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Simulation Analysis and Optimization of Hydrodynamic Characteristics of Tow-Fish

HOU Benran"? XU Liping"? TIAN Yu"?
(1. National Ocean Technology Center, Tianjin 300112, China; 2. Key Laboratory of Ocean Observation Technology, Ministry of Natural
Resources, Tianjin 300112, China)

Abstract: The Moving Vessel Profiler (MVP) can obtain marine temperature and salinity profile observation data in real time, rapidly and
on a large scale during the ship’s navigation. It can master the marine hydrological and hydroacoustic structures, such as marine thermo-
cline, pycnocline, and sound velocity profile. Tow-fish is the core component of MVP, and its hydrodynamic characteristics directly affect
the observation efficiency of the marine temperature and salinity profile structure. In this paper, three-dimensional models of elliptical and
Myring-type contour tow-fish bodies are constructed based on computational fluid dynamics (CFD) simulation. The hydrodynamic perfor-
mance under small angle of attack conditions (1°~10°) is systematically compared, and the axial drag difference between the two configura-
tions is analyzed through the body-tail coupling models. The Myring-type contour tow-fish with lower axial fluid resistance is selected as the
research object for the measurement scenario of the tow-fish descent profile. The parametric scanning method is used to systematically
study the influence of the position of the center of buoyancy and gravity on the radial stability of the tow-fish. Three optimized configuration
schemes are designed: adjusting the center of buoyancy separately, regulating the center of gravity and center of buoyancy synchronously,
and adjusting the center of gravity separately. The deflection angle of the tow-fish is compared and analyzed under different strategies. The
results show that within the adjustment range of 0.05 m, adjusting the center of gravity separately can reduce the maximum deflection angle
of the tow-fish by 12.186%. This strategy can significantly improve the radial stability while avoiding the complexity of multi-parameter co-
ordinated regulation, and has good engineering practicability. In this paper, the theoretical framework of the optimal design of the hydrody-
namic characteristics of the tow-fish is established. The proposed single-parameter center of gravity adjustment strategy provides a theoreti-
cal basis for the optimization of the hydrodynamic performance of the tow-fish. It has reference value for the structural optimization and sta-
bility control of marine observation equipment.

Keywords: tow-fish; hydrodynamic characteristics; CFD; optimization



