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UNDERWATER SOUND PROPAGATION IN TONKIN GULF
USING PARABOLIC APPROXIMATION

TRUYEN AM DUGT NUGC TRONG VINH BAC BO DUNG XAP Xi PARABOLIC

ABSTRACT

The advanced technologies of SONAR (ranging or localization for instance)
have to solve the problem of underwater propagation in an ocean waveguide.
Among underwater sound transmission models such as ray, normal mode and
parabolic approximation (PA), the last one has more potential. The positives of
PA are not only in the modeling aspect of its model but also in the capability of
its practical application since unequally divided layers and range dependence are
taken into account. This paper investigates the possibility of the modeling of
Tonkin gulf using PA. The model is converged and the results of transmission loss
factorin range proved the effectiveness of the model.
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TOM TAT

Céc ki thuat tién tién ctia SONAR (vi du nhu do xa, dinh vi) phai giai bai toan
truyén &m trong 6ng dan séng dai duong. Trong 6 cAc mo hinh truyén am nhu
tia, mode chuan va xap xi paraholic thi cai cudi ciing c6 nhiéu tiém ndng hon. Cac
tu diém clia xap xi parabolic khong chi ¢ khia canh md hinh hda ma con & kha
nang &p dung trong thuc té vi ¢ xét dén viéc chia 16p khong déu va phu thudc cu
ly. Bai bo ndy nghién ciiu kha ning md hinh hoa vinh Bic Bo dung x&p Xi
paraholic. M6 hinh d hi tu va cac két qua hé s6 suy hao am theo cy ly chirng
minh hiéu qua ctia mé hinh.
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1. INTRODUCTION

SONAR (Sound navigation and ranging) techniques take
an important role in the development of social economic as
well as national security. In SONAR, the problem of
underwater sound propagation is fundamental issue. As we
known, there are numerous ways of the underwater sound
modeling which appeared in time order as ray, normal
mode and parabolic approximation method (for the rest of
the paper, we shortly named as parabolic method) [1]. The
parabolic method is introduced firstly by Tappert [2] and is
considered the modern and most practical method since it
applied for the medium which has layers separated
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unclearly [2-6]. The advantages of parabolic method
consists of using a source with one-way propagation,
applying for range dependence, as well as performing in
the medium which is not required exactly layered
separation. However, those advantages did not include in
ray and normal mode method [1-6].

So whether or not the parabolic method can be
exploited for the underwater sound propagation in Tonkin
gulf of Vietnam? On the basis of the positive aspects of the
parabolic method, the paper has been used this method to
calculate the underwater sound transmission in Tonkin gulf
and to answer the question.

The obtained results show that when we divided the grid
small enough (the depth, Az g%, the range, Ar = (5-10)Az),

the parabolic algorithm converged fast. The achieved results
of transmission loss factor with the range up to 10 and 15 km
proved for the efficiency of the method. Those results are
very useful for designing of a SONAR system in reality.

The rest of the paper is organized as follows. Section ||
presents the parabolic method, the source level and the
medium parameters. We evaluate the PA model in Tonkin
gulf in section Ill. Section IV is our discussions. We conclude
the paperin section V.

2. METHOD AND DATA
2.1. The parabolic method

Starting from the Helmholtz equation in the most
general form [1]

Vi +kg(n® Dy =0 (1)

where n is the refraction index of the medium and k, is
the wavenumber at the acoustic source.

In cylindrical coordinate, (1) becomes

1
Vi +Fl//r ty, + k?) (n2 _1)l// =0 (2)

in which the subscripts denote the order of derivative.
From the assumption of Tappert [2-3], Y is defined as
w(r,z) = O(r,2)V(r) 3)
where z denotes depth and r denotes distance.
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Thus (2) becomes the system of equations as follows

@, +[}+%Vrj®r 0, +K (0" DD =0 @
r

and V, 2V, +K2V =0 (5)
r

The root of (5)
approximation as

is a Hankel function with its

2 ei(kor—§>

VrO = H%) (kor) =

(6)

r
0
After some manipulations, (4) becomes
2ik,®, - @, +k2(n*-)Dd =0 @),
i.e. a parabolic equation.

Taking the Fourier transform both side of (7) in z
domain obtained

2ik,®, —K’® +k3(n* -1)® =0 (8)
Rewrite (8) in simpler form as
202 1\ _ L2
. +M(D =0 (9)
2ik,

Thus, from [7] we have
—k3 (n?-1)-k?

(D(rakz) = (D(r()akz)e 2o

where ®(r,,k,)is the initial value of the source.

()

(r-1p)

(10)

Taking the Inverse Fourier transform both side of (10)
obtained

ko n2_1Ar ﬂ .
org=e?" [ k)e ™ ek, (11)
where Ar=r -1,
Finally, we arrived
'Lu( 2 —iArk?
O(r,z)=¢ 2 IHe 2o 3{a(r,,2)} (12).

This form is called Split-Step Fourier transform.
2.2. The acoustic source

The Gauss acoustic source with the center frequency of
250 Hz can be expressed as

S
y/(O, Z) _ (koe 7(2 Z)
where K, is the wavenumber at the source and z_is the

source depth.

The source depth is 99 m and the same as receiver’s
depth.

2.3. Medium parameters
Case 1: Isovelocity

In this case, Tolkin gulf is modeled as Pekeris waveguide
with isovelocity. The medium parameters of Tolkin gulf are
given in the Table 1 as follows

(13)

Table 1. The medium parameters in case 1

Paremeter Value

Ocean depth 100m

Sound speed in winter ¢ =1500m/s

Bottom Sand, p, = 2000kg/m® ¢, = 1700 m/s

In Tablel, c denotes sound velocity whereas p indicates
medium density.

Case 2: Measured sound speed profile

In this case, Tonkin gulf is used as Pekeris waveguide
model with its sound velocity which is measured from [8].

Thuc was carried out many sound speed measurements
which were reported in his monograph. On the basis of
Thuc's results, the medium parameters of Tolkin gulf are
given in the Table 2 as follows

Table 2. The medium parameters in case 2

Paremeter Value

Ocean depth 100m

Sound speed in winter ¢(z)= 1500+ 0.3z (m/s)

Bottom Sand, p,=2000kg/m® ¢, =1700 m/s

3. SIMULATION RESULTS
Case 1: Isovelocity

The transmission loss factors in the case 1 are presented
in Figure 1 and 2.
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Figure L. Transmission loss factor with range up to 10 km (case 1)
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Figure 2. Transmission loss factor with range up to 15 km (case 1)
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Case 2: Measured sound speed profile

The transmission loss factors in the case 2 are shown in
Figure 3 and 4.

10

ol
10 |
20 |
a0k
-40 |\,

=50

Transmission Loss Factor (dB)

-60 [

=70 |

-80

Case 2: Measured data

o]

. . . . . . . . .
1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Range (m)

Figure 3. Transmission loss factor with range up to 10 km (case 2)
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Figure 4. Transmission loss factor with range up to 15km (case 2)
4. DISCUSSIONS
Case 1: Isovelocity

It can be seen from Figure 1 and 2 that the acoustic
pressure seem be decreased far from the source. However,
the pressure fluctuated up and down along the range axis.
The pressure levels at 10 km and 15 km are less than 53 dB
and 56 dB to the source respectively.

o] 5000 15000

Case 2: Measured sound speed profile

It can be seen from Figure 3 and 4 that the acoustic
pressure seem be decreased far from the source. The
pressure levels in this case at 10 km and 15 km are less than
70 dB and 80 dB to the source respectively.

The comparison between Case 1 and Case 2

The pressure levels in Case 2 are less than that of in Case
1 since the sound speeds varying are encountered. As a
consequence, the ability of sound propagation in case 2 is
reduced.
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5. CONCLUSIONS

In this paper, Helmholtz equation which becomes a
parabolic equation is solved exactly in cylindrical
coordinate. As far as mathematic is concerned, part Il of the
paper demonstrated the success of the PA model. In view
of the application, this is the first time when PA had been
exploited for Tonkin gulf in an effective manner (part lll and
IV). In future, we will use this model not only with measured
data of sound velocity but also with the data of
transmission loss in reality in order to improve it.
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