.80 — -— - - — -

0
IL

_ — _ _ 7 _ — — --t~~~-~ ’0~a: /0
Ci)

_ _ _  —

_ _  

/ H
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 
~~~ 

— - - _
~J 

— — -

FREQUENCY KC

FIGURE 4

AVERAGE ABSORPTION COEFHCIENT ~ VERSUS FRL Q
USNADC ASWL TANK I

a -
., — £



22 June 1962
DDB/gb
Page 8

figures. Then have been reports issusd on some of the measurement s s’~~~~rized
in Table 1.7,8,9

I t may be seen from the table that the steel tan ks and the glass tank
absorb only a few percent of the incident energy in the vicinity of 5 kc while
the concrete tanks absorb about 20 percent . The NADC wooden tank absorbed
about 40 percent in the same freq uency range. While these values are far from
definite, the consistency of the data for the types of tanks is good.

As mentioned previously, transducer power output measurements have been
made on a transdut~er at SRI.1° The power determined in this way agreed with
the known value to within 1 db 0

SU}I4ARY

~ Methoda of’ measuring tank absorption and transducer power output are pres-
ented as guide ’lines for persons intere sted in making such measurements. The
methods are not established, practical ones, but are tentative. The method
for measuring absorption has been tried successfully by several persona • The
method of power output measurement has been tried once and was successful .
Bovever, the transducer was not one of the large ASW transducers for which
this measur ement may be important.

The few data ava ilable on tan k absorption show that wooden tanks absorb
near ly one-half the inciden t energy at about 5 kc. Concrete tanks absorb
about 20 per cent , and steel ones absorb less than 10 percent .

7v. Salmon, et al., 9p~~cit.

D. Matti son and W. C. Diehl, “Determination of the Absorption Coeffic ientof a Concrete Tank , ” Branch Report No. T-9~i-R-5, Techn iques Branch , SoundDivision, U. S • Naval. Research Laboratory, March 1962 .

9D. E. Nelson, “Sonar Tank Reverberation,” 95-1095, Research Departaent,General Dynamics/Electronics_Rochester, 9 March 1962.

Salmon, et al., op. cit.


