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The Ocean Bottom Flying Node (OBFN) has been widely used for offshore oil exploration, water cruising, and monitoring.
However, due to the limitation of its own energy supplies, the maneuvering of the OBFN is restrained over very short dis-
tances. To improve its cruising efficiency in order to better complete operational tasks, optimal hydrodynamic performance
of the OBFN is vitally important. The hydrodynamic performance optimization of the OBFN is conducted via computa-
tional fluid dynamics in this paper. The drag reduction performance and capsule volume are considered as optimization
parameters, through which the configuration of the OBFN is optimized based on the optimization theory. The results show
that the resistance of the OBFN decreased significantly as volume increased.

INTRODUCTION

To meet the needs of large-scale network deployment in seismic
exploration applications, Harbin Engineering University (HEU)
conceived a new special autonomous underwater vehicle (AUV),
the Ocean Bottom Flying Node (OBFN), which combines ocean
bottom node (OBN) and AUV techniques. Equipped with mul-
tifunctional sensors, it can meet multitask requirements such as
long-term sitting, sea cruising, marine resource exploring, and
submarine seismic monitoring. A schematic of OBFN is shown
in Fig. 1.

The OBFN relies on its own energy supply when sailing under-
water and can cruise only for a short distance because of its lim-
ited energy supply. It is necessary to improve its cruising effi-
ciency and reduce its energy consumption. However, its large
number of internal parts and complicated external molding make
the optimization design of OBFN very challenging.

At present, the traditional optimization methods are based on
empirical experiences, which are inefficient and also cannot obtain
a global optimal solution. In recent years, breakthroughs in com-
putational fluid dynamics (CFD) and modern optimization theory
have accelerated the development of hydrodynamic optimization.
AUV hydrodynamic optimization presents the characteristics of
multidisciplinary cross-cutting and multi-objective optimization.

Many scholars have conducted underwater vehicle optimiza-
tion. Martz (2008) optimized three indicators of cost, opera-
tion efficiency, and risk of an underwater vehicle by using ana-
lytic hierarchy process and multi-objective genetic algorithm. Vla-
hopoulos and Hart (2010) used multidisciplinary optimization to
reduce the submarine pressure tank manufacturing cost by 30%.
Miao et al. (2018) used parametric design and robust optimiza-
tion theory to optimize the shape of an underwater vehicle. Alam
et al. (2012) proposed a steady optimization algorithm based on
two random populations and applied it to the conceptual design
of a micro AUV. Considering the coupling effect among differ-
ent subsystems, Wang et al. (2014) used genetic algorithms to
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Fig. 1 The OBFN model (developed by HEU)

comprehensively optimize the AUV rapidity and energy system.
The results showed that AUV parameters, such as the length of
the parallel midbody and diameter of the gyrator, were sensitive
to the optimization result. Zhang et al. (2019) established a mul-
tidisciplinary performance analysis model for a small intelligent
ocean exploration underwater vehicle, and the weight of the vehi-
cle was reduced by 27% after optimization. Vasudev et al. (2019)
used the second-generation nondominated sorting genetic algo-
rithm (NSGA-II) to carry out multi-objective optimization design
of the profile of the torpedo type of underwater robot.

The purposes of this paper are to optimize the resistance and
configuration of the OBFN by using the multi-objective algorithm
based on the meta-model optimization theory and to effectively
reduce the resistance of direct flight while taking into account
space utilization.

OPTIMIZATION THEORY

When solving optimization problems, the first step is to estab-
lish a mathematical model of appropriate input parameters and
response parameters. However, the complexity of practical prob-
lems makes it difficult to obtain explicit mathematical func-
tion expressions. If the numerical simulation analysis method is
directly used, a huge amount of calculation will be produced, and
numerical noise effects will be received.

The meta-model method can solve the above problems quite
well. The meta-model is a mathematical model that analyzes the
existing sample data and fits the variables that can reflect the
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