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3.2 Progri input
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Figure 3.1: NORMAN environment.

Consistent with the physical model and definitions in figure 2.4, a similar input wironment
holds for NORMAN. When a definite hard sub-bottom supporting shear waves is present, a
"SOLID" solution is calculated, while a "FLUID" solution is performed when the sub-bottom is

replaced by second sed :nt layer which does not support shear w ves.
When two distinct bottom layers with different properties are not required, a two-layer model
can be realised by giving tt sediment layer a small thickness and physical properties identical

to those of either the water layer (SOLID or FLUID) or of the basement (FLUID only).

Input parameters to NORMAN can be seen in table 3.1.
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TABLE 3.1:

B PARAMETER AND EXPlI ANATION SYMROL UNIT
MODEL (SOLID or FLUID-version) - -
Sound velocity profile (depth, sound speed table) SVP -
Frequency F Hz
First layer depth (water depth) H, m
Second layer depth (sediment or water depth) H, m
Compressional sound speed in basement or sediment Ccs m/s
Shear sound speed in basement Css m/s
Source depth z, m
Receiver depth z m
TL-window start point in range Fun m
TL maximum calculation range F max m
TL analysis range increment incr m
Water density 01 g/cm?®
Water or sediment density 03 g/cm?
Sediment or basement density Ds ‘cm?
Number of incremental layers in water NL, -
Number of incremental layers in water or sediment NL, -
Lowest de-number to calculate LM -
Highest mode-number to calculate HM -
Surface rms roughness SO m
Bottom rms roughness S1 m
Compressional absorption coefficient in sediment A, dB/Hz.m
Compressional absorption coefficient in basement A, dB/Hz.m
Shear absorption coefficient in basement Asg dB/Hz.m

3.3 Program ¢-+-=-*

NORMAN can generate the following results: (Although some output examples share common

input data as will be indicated, an analysis of a specific input set is not intended).
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3.3.1 Sound velocity profile (SVP) graphics
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Figure 3.2: Sound velocity profile (Durban, summer).
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3.3.2 Normal mode or eigenfunction graphics
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Figure 3.3: The normal modes for the SVP in figure 3.2.

3.3.3 Coherent and incoherent TL vs Range plots for a range-independent environment
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Figure 3.6: Optimum frequency calculation (50 Hz).

3.3.7 Listed calculation results

- Modal wave numbers or eigenvalues.
- Individual modal propagation loss.

- Mode velocities.

3.4 Program composition and execution

NORMAN is written and compiled in Turbo Pascal for Windows (version 1.5) in the following

main Uni

NOR_WIN main program

GLOBVAR contains global variables

DETMODE calculates eigenfunction

INTERVAL  determines eigenvatues through interval reduction
MMAT contains various shared mathematical procedures
PLOSS calculates transmission loss

NORMHELP contains help information

VALIDIZE checks for valid parameter input
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low frequency underwater sound propagation in various specific environments. Such knowledge
is vital to operating a model successfully. This belief is supported by Jensen ([5]) when he

comments on sound propagation loss measurements versus predictions:

"However, we feel that when there is a lack of agreement it is mainly due to
insufficient knowledge about the environment and not due to a lack of
sophistication in the model in terms of handling the important propagation and

loss mechanisms correctly.”

The approach throughout the thesis was to link theory, model/ling and experiment in such a way
that the original study objectives of providing a model, as well as extending the local sound
propagation knowledge base, were met in a constructive manner. Special effort was therefore
put into documenting as much simplified and general normal mode theory as possible, as well
as to often illustrate this practically (chapters 1 and 2). Together with the specific model detail
in chapter 3 it is believed that this combined information will lead to a greater local
understanding of wave theory of sound propagation in the ocean, as well as to an awareness of

the useful application of a model based on such theory.

With the availability of NORMAN, the ~¢ dine d------+ - «-ig thesis have changed the local
situation in respect of knowledge of and experience with low frequency underwater sound

propagation in the following ways:

It now, for the first time, is possible to calculate low frequency sound propagation loss
in a specified environment and to do so accurately. NORMAN’s transmission loss
calculation accuracy was not only benchmarked against international model output , but
a NORMAN prediction measured up favourably against the results from a local low

frequency sound propagation loss experiment at sea.

Not only does this model produce accurate calculations of underwater sound propagation
loss, but it was also shown that now, for the first time in the local context, it is possible
to study, model and predict various low frequency underwater sound propagation

properties and phenomena.

- Range dependent sound propagation loss calculations can now be done. This was

a basic original requirement stated in chapter 1. In the analysis of the sound
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propagation trial use is made of this facility and a better trial versus prediction

result is obtained.

- Ducted sound propagation implies cylindrical sound spreading which is
theoretically well-accounted for by the normal mode approach. This was found to
be true and the concept of virtual mode behaviour in a surface duct was

successfully investigated.

- The deep sound channel is extensively used for remote sensing and is currently
of prime importance in the Global Warming programme in which South Africa is
a keen participant. In this case NORMAN was used to explain the time arrival

pattern measured at a receiver listening to a distant source also in the channel.

- The basic model output was also extended so that for a specific environment and
for specific source and receiver positions an optimum frequency regarding sound

propagation loss could be calculated.

- A low frequency sonar application was presented in which NORMAN was used to
predict the maximum tolerable transmission loss which still allowed detection. Of
all the terms in the sonar equation, transmission loss represents the biggest
uncertainty which is now reduced, since NORMAN provides more reliable and

accurate transmission loss calculations than ever were available before.

A functional low frequency sound propagation model as well as application examples are

therefore now available to the local underwater acoustic community.

It should also be stressed that NORMAN, if compared to modern low frequency sound
propagation models, is probably not superlative regarding presentation format, output options,
complexity (e.g. 3D versus 2D) etc. The low frequency effort was however always intended to
provide a basic model together with basic low frequency sound propagation knowledge. It is
believed that this was achieved to such a degree that should any sophisticated model now

become available for local use, enough insight will exist to operate it successfully.

In an ongoing effort however, special attention will be focused on further extending model

NORMAN in order to study more arcane subjects. Ocean bottom interaction theory, signal arrival












































