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Abstract

Influence of water mass on sound propagation in the Gulf of Aden underwater acoustics used for communication, navigation
and identification of objects by both humans and marine mammals and for investigating the detrimental effects of anthropogenic activities (e.g. pile driving,
seismic survey and ships) on marine animals. The Gulf of Aden presents a unique ecosystem that deserves scientific attention. In addition to its extraordinary
biotic richness, the Gulf of Aden also serves as a highway for international trade between east and west. The Gulf of Aden is an important Gulf connecting
Red sea water with the Indian Ocean. Red Sea Water is the most prominent water mass in the Gulf of Aden and there is no ambiguity about its origin. It
outflows into the Gulf of Aden from the Red Sea through Bab-el-Mandab strait. Sound speed in the oceans depends on temperature, salinity, and pressure
and has large seasonal and spatial variations.

This paper studies patterns and seasonal variations of propagation sound in the presence of the Red sea water mass by using a coupled ocean
model (MITgcm) and an acoustic model (ray method). For this purpose, first using the results of Shafiei et al. (1397), temperature and salinity output were
extracted and then using the Mackenzie equation, the speed of sound was calculated.

Findings: By examining the sound speed profile horizontally and vertically, the intrusion flow of the Red Sea water to the Gulf of Aden was observed at
depths of 300 to 800 meters Also in winter, the outflow area of the Red Sea is larger than in summer. Then, the influence of this strong intrusion on sound
propagation are comprehensively analyzed with the parabolic equation and explained by using the ray theory. Using the ray theory, in the presence of
infiltration flow of Red Sea water to the Gulf of Aden in different scenarios, including in the direction perpendicular to this flow, parallel to the movement of
this flow and different depths of the sound source, how sound propagation from this phenomenon in these seasons Analyzed.

Propagation sound was studied in 2D and 3D, the results show that displacement the sound source across intrusion flow can change the
propagation paths and cause the convergence zone to broaden and approach the sound source. In addition, the results of two-dimensional and three-
dimensional simulations showed that the presence of these masses caused changes in the distribution of acoustic energy in both seasons. Overall, the

results show that intrusion flow can change the propagation paths and cause the convergence zone to broaden and approach the sound source.

Keywords: water mass- sound propagation- acoustic energy distribution - infusion flow — Gulf of Aden — Ray method
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Figure 1: Study area and boxes 1 and 2 for moving acoustic source and acoustic simulation from north or south, AB line, longitudinal simulation and CD line

Represents a simulation in the transverse direction
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Figure 2: Acoustic pressure field when the source is at a depth of 100 m in the longitudinal section AB (11.9 ° N and 50 ° E to 44 ° E) and at point A (44 ° E and

11.9 ° N) in two seasons ((a) winter, (B) summer)
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Figure 3: Acoustic pressure field when the source is at a depth of 600 m in the longitudinal section AB (11.9 ° N and 50 ° E to 44 ° E) and at point A (44 ° E and

11.9 ° N) in two seasons ((a) winter, (B) summer)
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Figure 4: Acoustic pressure field when the source is at a depth of 100 m in the Longitudinal section AB (11.9 ° N and 50 ° E to 44 ° E) and at point B (50 ° E
and 11.9 ° N) in two seasons ((a) winter, (B) summer)

“0 mata fap PR L gt

5d=600m Freq=200 Hz Sd=800m Fregq=200 Hz

200
20¢
() as 200 (32 Fas
60 60
Depth(m) 00 : Depth fm) 0
3 65
500
70 T0
600 -
5 5
700 0
T 80
800 85 85
800 a0 a0
! 0 05 1 1.5 2 25
10%
R fysabisg
Range m) Range [m)
(<) (<

(@) Juad 90 50 23LCNIVA G°E8-) B abais jo 5 (FFPE GOEd- °NVV,A) AB Jsb ahaie 10 e $o v Goe 10 odiion b a5 olin  SitwsST JLad lawe 10 S5

(Ol (@) « Gliae

Figure 5: Acoustic pressure field when the source is at a depth of 600 m in the Longitudinal section AB (11.9 ° N and 50 ° E to 44 ° E) and at point B (50 ° E

and 11.9 ° N) in two seasons ((a) winter, (B) summer)
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Figure 6: Acoustic pressure field when the source is at a depth of 100 m in CD cross section (E45.8 °and 12.8 ° N to 11 ° N) and at point C (45.8 °E and 11 ° N)
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Figure 7: Acoustic pressure field when the source is at a depth of 600 m in CD cross section (E45.8 ° and 12.8 ° N to 11 ° N) and at point C (45.8 ° Eand 11 ° N)

in two seasons ((a) winter, (B) summer)
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Figure 8: Acoustic pressure field when the source is at a depth of 100 m in CD cross section (E45.8 ° and 12.8 ° N to 11 ° N) and at point D (45.8 ° E and 12.8 °

N) in two seasons ((a) winter, (B) summer)
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Figure 8: Acoustic pressure field when the source is at a depth of 600 m in CD cross section (E45.8 ° and 12.8 ° N to 11 ° N) and at point D (45.8 ° E and 12.8 °

N) in two seasons ((a) winter, (B) summer)
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Figure 10: study simulation 3D in Two points. First point (200,400),

second point (600,400)
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Figure 11: Three-dimensional simulation of acoustic pressure at the first point at a depth of 100 meters (Figure 10) ((a) = winter, (b) = summer)
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Figure 12: Three-dimensional simulation of acoustic pressure at the first point at a depth of 600 meters (Figure 10) ((a) = winter, (b) = summer)
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Figure 13: 3D simulation of acoustic pressure in the second region (Figure 10) (600,400) when the acoustic source is at 100 meters ((a) = winter, (b) =

summer)
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Figure 14: 3D simulation of acoustic pressure in the second region (Figure 10) (600,400) when the acoustic source is at 600 meters ((a) = winter, (b) =

summer)
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