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ABSTRACT
In this study, numerical computation is used to develop a physicalmodel representing all important
features of the Autonomous Underwater Vehicle's (AUV) shape using the finite element methods.
Because the shape of the AUV is an essential factor in determining the application and the vehicle's
capability, investigating the effect of the environment on this profile is needed. This paper illustrates
usingComputational FluidDynamics (CFD) to investigate the effect of fluid flowon theAUV's profile
at different velocities. The results obtained from the numerical computation demonstrate some
of the hydrodynamic values of the AUV's shape, such as drag force and stress. It is necessary for
optimizing the design of an AUV. When the AUVmoves, the maximum pressure occurs at the nose
of an AUV.
Key words: Autonomous Underwater Vehicle, Computational Fluid Dynamics, Hydrodynamic,
Optimization

INTRODUCTION
Autonomous Underwater Vehicles (AUVs) have a
wide range of applications nowadays. They play an
important role in underwater surveys such as oceano-
graphic, marine biology studies, and mineral explo-
ration programs. There are two kind of unmanned
underwater vehicles. The first one is remote operated
underwater vehicle, controled by a wide device con-
nected with a vessel, transmises signal from the con-
troller on that vessel, and the power to operate. An-
other is AUV, using a wireless communication mod-
ule to control without the necessity of the human op-
erator. AUVs have a large number of advantages over
other technologies, including their low investment
costs and their high maneuverability in an area with
high currents. In addition, they can replace at some
of the underwater survey roles that are too difficult
and risky for the human to do. Also, AUVs are able
to work in a place which inconvenient for Remotely
Operated Vehicles (ROVs), such as ice-covered areas,
significant depths areas, etc.1.
One of the fundamental factors of an AUV is its size
and shape. The basic shape of the AUV is the very
first step in designing and estimating its drags tomake
AUVs more hydrodynamically efficient1. In many
applications, a careful design has brought lots of ad-
vantages by reducing drag force2. The body shape
affect the body drag, which contribute to the major
part of resistance tomove in certain evironments, thus

playing a significant part in determining range, max-
imum speed, power storage, and so on. Some exper-
iments have been done to obtain the result that body
drag is affected by features like tail, wing, especially
nose3. To make a parametric study of profile on drag,
a couple of parameters have been chosen which have
a continuously changing radius distribution. With
the development of computer technology, Computa-
tional Fluid Dynamics (CFD) now have wide range
of applications in estimating the environment’s affect
on the research subjects, solving thousands of mathe-
matical equations of fluid flow, simulating some aero-
dynamic studies1, etc. It is exciting to use numerical
methods to investigate the AUV motion. It will be a
great help for the future development of AUV.
In this study, a set of numerical simulations were car-
ried out to analyze AUV hydrodynamic performance
such as drag estimation and shape optimization. The
paper also presents types of profileprofile types at dif-
ferent speeds to obtain geometry with the best hy-
drodynamic performance and moving ability in some
specific requirements.

METHODOLOGY
Physical model
To analyze the hydrodynamic performance of anAUV
with numerical method , a computational model is
needed to build up by using Solidworks. The AUV
is a typical torpedo-shaped hull due to its classifica-
tion, which is appropriate for longer range and abil-
ity to work in the area with moderate currents. The
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hull has been designed based on Myring equations3

known for the minimum drag force. An AUV can be
divided into four parts: nose, middle, tail, and thrust
system. The shapes of the nose and tail are calculated
by using the following equations as
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The influence of parameters n and θ determine the
shape of the nose and tail, respectively. Bodies with
the blunt nose (large n) tend to have bigger drag force
because of having larger surface areas. However, it is
inappropriate for some kind of AUVs since they don’t
normally have to bear a lot of water pressure.
In this case, the skin-friction forces play an part in
maneuverability, and these depend strongly on the to-
tal area of the AUVs. To specificate some coefficients,
CDA will represent the profile drag based on the sur-
face area, and skin-friction drag would be written as
CDF . According to Sousa et al., long nose and tail
shapes greatly affect profile drag due to reducing sur-
face area 4. In this case, both CDA and CDF should be
as small as possible. The total drag CD is calculated
by:

CD =CDF +CDA =
2FD

ρu2A
+

2P
ρu2A

(3)

where:
FD is the skin-friction force
P is pressure effect to the AUV’s shape
A is the reference area
ρ is the mass density of the fluid
u is the flow speed
In this study, the geometric parameters are shown in
Table 1 and Figure 1. Figure 1 shows the shape design
of the AUV usingMyring equation. These parameters
were based on the shallow water survey AUVs with
the same capabilities existing in the market.
This kind of AUVs is usually rated up to 500.0 m, and
it is typically small since it does not have to bear high
oceanographic pressure. The AUV’s materials need to
have extremely high strength, light, and rigidity, it is
also able to corrode damage from the chemical en-
vironment in the ocean. This makes the selection of
materials that can be used in the ocean is a big issue.
Some materials have been chosen, such as steel, alu-
minum, titan, C composite, ceramic, etc. Considering

Table 1: AUV’s geometric parameters

Parameters Value

a 125 mm

1600 mm

c 500 mm

d 203.2 mm

n 2

θ 25o

the feature of AUV in this paper, Aluminium is suit-
able due to its properties.
The governing equations for the conservation of mass
and momentum are written as:

∂ρ
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where Du/Dt is the material derivative, ρ is the den-
sity, u is the flow velocity,∇ is the divergence, t is time,
p is the pressure.
Table 2 shows the boundary conditions at the surfaces
of AUV’s physical model.

Numerical method
By using CFD, the computational model is divided
into small elements and solved by the Finite Element
Method (FEM) in CFD. To simulate the movement
of AUV, the Moving Mesh method is used to con-
trol these grids that is required to generate a map-
ping from a regular domain in parameter space to an
irregularly shaped domain in physical space5. Fig-
ure 2 shows the typical mesh used in the computa-
tional domain for AUV. This method bases on Arbi-
trary Lagrangian-Eulerian (ALE). Controlling the de-
formation of every single one of the elements by using
the Windslow method:

δ 2X
δx2 +

δ 2y

δy2 = 0 (6)

Comsol Multiphysics solves the governing equations
with the correlative boundary and initial conditions.
The value of pressure force is estimated by:

F =
∫ ∫

[n.Π]sur f acedS (7)

where dS is differential, Π is tensor, and n is a unit
vector.
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Figure 1: Profile of AUV based onMyring equations.

Table 2: Definitions of surfaces

Surfaces Formula

Inlet u =−U0n

Outlet
[
−pI +µ

(
∇u+(∇u)T

)
n
]
=−p

′
0n, p

′
0 < p0

Moving wall u = u0

Symmetry K − (Kn)n = 0, K =
[
µ
(

∇u+(∇u)T
)]

n

Figure 2: Typical mesh used in the computational domain for AUV.

R ESULTS
Figure 3 illustrate the pressure fields and velocity vec-
tor field around the AUV in the longitudinal sym-
metry plane for the analyzed cases. In this situation,
AUV is operated at 2.0 m/s and located 4.0 m under
the surface.
The distribution of pressure and velocity around the
AUV is small around hull and peaked at the bow and
the sail. The minimum pressure (3.55 x 10−4Pa) is
located in the connection between the hull and nose,
and the maximum pressure (4.33 x 10−4Pa) occurs at
the top of the AUV. These parameters can be used to
design the power system of the AUV. From the result
of the CFD analysis, it can be noticed that the AUV’s
bow is strongly affected by fluid. Figure 4 shows the
numerical results estimate the stress at this position.
The pressure at the nose of the AUV slightly fluctuates
during the actuation.
TheAUV is designed to have a stable operation at sev-
eral speeds from 1.0 to 3.0 m/s and depth from 4.0 to

Figure 3: Pressure fields and velocity fields at 2.0
m/s.
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Figure4: Pressure at thebowof theAUVat speed
2m/s.

50.0 m. Figure 5 shows the drag forces at the differ-
ent velocities. The drag force increases rapidly at the
initial times and then approaches a certain valuewhen
time grows. The higher velocity of AUV, themore sig-
nificant drag force.

Figure 5: Drag forces acting on the AUV body at
different velocities.

DISCUSSION
Table 3 indicates the maximum, minimum drag force
and stress on the AUV body at the different veloci-
ties. From the results of the CFD analysis, the value
of the velocity increases relative to the drag force of
the hull and the stress at the nose of the AUVs. When
the speed of AUVs rises, not only the drag force be-
comes higher, but also the values of the stress get big-
ger. Figure 6 shows the pressure at the bow of the
AUV body corresponding to the different velocities.
From the range of speed from 1.0 to 3.0m/s, the water
pressure affected to the AUV’s bow does not change
much during the actuation.
In reality, AUVs are high maneuverability that can
move in any direction. Figure 7 illustrates the effects

Figure 6: Pressures at the bow of the AUV body
corresponding to the different velocities.

of fluid on the profile when the AUVmoves in the in-
clined direction with a 45 degrees angle and the ve-
locity is equal to 2.0 m/s. According to the numerical
results in Figure 7, the nose of the AUV occurs the
highest value of pressure (4.12 x 10−4Pa), similar to
the previous case when the AUV moves horizontally.

Figure 7: Pressure field and velocity field at 1.0
m/s when the AUV moves in the inclined direc-
tion with a 45 degrees angle.

CONCLUSIONS
In this study, an AUV concept design has been mod-
eled, meshed, and analyzed to obtain the AUV’s drag
characteristics such as pressure and velocity distribu-
tion, drag force, stress, etc. The numerical results
show that the drag force acting on an AUV’s profile
strongly depends onAUV’s velocity. The nose of AUV
has to bear a huge pressure when it ismoving. The nu-
merical results revealed a good agreementwith the ex-
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Table 3: Values obtained from AUV’s simulation using CFDMaximum,minimum, and stress of AUV at the
different velocities

Velocity [m/s] Drag force [N] Stress [Pa]

Max Min

1 22188 19.284 41203

1.5 40.139 30.88 42134

2 61.264 41.393 43332

2.5 66.291 56.221 44773

3 79.35 73.123 46513

perimental results. These results are suitable and valu-
able in future designing projects.
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