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Velocity ratio and velocity error varying with circular frequency of suspended particles with different diamater for o =

1.03 g/cm’. (a) Velocity ratio; (b) velocity error
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Table 1 Parameters of LDCP system

Parameter Specification
Wavelength /nm 491 &. 532
Measurement range /(m-+s ') 0.01-10. 00
Focal length /m 0.2-2.0

< 0.01(0.01-0.50);
< +2%V (0.50-10.00)
Spatial resolution /mm <5

1—10

Accuracy /(m-s™")

Size of trace particles /pm

Note: V represents measured velocity.

AT LDCP £ G844 Gt Jie 2 230 10 T 370 i S5
HEAT T B LI, A T T AR G E A T
FER R 25 "B M sh e BN, 1
T SR TR A IR TR o R FH W % 125 LDCP £

2401011-8



&5 43 % % 24 H1/2023 £ 12 B /R340

45 5 e 2 2 T B e A AR L T PR
B 22 [A) F 0 VA AL e R R ML 2 A R [
FEAE R R 22 o e 2 I T (SLC9-2) /Y B [|] 43 B¢
R 30 s, 1M LDCP & 4 1) 5 5§ 52 % 53k 10 Hzo 38
X LDCP & 4t 0 £ 48 3% 3 gk 17 e 1 A3 20 5] 11,
LDCP &34 8008I0 3 (1448 850K 5020 R 1204, 3X PR IE
LDCP B R f s IR . 75 B2 3, 7e JF )R i 5 Ar

LI S5 58 I, 52 A (] P S A 1 UL ) ¥k 4 R T A —
AR SRR BB Z A BB EUNE S £
A5 5 1 b A TR A BE AR B AN R S AL O
AR 45 AR5 3k B AT A5 2 Y AR T B9 5 5 R AL, X6
TR T kS5 5 0 W OB 7 AR B B2 L,
WP SEAESCRRIS7 R E aagidad o B 12 F T Seit kL
TRS AR LLd L MR T FRIE .

180
160 L

140
120

100 L

[0e)
(=

Particle occurence frequency

[=2]
[=]

1 1 1 1 1 L 1 1 L 1 1 1 1

1

08:30 10:30 12:30 14:30 16:30 18:30 20:30 22:30 00:30 02:30 04:30 06:30 08:30 10:30 12:30 14:30

Local time (UTC+8)

B 11 LDCP Z 45 87 i 8] Py 3l 25 0RE 47 it %t
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Abstract

Objective  Air-sea coupling and energy circulation inside the ocean are the frontiers of ocean science and important
directions of earth system science. Researchers have carried out extensive research on multi-scale dynamic characteristics
and ecological environment parameters based on the development of advanced remote sensing technology. However, the
lack of in-situ detection technologies for measuring marine micro-scale dynamic characteristics, and biological, physical,
and chemical features restricts the study of micro-scale phenomena and biological optics inside the ocean. The development
of these technologies for micro-scale turbulence and particle size distribution in the ocean mixing layer can improve the
understanding of the energy and matter transport inside the ocean. We focus on the great demand for high-resolution in-situ
detection technology during the study of micro-scale turbulent flow structure and analyze the feasibility of the laser Doppler
current probe in micro-scale turbulence measurement. Finally, theoretical support is provided for achieving a non-contact

measurement system with high spatio-temporal resolution.

Methods Important specification parameters in the scheme design of the laser Doppler current meter system are analyzed
theoretically. The technical parameters obtained by theoretical analysis and literature research directly contribute to device
selection and data correction during system construction. Meanwhile, we analyze the factors affecting the signal-to-noise
ratio of the laser Doppler current probe, including the laser wavelength, scattered light direction received by the optical
system, size and concentration of scattered particles, power of the transmitting laser, velocity of the particles, and

bandwidth of the signal acquisition system.

Results and Discussions Suggestions on wavelength selection of laser source are provided by analyzing the absorption
coefficient of lasers in different water media. The scattering signals of suspended particles are the main signal source of the
laser Doppler current probe. The performance of the laser Doppler current probe system is affected by the physical
characteristics of suspended particles (such as shape, particle size, and density), fluid characteristics, and motion state.
Additionally, we conclude that the laser Doppler current meter system has enough signal source in most sea areas, and the
parameter scheme of the laser Doppler current meter system can cover most particle sizes by investigating the particle size
composition, particle size distribution, and concentration of suspended particles in the ocean. The dependence of
suspended particles is simulated based on the Basset Boussinesq OSEEN (BBO) equation to correct the velocity errors at

different angular frequencies and provides theoretical support for data correction.

Conclusions The laser Doppler current probe has been proven to be effective in measuring ocean micro-scale turbulence
based on a comprehensive analysis of relevant characteristics of ocean water and suspended particles. Suggestions and
parameter calculation methods of the laser Doppler current probe system are discussed in the manuscript for micro-scale

turbulence measurement.

Key words ocean optics; laser Doppler velocimetry; current meter; marine micro-scale turbulence
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