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Abstract

The paper presents the numerical simulation
results of hydrodynamic characteristics of bow
thruster (thrust coefficient Ky, torque coefficient
Ko) in different pitch angles using RANSE
method. Sliding mesh method is used to simulate
a rotating propeller. The grid independence study
on the simulation results is investigated. To ensure
that the calculation findings are reliable, the
numerical results are compared to the experiment
results. Besides, the flow fields are performed to
study the effect of flow around the bow thruster
and the hull. It is explained for the additional
thrust to the hull in the results.

Keywords:  Bow  thruster,  hydrodynamic
characteristics, numerical simulation, RANSE.
Tém tit

Bai bdo trinh bay két qua tinh todn cdc ddc tinh
thity dong ciia chong chéng miii (hé s6 e ddy K,
hé s6 mé men Ko) ¢ cdc géc buée khac nhau sir
dung phwong phdap RANSE. Phwong phap luoi
trweot duge sir dung dé mé phong sw chuyén dong
ciia chong chong. Anh hwéng ciia viée chia hedi
dén két qua mé phong dwoc tinh dén trong nghién
citu. Ngodi ra, bai bdo dwa ra cdc hinh anh vé
duong dong bao quanh chong chong miii va than
tau & cdc gée bude khdac nhau. Piéu nay gidi thich
cho viéc xudt hién thém thanh phc”in luc dcfy tac
déng lén than tau trong két qua tinh todn.

Tur khoa: Chong ghéng miii, cdc thong sé thiy
dong, mé phong so, RANSE.

1. Introduction

As the demand for transportation grows, so does
the number of larger inland vessels navigating the
waterways. The propeller powers must also grow to
keep the vessels maneuverable when their draught and
deadweight increase. Bow and stern thrusters are
placed aboard ships to eliminate the need for tug

assistance during berthing procedures. Compared
with the traditional propeller rudder system, the bow
thruster has better maneuverability, only at low speeds.

The original numerical methods used to evaluate
the hydrodynamic performance of propellers are
lifting surface theory and the surface panel method.
Nowadays, with the rapid development of computing
resources, compared with experimental methods, the
calculation results are relatively accurate, the cost is
lower, and the calculation time is short. Therefore,
Computational Fluid Dynamics (CFD) methods can
be used to solve many ship hydrodynamic problems.
Today, the numerical technique for solving the
Reynolds-averaged Navier-Stokes (RANS) equation
is extensively used and provides more precise results
and flow details [1].

The majority of early bow thruster research was
based on model tests. Feng Yukun [1] and his colleges
evaluate the influences of the hull, the opening fairing,
and the multiple thrusters at different inlet flow angles
via experimental and numerical methods, u-RANS
method with STAR-CCM+. The SST k-o turbulence
model with unstructured trim mesh and sliding mesh
method was applied in this paper. The errors of K7 and
Ko compared to the experiment data were 9.51% and
3.13% respectively. Nakisa and his colleges [2] studied
the effect of different
hydrodynamics characteristics of propeller. The results
showed that using SST k-o and sliding mesh gave the
numerical results closet to model tests. The maximum
difference between Kr, Ko of propeller and model tests
was 9.6% and 7.4%. Ping Lu and Sue Wang [3]
researched CFD simulation of propeller and tunnel
thruster performance. They proved that SST k- model
performed better solutions. The errors of K7, Kp were
around 6%. Van den brink [4] conducted fine numerical
simulations of the bow thruster using OpenFOAM and
studied the scour depth at quay walls. Tu [5] used CFD
with STAR-CCM+ to study the effect of grid types, grid
sizes and turbulence models on the propeller
performance. The results indicated that the mesh types,
mesh sizes and the turbulence models were the factors

turbulence model on
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affecting the simulation results. In which, SST k-« with
hexahedral mesh produced the good results in
comparison with model tests.

The above findings play an important role in
applying CFD in calculations of propeller
hydrodynamics characteristics. On the basis of
inheriting previous studies, this paper performs the
bow thruster performance at different pitch angles
using RANSE method with ANSYS CFX. The SST k-
o turbulence is used and the effect of mesh generation
is also investigated. The flow field is evaluated based
on the numerical data in order to understand why and
how the hull contribute to the thrust.

2. Numerical setup
2.1. Thruster Parameters

The bow thruster which is taken from Ship Design
and Research Centre (CTO S.A.) uses a four-blade
controllable pitch propeller (CPP). It belongs to a
research project of CTO S.A. and partners. The result
from model test for the thrust and torque of the
propeller at 20% T, =924 N, Q,,, =3.27 Nm.
The thrust on the hull and total thrust: T, =52.1N,
T, =1445 N. Typical hull geometry for the
simulation is shown in Figure 1. The dimensions of
the hull model are listed in Table 1, and the main
particulars of the thruster is illustrated in Table 2.

Table 1. Dimension of the hull model

Description Unit
Length [m] 1.59
Width [m] 0.487
Depth [m] 0.6875
Height of the propeller shaft [m] 0.2338
Diameter of the tunnel [m] 0.24

Table 2. Main Particulars of the thruster

. . Full Model

Description Unit
scale scale
Scale coefficient A - 1 5.133
Diameter D m 1.216 0.2369
Number of blades Z - 4
.. . Left-
Direction of rotation -
handed

2.2. Numerical method and physical model

Various types of CFD solvers have their own
advantages and drawbacks in terms of accuracy and
computational costs. The RANSE method which
relies on complete averaging of Navier-Stokes

Figure 1. 3D hull geometry (from CTO S.A.)

equations provide a strong balance of accuracy and
computational requirements, so they were chosen for
this paper. The SST k-omega is carried out for all the
simulation cases. This is turbulence model giving
more reliable results than other ones [5]. Based on
previous research [1, 2], sliding mesh produces the
sufficient accurate results. Hence, in order to simulate
a rotating propeller, a sliding grid method is applied.
This means that the rotation speed of the entire
propeller domain is equal to the defined rotation speed
of the propeller.

2.3. Computational domain and test cases

Model test is carried out in the deep-water towing
tank with the dimensions: length - 300.0m, width -
14.0m, depth - 6.0m (According to the description
about the deep-water towing tank from CTO S.A.)
[10]. The computing domain’s height and breadth are
set to 6.0m and 12.0m respectively, to match the
experimental conditions and 12.0 m in length to
ensure the wake field is properly created, reference
from above research [1]. The simulation is conducted
at different pitch angles: -20°, 10°, 15°, 20° and 24°.
There are two computational domains: The whole
domain (including the hull and support structure) - the
stationary domain and the propeller domain - the
rotation domain. The details of those domains are
shown in Figure 2.
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The rotational speed is constant, n=12rps. The
density of water p =997 kg/m® and the kinematic
viscosity of water at 25°is v =0.8926-10°m?/s.

Propeller domaiff ===

Figure 2. The computational domain

2.4. Mesh generation

Figure 3. Mesh structure of the domain

The mesh type, mesh size and mesh generation are
of the important factors affecting to the numerical
results. The Patch Conforming Tetra mesh method
provides support for 3D inflation and Built-in growth
and smoothness control. The mesh will try to create a
smooth size variation based on the specified growth
factor [6]. Therefore, the tetrahedral cell type is used
for the solutions. Because of the propeller's complex
geometrical characteristics and the narrow distance
between the blade tip and the tunnel, the inflations are
applied. The inflation layer improved the accuracy of
the viscous flow solution, thus, the inflation layers is
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applied at propeller blades, hub, around the tunnel and
support structure part. In these area, the mesh is
smoother to ensure the numerical results. Total
elements for two domains is about 8.80 million.
Figure 3 shows the general results of mesh in the
domain.

2.5. Boundary conditions

No-slip boundary condition is applied for the
stationary domain - whole domain and rotating
domain - propeller domain, in addition, the rotating
frame type is used in rotating domain (see as in Figure
2). The simulation is conducted in maneuvering
condition, so the inlet velocity is set to 0. The
influence of the free surface is assumed to be small
and the symmetry condition is used to approximate
the free surface effect. For all simulations here, 1° per
time - step was chosen according to the
recommendations of the ITTC [7].

3. Results and discussion
3.1. Grid-convergence study

The first step in CFD calculation is to study the
grid independence to avoid the errors caused by
meshing. According to ITTC recommendation [8], the
grid-convergence study is conducted in three different
meshes with non - integer grid refinement ratio

r, = J2 . This is used for pitch angle 20° and the

number of grid elements is illustrated in Table 3.

Table 3. The grid elements used in grid-convergence study

. Mesh size, The number of
Grid types .
m elements, million
Coarse 0.2 5.89
Medium 0.15 6.58
Fine 0.1 8.78

The change in obtained results when using various
grids is defined as:

812=(Sl—52)/81;823=(SZ—S3)/SZ (1)
where: S;, S, S3 - The propeller numerical results
of three kinds of grid - fine, medium and coarse grid.

The convergence of simulation results is evaluated
through Ry.
‘1

R =%
€23

@

0<Ri<I - Monotonous convergence, Ri<0 -
divergent convergence, Ri>1 - No convergence.
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Table 4. Results of grid-convergence study at ¢ =20°

Coa-  Medi- .
Fine & &y Ry

rse um
Kr  0.185 0.189  0.190 0.022 0.002 0.1
Ko 0031 003 0030 0025 0012 05

e,

T

8.000e-01

7.000e-01

6.000e-01

s

3.000e-01

=

0.000e+00

=

Pressure side

Suction side

Figure 4. Distribution of y+ on propeller blade

surfaces

Table 4 indicates the results of grid-convergence
study at pitch angle 20°. From Table 4, the numerical
results of propeller characteristics are monotonous
convergence. However, the differences between the
results of fine grid and medium grid are very small
and not much different to experiment results (0.204
for Kr and 0.030 for Kp). As shown Figure 4, the y+
distribution maintains below 1 when using fine mesh.
This means that this kind mesh solution gives highly
accurate results. Therefore, the fine mesh is chosen for
all simulation calculations in this paper.

Table 5. Results of Kr,

KHOA HQC - CONG NGHE

3.2. Numerical simulation results

The numerical simulation results of Kr, Ko at
various pitch angles ¢ compared to the experiment
data are shown in Table 5 and Figure 5.

" 1 kTRQ

KQ Prop_Experiment 0.1

Figure 5. Performance characteristics of bow thruster

It can be seen that the numerical simulation results
are almost close to the model test. At pitch angle 20°,
the error for K7 is about 7.06% and 2.09% for Ky. In
short, the CFD results are in good agreement with the
experiment data for the rest of simulation cases.
Figure 5 shows that at around 5°, the flow goes in
reversed direction, from support structure part to the
propeller, as indicated in -20° in Figure 6.

The added thrust on the hull

This problem is explained according to Bernoulli’s
theory. It is said that any increase in kinetic energy in a
fluid must be followed by a decrease in static pressure
[9]. When the propeller starts operating, the fluid
moves from outside into the tunnel, a corresponding
volume must move a greater distance forward in the
tunnel (narrower place) thus have a greater speed.
Hence, with the changing of the fluid speed, it appears
an area of low pressure on the hull and has additional
force acting on the hull. Within the tunnel, pressure is
lowest, then rises gradually as the flow field widens and

Ko at various pitch angles ¢

Kr[-] Kol[-]
[ dfg] Experiment CFD Error Experiment CFD Error
data results % data results %
-20 - -0.192 - - 0.024 -
10 - 0.053 - - 0.008 -
15 - 0.108 - - 0.015 -
20 0.204 0.190 7.06 0.0305 0.031 2.09
24 - 0.250 - - 0.041 -
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smaller beyond the outing of the tunnel. The flow filed
at various pitch angle are shown in Figure 6. The flow
field’s direction at positive angles tends to start from
the hub while at negative angle it goes in the opposite
direction, as mentioned above. And, there are some
turbulence flow appearing near the hull after the flow
goes out. Consider ¢=20°, the thrust on the hull
(Thu=20.523N) contributes approximately 20% of
force for the total thrust (77 =114.706N).

4. Conclusion

Velocity in Stn Frame u
Cantour 1

Figure 6. Velocity distribution in pitch angles:
-20°, 10°, 15°, 20° and 24°

The paper applied successfully CFD method when
studying the hydrodynamics characteristics of bow
thruster. The obtained CFD results are in good
agreement with the results of experiment, the errors of
7.06% for thrust coefficient and 2.09% for torque
coefficient at pitch angle 20°. In addition, the
influence of mesh size on the simulation results is
investigated to get the suitable mesh for the
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calculations. Besides, the flow field around the hull
and propeller is shown to explain how the hull also
produces the thrust. This will be considered to predict
the power of the bow thruster and its efficiency.
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