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This technical note describes a calculation procedure for a pre-

diction model presently in use at the Naval Undersea Warfare Center,

San Diego Division . This note is not to be considered as an official

NUWC report . Its purpose is to document the existing model to the ex-

tent required by Navy project offices for whom predictions have been

made .

The work described in this report has been supported under NAVSHIPS

Exploratory Development subproject SF 101 03 21, Task 87O1~, and by

Independent Research funds under NAVSHIPS subproject ZR 011 01 01.
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IN ODUCTION

his note describes the investigation of an expression to be used in

bottom bounce propagation models presently in use at NUWC Code D556.

Recently an expression~~was developed to predict the acoustic absorption

coefficient of seawater from the frequency , temperature , pressure and

salinity . This expression was developed from a combination of existing

equations in order to provide a single prediction expression valid under

all operating conditions.2~~~
’

In the past many methods of calculating the absorption coefficient

have been used. These methods include the use of the surface temperature

and 50~~~ in empirical expressions.~~ This paper shows that it is necessary

for the sake of accuracy to use the temperature averaged over the path of

the propagating ray and to include the pressure term .

SU1V~MAE Y AND CONCLUSIONS:

The acoustic absorption coefficient (a) of sea water for any particular

point is a function of the temperature (T) and the pressure (F) at that

point , as well as the frequency (f) and the relaxation frequency

Several methods of averaging a over temperature— depth profiles were compared

for accuracy and ease of computation . The difference between the absorption

calculated using depth—averaged temperature and that using the surface tern—

perature or the bottom temperature is shown in figure 3. The temperature

can be averaged in Procedure RAYTRACE* by using the existing values of depth

and time increment with five new ETRAN statements.

. 
.

*procedure RAYTRACE is computer program which computes raypath parameters
using Snell ’s Law and a velocity profile comprised of constant gradient sections.

‘I
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The absorption loss results compare favorably with those calculated using

each temperature and averaging the results.

Errors due to deletion of the pressure term in a calculatio’~s can be

significant at large depths (>2xlO ft) and higher frequencies (>3k}Iz).

Neglecting the increase in density, the static pressure is a linear function

of depth and can be averaged in Procedure RAYTRACE with the addition of three

new statements.

PROCEDURE:

The expression for the acoustic absorption of sea water 1 is

l.7?6f1.C /l-6.5~xl0~~P\ J . 6 5 0 5f  f2 .02685f2~
_ _ _  

T 
+ ~ dE/kyd

32.768+f3 \l+32.T68/f3 / \ 
~~
4
~
’
T ~T 

/

where 
~T 

is calculated as below.

= 21.9x10(6T+8(T+213 ) kHz.

The average temperature is calculated from

n
T = ~~ ~ 

Tk
t
k t

k 1

where T
k 

is the temperature during the time period t
k 

and t is the

total time during the averaging process. The average relaxation frequency

was calculated in the same manner .

U

2
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The coefficient of absorption was calculated separately using the

average temperature, the average relaxation frequency , the surface tem-

perature , and the bottom temperature. The coefficient was also determined

for each break in the temperature—depth profile and averaged to provide a

physically accurate value for comparison .

The above calculations were made for several temperature—depth profiles

derived from bathythermograph and Nansen cast data (figure 1) assuming that

the time spent at each temperature is proportional to the depth interval of

that temperature. Calculations were then made for a general profile (figure 2)

using time intervals calculated by Procedure RAYTRACE , which gives the actual

time spent by the ray in each depth interval.

The values of a as a function of frequency resulting from the applica-

tion of these averaging techniques to the general profile are shown in figure 3.

It is seen that the value determined through temperature averaging is nearly

equal to the corresponding value determined by averaging the coefficients for

each temperature along the profile.

The differences between the absorption loss at a range of 50 kyd de-

termined by the surface and the bottom temperatures are shown in figure ~~~.

Results are shown for several operating frequencies. Figures 5, 6 and 7 show

a comparison of a determined using the surface temperature , the bottom

temperature , and the average temperature for several varied temperature

profiles at a reference distance of one kiloyard.

The variations in the absorption loss caused by pressure are shown in

figure 8 for several frequencies and depths.

3
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The temperature and pressure averaging procedures described in this

note are being implemented in a modified Procedure RAYTRACE~ which will

be documented in the near future. A direct application of this technique

is in the Bottom Bounce Propagation Mode. Adaptations are also being

considered for the Convergence Zone Mode .

A table is inserted at the end of the report listing the absorption

as a function of frequency and temperature for several pressures. Zero

pressure is also listed and will coincide with values previously presented.5

The depth in feet required to produce the pressure is also listed.

I .
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Comparison of the Absorption Loss calculated from the average
temperature (T) with that calculated from the bottom temperature
(T
B
) and the surface temperature (T

s
) .

Frequency ( c x ( T ) _ a ( T
5) ) ~~5o ( a ( T ) _ a ( T

B ))~
50

khz dB at 50 kyd 
— 

dE at 50 ky d

1 .007 d.B — .002 dB

2 .176 - .051

3 .91 — .26

2.37 — .68

5 L~.~42 —1.2 7

6 6.95 — 1. 99

7 9.91 -2.83

8 13.27 —3.78

9 17.03

10 21.16 -6.0

20 80.2)4 —20 .8

30 158.8 —36.0

236.7

50 299 .5

75 326. )4 -7.93

Figure Four
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AVERAGE
FREQUENCY DEPTH a (P )  a dB DIFFERENCE

(k H z )  ( kft ) (dB/ ky d)  ( d.B/kyd) AT 50 kyd

1 5 0.052 7 0.053 0.015

1 10 0.0 52)4 0.053 0.03

1 15 0.0521 0.053 0 .0)4 5

2 5 0.129 0.13 0.05

2 10 0.128 0.13 0.10

2 15 0.127 0.13 0.15

3 5 0.186 0.19 0.20

3 10 0.182 0.19 0. )4O

3 15 0.178 0.19 o.6i

5 0.231 0.2 14 -

14 10 0.222 0 .2 )4  0.91

14 15 0.213 0.2 )4  1.36

5 5 O .2 F 3 0.30 0.86

5 10 0.267 0. 30 1.67

5 15 0.2 )4 9 0.30 2 .58

10 5 0.83 0.9 1 1.1 . 0)4

10 10 0.75 1 0.9 1 8.03

10 15 0.67 0.9 1 12.12

20 5 3 .03 3 .36 16.7

20 10 2.7 1 3.36 ~~~~

20 15 2 . 147 3 .36 145 .

Figure 8. Comparison of a calculated with and without  pressure term.
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TABLES - ABSORPTI ON COEFFICIENT vs FREQUENCY ( lcliz) AND
TENPERATURE (° F) FOR VARIOUS PRESSURES ( DECIBABS )

.UIi r’IrI ~ -~JI~~AL E 1T  0.

I ~1 P F: i~ I I ~ E
r~~~n~~ 3 t1  35 ‘10

2.0 .1..4i)t)1 .132bo3 .131512 .130520
2.2 .153s7~ .15144~ .149536 .147B86
2.5 .17 27hb .1b~~33r) .lf,6383 .163836

2.h .19-~212 .189871 .165275 .181309
3.1 .21?r Mb .209928 .203250 .197466
3.5 .2t ~~-~1’~ .237061 .226970 .218240

•291 5 1’ .�T37 01  .258336 .245054
1.5 .3’+OlSk) .31’,1B:% .293639 .275003
5.0 .3957#u .3h27W1 .334150 .3094’+ l

.472144 .42~’35u .390451 .357612
b.3 .57l~~~~~j  .5170~44 .Th7057 .~123676
7.0 .691267 .t,165u1 .555260 .500288

.8o ’)1911 .784642 .700609 .627361
9.0 1.0’~6’13-9 ~~~~~~~ ..8)7604 .77q197

10.0 1.3...~•,.2l •1- 5’~% ] .055140 .939820

12.5 ~~~~~~~~ 1.807196 1.60766~ 1.430855
15.0 3 .2u1485 2 .86716 1 2.562248 2.?M7292
~0.0 ‘+.7D552’+ 4 .3015~ 9 3.87~ 833 3.479455

F~ Eo ~+5 50 55 60

2.0 .1~~~se,3 .128920 .126275 .127713
2 .2  .1~ 6~ 61 .145225 .144152 .143217
2.5 .lul ,34 .15972b .1580t 8 .156624

2.~ .1771-i8u .1749t.u3 .172325 .170075
3.1 .1-~25U1 .1~~81I9 .184422 .181150
3.5 .210 8u .204135 .198440 .193477

.2.357.3 .223603 .214932 .207376
4.5 .2~~’Ko~. .~~‘+4R53 .232664 .222039
5.0 .2&~~’)24 .2o9421, .25323q .239125

5.b .32-)t2~* .3043~ 9 .2~32811 .264007
h . 3  •3 :j u1)U’4 .353237 .324h83 .2997b’4
7.0 .~~108h5 .374571 .342878

8.0 .5b3534 .5078~ () •4 ’)~ 285 .416811
9.0 .692h12 .~~21345 .55Q033 .504515 . -~~~
10.0 .83’1831 •7~~ () L44 3 .673041 .605239

12.5 1.27’fl3’-1 1 .1 3747~ 1.Q 1~~64~ .910’438
16.0 2.U~+13d~

) 1.J22b57 i..62%714 1.45718()
20.0 3 .11~~m5 ~ .7o )2?5~4 .-.~.5O j0E 4 1 2.240746

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



PRESSJRE .Ou J~~fl~1 E~ UI’IAL~~JT 0.

FF~-iP~ r’tAT U’~E
FREQ 70 75 80

2.0 .127222 .12 6793 .126416 .126085
2.2 .142401 .1416t~7 .141060 .140510
2.5 .155363 .154259 .153291 .152441

2.8 .lbt 3llU .166390 .164882 .163557
3.1 .176292 .175791 .173597 .171668
3.5 .189143 .185350 .182022 .179096

4.0 .2u0775 .194997 .189927 .195470
4.5 .21275o .204b2 9 .197~ 96 .191225
5.0 .2c.~679U .~~159~ 9 .206509 .198173

5.b .2 L .75u7 .~~33170 . 220530  .20 94 15
6.3 .2 77 - i lU .~~58675 .242110 .227362
7.o .31 5147 .290843 .269495 .250716

.37962 1 .347008 .31r ~350 .293129
9.1) •4 u ~~ 73b .414813 .377955 .345505

10.0 . 545705  .4935-.~ .447605 . 407 143

12.5 .617)19 .734918 .662387 .596507
lb .U 1.3 uSScn  1.171o96 1.053377
20.0 ~ .0iI~132 1. 1~03473 1.620962 1.459095

rF~)t- ’ E : RA T u ‘( E:
911 95 t O O

2 .0  ~~~~~~~~ . 12 ~~53t , . 1253 06  . 12 5 10 6
2 .2  . 1 9 ) 3 2 4  . 1 39 5 9 6  . 13 92 1 7  . 13688 1
2 .5  .15 139 1 . 1 5 1 U 2 ~ .15 0 44 14-  .14~~925
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