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Phase variance of acoustic signals depending on turbulence strength

near the Mukho port in the East Sea of Korea

Abstract

The phase of the acoustic signal includes the information of the characteristics of the
medium of which the acoustic wave travels. Hence the research of phase variance has to be
accompanied by the knowledge of the medium. In this paper, the phase variance depending
on the micro-scale-turbulence of ocean was studied. The turbulence strength in the
environment of the locally isotropic and homogeneous turbulence was calculated and the
phase variance was computed through the turbulence strength along the ray path. The CTD
(Conductivity Temperature Depth) and ADCP (Acoustic Doppler Current Profiler) data were
acquired from a buoy system near the Mucho port in the East Sea of Korea and the ray paths
were calculated by the Bellhop algorithm using the acquired temperature and flow speed data.
As a result, the turbulence strength was dependent on the variation of temperature and flow
speed, so that it affected the phase variance of the received signal. Based on this result, the
phase variance affected by the turbulence strength should be considered in the sonar

operating system.
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Distribution of Turbulence Strength
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Fig. 4-9. Distribution of turbulence strength during a month (July 2008).
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(6(Nu*+v*)/ 8z )2 (b) using average value (average value of (a): 112.8,
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Fig. 4-12. The maximum normalization value of temporal variation of (0T/dz)?

X1/N% (v) and (8(vu’+v*)/ 6z )*? (-) using average value every day over a
month (July 2008).
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Casel: source depth 7m, grazing angle -30°
''''' Case2: source depth 7m, grazing angle 0°
Cased: source depth 60m, grazing angle 0°

(b) Ray tracing

20

a0}--fi

Depth [m]

80 =<4-1

80}--

100 i
1450 1500 1550 O :
[m/s] Range [km]
Fig. 4-13. Sound velocity profile (00:10% July 1% 2008) (a) ray tracing (case 1,
2, 3) (b).
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Casel: source depth 7m, grazing angle -30°
""" Case?: source depth 7m, grazing angle 0°

Cased: source depth B0m, grazing angle 0°
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Fig. 4-14. Phase variance (case 1, 2, 3) (July 1% 2008).

79 15937 3199 Ao Case 221 A FAAZ o] AH3BII} &

7V A3l Casel,3 22 AA YEFRTHIHA4-15, 16).

30



Casel: source depth 7m, grazing angle -30°
'''' CaseZ: source depth 7m, grazing angle 0°
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Fig. 4-15. Phase variance (case 1, 2, 3) (July 15% 2008).
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Fig. 4-16. Phase variance (case 1, 2, 3) (July 315 2008).
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Fig. 4-17. Phase variance due to turbulence strength (July 1% 2008).
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Fig. 4-18. Temporal variation of temperature profile (a), buoyancy frequency

profile (b) and flow speed profile (c) during a month (July 2008).
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Fig. 4-21. Temporal variation of turbulence strength (June 2008).
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Fig. 4-22. Temporal variation of (6T/0z)? (a), 1/N? (b), (6(Nu>+v*)/dz)*3 (c)
and turbulence strength (d) near 16m depth during a month (July 2008).
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Fig. 4-23. Normalization of temporal variation of (6T/éz)> X 1/N? (a), and

(6(u’+v*)/ 6z )2 (b) using average value (average value of (a): 145.2
average value of (b): 0.0049)near 16m depth during a month (July 2008).
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Fig. 4-24. Phase variance (case 1, 2, 3) May 2008).
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Fig. 4-25. Phase variance (case 1, 2, 3) (June 2008).
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Fig. 4-26. Phase variance (case 1, 2, 3) (July 2008).
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Fig. 4-27. Phase variance due to turbulence strength.
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Fig. 5—1.Comparison of temperature profile between KOCD data and buoy data.
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Phase Variance (Grazing angle:-30°)

: —6— CTD Buoy data
L —&—CTD 1m data

[hour]
Fig. 5-2. Comparison of phase variance (grazing angle -30°) (July 3% 2008).
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Fig. 5-3. Comparison of phase variance (grazing angle 0°) (July 3% 2008).
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