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a b s t r a c t

The speed trial of a ship is one of the important elements guaranteeing its performance under the
contract between the ship owner and shipbuilding company. A speed trial at sea, where the tidal current
and waves are suppressed to the maximum, can prevent measurement errors due to external force
conditions. On the other hand, it is difficult to maintain a calm sea state in most sea areas determined by
the influence of the tidal current, wave, wind, etc. Therefore, this study evaluated a method of simulating
a tidal current, which is one of the external force conditions, at the speed test operation of a ship, and
applied the simulation result to the plan of a speed trial.
© 2018 Production and hosting by Elsevier B.V. on behalf of Society of Naval Architects of Korea. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The vessel speed is the most important factor of the guaranteed
components of a ship's performance. An unsatisfied guaranteed
vessel speed incurs increased OPEX and operation time, which can
be charged as a penalty by the customer. In this regard, the ne-
cessity of an accurate interpretation of a vessel's speed has
increased dramatically for an estimation of the ship's EEDI (Energy
efficiency design index) by analyze the ship's speed test results.

In general, the test of a vessel speed can by analyzed by
following the ISO15016 (2015). According to this, the speed test of
vessel is carried out under a calm sea condition and round trip, and
it is recommended to operate the ship for 10min as a minimum.
The ship's speed operation, however, is measured in a sea area
where the environmental conditions vary according to time and
region including the tidal current, wave, wind, etc. Despite the
correction factors provided by the ISO15016(2015), the influence of
beam waves is difficult to eliminate. Moreover, the tidal current

affecting a ship in the other directions may cause an increase in hull
resistance. An increased hull resistance might reduce the ship's
speed (Kim et al., 2014). To avoid and/or reduce such errors, (Lee
et al., 2010) investigated a simulation of the current at sea.

In this study, the tidal current was simulated with a modified
MEC (Marine Environment Committee) ocean model. The target
region simulated was the Straits of Korea, which is a general area of
vessel speed trials by Korean shipbuilders. Firstly, the results ob-
tained from the tidal current simulationwere compared with those
of the observation by Teague et al. (2001), and then discussed on
how to utilize them to apply to vessel speed trials. It is expected
that the results through the present study can be provided as a
reference not only to understanding the characteristics of the target
sea area but also to establish a commissioning plan, such as the
optimum time for commissioning in the sea area and the direction
in which speed trial is carried out.

2. Numerical model

2.1. MEC ocean model

The numerical model used in this study is based on the* Corresponding author.
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“Variable” version of the MEC model developed by the Marine
Environment Committee (MEC) of the Japanese Society of Naval
Architects. The characteristics of this model can be analyzed either
solely or in combination by designating a hydrostatic pressure
approximated flow analysis area and a full three-dimensional flow
analysis area according to the purpose of the analysis and the in-
fluence of the marine environment in the first place. Currently, user
groups are constructed to open program sources on the Internet
and are actively applied to environmental problems in the global
environment, marine environment, and coastal area (MEC model
manual).

2.2. Governing equation

The Navier-Stokes’ equation from the approximated hydrostatic
pressure and the continuity equation were used as the governing

equations in this study.
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where u, v, w, t, ps, f, and g are the velocity components along the
x, y, and z directions in the Cartesian coordinate system, time,
hydrostatic pressure, Coriolis parameter, and gravitational ac-
celeration. AM, and KM denote the horizontal and vertical eddy
viscosities.

The density of seawater is assumed to be a function of tem-
perature, T, and salinity, S, according to Eq. (5):

r ¼ 1028:14� 0:073T � 0:00469T2

þ ð0:802� 0:002TÞðS� 35:0Þ (5)

3. Numerical simulation

3.1. Simulation area

The target area of the simulation was the area near Tsushima
Island in the Straits of Korea, where the shipyard mainly per-
forms speed tests. Fig. 1 presents the scope of the simulation
target area.

The geometric data was obtained by Seo (2008) using the 30-s
of grid data of the Korean seas. The grid depth data were revised
by extracting the latest data of the 1-min grid depth and the
numerical data of the numerical chart of the Korea Hydrographic
and Oceanographic Agency (KHOA) published in 2007(see
Table 1).

3.2. Simulation condition

The number of horizontal grids used in the simulation was
10,201, 40,401, and 90,601 in the equal interval, and the vertical

Fig. 1. Target area of simulation.

Table 1
Lists of the simulation conditions.

Grid No. 101� 101, 201� 201, 301� 301
Grid Size (Dx, Dy) (m) 2848, 1424, 950
No. of Vertical levels, NZ 10, 20, 30, 40 (uniform)
Horizontal eddy viscosity, Am (m2/sec) 60
Vertical eddy viscosity, Km (m2/sec) 0.0001
Time step (Dt) (sec) 3
No. of time steps 864,000 (1 month)

Table 2
Lists of harmonic constants.

Harmonic
constant

Meaning Period (Hours) Frequency (rad/hour)

M2 The semi-diurnal constituent of a fictitious moon, which moves in a circular orbit in the plane of the equator 12.42 0.5059
S2 The semi-diurnal constituent of a mean sun, which moves in a circular orbit in the plane of the equator 12.00 0.5236
O1 The diurnal constituent of a fictitious moon which has a fixed circular orbit in the mean plane of the real moon 25.82 0.2433
K1 The diurnal constituent of a fictitious moon which has a fixed circular orbit in the mean plane of the real moon 23.93 0.2626
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direction was divided into 10e40 layers at a maximum depth of
300m in the calculation area. Based on this, the simulation results

were compared according to the grid spacing in the horizontal and
vertical directions. For convenient handling of the boundary con-
ditions, the entire terrain was rotated 36� clockwise to produce a
grid.

The calculation time interval was 3 s, and the total calculation
time was 30 days. Here, it was calculated from the following
equation considering the stable condition.

Dt<Cn
minðDx;DyÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2ghmax
p (6)

where hmax represents the maximum depth in the calculation area.
Cn means the Courant number and 0.15 was used in this study.

In this simulation, the boundary condition of the offshore
boundary was used for the forced input of the water level. The four
major harmonic constants (M2, S2, O1, and K1) were used to
reproduce the water level. The harmonic constants used in this
study are constants obtained by harmonic decomposition of the
influences of the sun and moon influencing the tide. In this study,
the simulation was performed using the four major harmonic
constants of M2, S2, O1, and K1, which have an absolute effect on the
tide. The Japanese NAO99JB model was used for the harmonic
constants used for the boundary condition (Matsumoto et al.,
2000). On the other hand, a spline interpolation was performed
to obtain the input value at the open sea boundary. According to
Kwon et al. (2007), the NAO99JB model can provide the most ac-
curate harmonic constant in the sea around the Korean pen-
insula(see Table 2).

Fig. 3. Comparisons of tidal amplitudes between different number of layers.

Fig. 4. Comparisons of tidal amplitudes between different grid spacing.

Fig. 2. Observation points for validation of the simulation result.
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Fig. 5. Comparisons of tidal amplitudes between observation and simulation.
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Fig. 5. (continued).
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To compare and verify the simulation results, the tides were
compared at eight points at each of the southern and northern tips
of Tsushima, which were observed by Teague et al. (2001). The
observation points are shown in Fig. 2. Two points, ST-1 and ST-2,
were used for test commissioning, which is the subject of this
study. As a result, the velocity fluctuations of the currents flowing
through the Korea Strait were relatively small, the direction of the
currents was relatively constant.

4. Simulation results

First, to examine the influence of the grid spacing in the vertical
direction, the simulationwas performed by changing the number of
grids in the vertical direction. In addition, the tide change at one
point was compared with the results reported by Teague et al.
(2001), as shown in at Fig. 3. As a result, there was no significant
difference in the tilting results of the simulation according to the
grid spacing in the vertical direction. Therefore, in the following
study, the number of vertical layers was fixed to 20 layers consid-
ering the efficiency of the calculation.

To examine the simulation result change according to the hor-
izontal direction of grid spacing, the simulation was performed by
changing the number of horizontal directions of the grid to 101, 201,
and 301. The results of simulation of the number of grids in the
horizontal direction converged on results of more than 201 hori-
zontal grids. Therefore, the simulation result of 201 horizontal grids
was used in this study.

To compare and verify the simulation results, the tide at the
eight points mentioned above was compared with those of Teague
et al. (2001). The results are shown in Fig. 5. A comparison of the
tides at each point shows that the magnitude and phase are in good
agreement. The simulation results reproduce the seawater flow by
the tide around the Korean Straits(see Fig. 4).

5. Application to speed trial

Fig. 6 shows the velocity vector field of the seawater flow due to
tidal currents around Tsushima Island. In general, the interaction
between the tidal current and Tsushima Island has a complicated
pattern. In particular, at the southern and northern ends of
Tsushima, the magnitude and direction of the flow velocity change
with time. Therefore, it is desirable to avoid an area or time zone
that may be influenced by side currents during speed commis-
sioning. In addition, it is advantageous to avoid side tides by
matching the time of day with the direction of the tidal current.
Therefore, the time for the direction of the tidal current to change
rapidly should be avoided.

Fig. 7 shows the tidal current velocity vectors for ST-1 and
ST-2 within the sea area of the speed trial. Fig. 7 shows the
distribution of the calculated flow rate over a time of approxi-
mately 3 days, and Fig. 8 shows the direction and velocity dis-
tribution of the bird in 30 days. The tidal current velocity in the
speed trial area did not exceed 1m/s. Therefore, the direction of
the tidal current is 65�e70� or 230�e250� for ST-1 and between
50�e60� or 235�e245� for ST-2. In the case of the speed trial
operation in the target sea area, the speed is in the direction of
65�e75� or 230�e250� in the vicinity of ST-1 and in the direc-
tion of 50�e60� or 220�e240� in the vicinity of ST-2 is expected
that the commissioning will most effectively control the impact
of the lateral tides.

As shown in Fig. 9, the magnitude of the tidal current is small in
the case of high and low tide. Therefore, to minimize the effects of
the tidal current velocity when setting the commissioning time, it is
advisable to select a high or low amplitude. On the other hand, in
the case of low tide and high tide, there is a disadvantage in that the

Fig. 6. Hourly velocity vector field changes around Tsushima Island due to tide.
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direction of the tide rapidly changes. Therefore, to minimize the
interference with the direction of the tide, it is appropriate to set
the time zone close to the average tide of the tide as the time of
commissioning.

6. Conclusion

In this study, to understand the general tendency of seawater
flow by tidal current near Tsushima Island, the speed commis-
sioning area, a simulation was carried out using MEC model
developed by Marine Environment Research Committee under the

Japanese Society of Naval Architects.
A comparison with the tide observed by Teague et al. (2001) at

the southern and northern ends of Tsushima for comparison and
verification showed that they coincide relatively well. The simula-
tion results reproduced well the seawater flow by the tide around
the Korean Straits.

The speed test of a ship should be carried out at a constant
speed, and the speed and direction of the current should be con-
stant and stable. On the other hand, as shown in this study,
seawater flow is changing constantly and has many external
factors. Therefore, if the characteristics of seawater flow can be

Fig. 7. Velocity vector diagrams (at ST-1) and the decision for a speed trial considering current velocity; (A) for the time when direction of tidal current is changed and (B) for
running order.

Fig. 8. Scatter plot and rose diagram of tidal current at ST-1(upper) and ST-2(lower).
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understood, the speed trial operation can be carried out in a small
and constant sea area considering the temporal/spatial distribution
of tides.
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