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Abstract

Wave drift force is the key factor affecting the mooring ability of semi-sub-
mersible platform. Aiming at the mooring system composed of replenish-
ment ship and semi-submersible platform, the influence of hydrodynamic
interference on semi-submersible platform is analyzed. Based on the
three-dimensional potential flow theory and AQWA software, the effects of
different wave directions and spacing on the wave drift force of semi-sub-
mersible platform are considered. The results show that the hydrodynamic
interference of the replenishment ship will affect the wave drift force of the
semi-submersible platform, and the influence of the distance between adja-
cent vessels and the wave direction angle is more sensitive in the middle and
high wave frequencies. This paper can provide support for the research of
hydrodynamic interference of semi-submersible platform.
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1. Introduction

Semi-submersible platforms are widely used in petroleum development because
of their good resistance to wave motion. Generally, semi-submersible platforms
are affected by environmental loads such as wind, waves, and currents. There-
fore, mooring systems are used to ensure the normal and safe operation of the
platform. The motion response of semi-submersible offshore platforms is gener-
ally divided into wave-frequency motion and low-frequency motion. Due to
nonlinear loads, low-frequency wind loads and flow loads tend to cause
long-period, large-scale resonance of the platform, which will generate a large
stress response to the mooring system [1]. When the supply ship and the
semi-submersible platform are in the same flow field, the average drift force of
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the semi-submersible platform is more complicated.

For the hydrodynamic disturbance between different floating structures in the
same flow field, Ohkusu [2] used the two-dimensional slicing method to study
the swaying problem of the hull around another structure. The research results
show that the small floating body is in the big floating body and the wave. The
hydrodynamic response in the case of back waves is different, and there is a rela-
tively obvious wave shielding effect. Studying multi-floating hydrodynamic dis-
turbances, analysis of second-order wave forces is essential. When the two float-
ing structures are close to each other, the coupling between them affects the hy-
drodynamic performance of each other. The most common methods for calcu-
lating wave drift force are the near-field method and the far-field method. The
near-field method is proposed by Ogilvie [3]. By integrating the pressure on the
wet surface, the average drift force of the waves in the six degrees of freedom of
the floating body can be calculated by this method. Islam [4] used the far-field
method to analyze the wave drift force of the berthed FPSO and LNG, and then
compared with the test results, which is more reliable. Hong, Kim et al [5] si-
mulated the regular wave and the hydrodynamic disturbance of multi-ship
berthing under the action of irregular waves. Through numerical simulation and
experimental analysis, the drift force and motion response of the three ships
were studied. Joao and Fonseca [6] used the three-dimensional potential flow
theory to study the average drift of the two ships.

For the semi-submersible offshore platform, Wang Ke et al [7] [8] considered
that the average wave drift force is the main factor in the design of the mooring
system. When calculating the average wave drift force, it is necessary to consider
the influence of the semi-submersible platform diffraction and radiation motion.
Hydrodynamic disturbance will cause the semi-submersible platform to respond
to changes in environmental parameters. Zhou ef al [9] used LNGC to rely on
FLNG, using the combination of experiment and numerical simulation to reveal
the influence of different wave directions on the average wave drift force. Under
the influence of external environment, the hydrodynamics of the multi-floating
structure is more complicated than that of the single floating body. The spacing
between the two has the most significant influence on the hydrodynamic per-
formance of the platform. Liu Yuandan et al [10] conducted hydrodynamic
analysis on the tanker to consider the effect of the spacing between the two ves-
sels on hydrodynamics.

Using the potential flow theory to calculate the hydrodynamic performance of
semi-submersible platforms has done a lot of work at home and abroad, but
based on the three-dimensional potential flow theory, it is rare to analyze the
multi-body wave drift force of the system composed of the supply ship and the
semi-submersible platform. This paper mainly considers the influence of differ-
ent external environmental conditions on the average wave drift force of the
semi-submersible platform and the effect of the floating body spacing on the av-
erage wave drift force of the semi-submersible platform in the presence of ex-

ternal hydrodynamic interference, and then draws some in conclusion.
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2. Potential Flow Theory

The force of the fluid on the platform is divided into three parts: wave force,
radiation force, and hydrostatic recovery force. The wave force is caused by the

incident potential and the diffraction potential, and the calculation formula is as

follows:
FL—FY 4 FD )
In
W =ipo|[d,nds )
So
Ry = ipa)ﬂ%nids (3)
So

F. is the first-order wave force. The second-order wave load F; is one of
the important factors for the low-frequency motion of the mooring floating
body. F,' is the incident potential and F, is the diffraction potentiall, the
reason is caused by the interaction of two different regular wave components in
the irregular wave. The quadratic transfer function (QTF) can be used. To ex-
press and estimate. The methods for finding QTF mainly include Newman ap-
proximation and full QTF matrix method. In the case of nonlinear strong shal-
low water conditions, the QTF effect on the off-diagonal line generated by the
second-order potential is significant, so in the case of shallow water, the full QTF
solution method is used to calculate the wave second-order force.

For N wave units, the general calculation formula for low frequency wave

loads is:
= ():iz’j“{ ), cOo [ ( a)j)t+(gi—gjﬂ}
+ZT:ZT:{QuSi”[_("’i - o)t (e -4, )J}

where F™(t) is Second-order wave force; Pj,
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Q; represent the second-order
difference frequency force in-phase and out-of-phase QTF, respectively; w,
o; represent the frequencies of a pair of wave pairs; &, & represent the
random phases corresponding to the pair of waves.
The expression for B in the full QTF calculation is:
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2
A =jjsopa% Nds (10)

where WL is the waterline position, which is the draught height; S; is the wet
surface of the floating body; X is the movement of the floating body; Mg is the

floating body mass; R is the floating body rotation matrix; X is the floating

L]
body weight acceleration; A is the water line integral term; A, is the Ber-
noulli equation term; A, is the acceleration term; A, is the energy term; A

is the second-order velocity potential.

3. Calculation Model

The semi-submersible platform used in this paper is the most common structur-
al form, consisting of an upper deck, four uprights, and two floating bodies. The
multi-module system is made up of two semi-submersible platforms connected
by connectors. In order to study the influence of the column floating body on
the wave drift force of the multi-module system, it is chosen to add four attached
structures beside the column. The cross-sectional shape of the attached structure
adopts a semicircle, a triangle, and a trapezoid. The platform module is 30 me-
ters long and 20 meters wide. The hydrodynamic model of a semi-submersible
platform connected by two modules is shown in Figure 1.

The basic geometric parameters of the semi-submersible platform model are
listed in Table 1. The resupply ship uses the common MVP ship as the research
object.

"\I/‘

Figure 1. Semi-submersible platform calculation model.

Table 1. Semi-submersible platform parameters.

Buoy length 35.0m
Buoy diameter 23m
Total length 35.0m
Type width 29.0m

Main deck length 25.0 x 25.0 m

Column spacing 25.0 x 25.0 m
Column diameter 32m
Column height 11.0 m
Design draught 4.0m
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4. Results and Discussion

4.1. Influence of Hydrodynamic Interaction on the Steady Drift
Force of the Platform

As you can see from Figure 2.

1) The existence of the replenishment ship has a great influence on the aver-
age drift force of the semi-submersible platform. According to the wave action in
the direction of 45 degrees, the general trend of the average wave drift force of
the three degrees of freedom of the semi-submersible platform is the same. Be-
cause of the hydrodynamic interaction between the transport vessel and the
semi-submersible platform, the average wave drift force of the curve with the in-
terference of the transport vessel increases.

2) As for the average wave drift force curve of semi-submersible platform ro-
tating in the coordinate plane, it can be seen from the graph that the curve of the
disturbance caused by the hydrodynamic action of the transport vessel varies

greatly. The rolling is affected by the transport vessel in the whole calculation
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Figure 2. Comparison of wave mean drift force curves between single module and two
modules. (a) sway average wave drift force; (b) sway average wave drift force; (c) heave
average wave drift force; (d) roll average wave drift force; (e) pitch average wave drift
force; (f) Average wave drift force of yaw.
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frequency. The average wave drift force increases about three times, and the
pitch curve changes from the original positive curve to the negative curve. The
change of yaw is not as obvious as the first two, but the value of yaw increases

sharply in the high frequency part.

4.2. The Influence of the Distance between Two Floating Bodies
on the Drift Force

Ship berthing distance is one of the important factors affecting the average drift
force between two floating objects. The average wave drift forces of six degrees
of freedom for semi-submersible platforms with different spacing are considered
as shown in Figure 3. The two-module model analyses the 45-degree direction
of X-axis symmetrical incidence angle. For the average drift force of surge and
pitch waves, the change of distance has little effect on the average drift force of
semi-submersible platform, and there is no regular change at individual peaks.
The main reason is that the arrangement of the replenishment ship along the

X-axis has little influence on the average drift force of pitch and pitch. Swaying
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Figure 3. Average drift force of semi-submersible platform with different spacing. (a)
sway average wave drift force; (b) sway average wave drift force; (c) heave average wave
drift force; (d) roll average wave drift force; (e) pitch average wave drift force; (f) average
wave drift force of yaw.
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and rolling are sensitive to the change of spacing. The graph also shows that the
average drift force of swaying and rolling waves decreases with the increase of
spacing. The average drift force of some semi-submersible platforms with wave
frequency greater than 0.2 Hz also shows that the larger the distance, the smaller
the value.

Because the greater the spacing between the two floats, the hydrodynamic in-
terference is weaker. Therefore, as the pitch increases, the average drift force of
the semi-submersible platform is less and less affected, and the value on the
curve is lower and lower. The average drift force of the yaw wave fluctuates in
the part of the wave frequency greater than 0.3 Hz. The overall trend shows that
the change of the distance between the two floating objects will affect the drift
force of the semi-submersible platform to some extent. This effect may increase
the burden on the platform mooring system.

5. Conclusion

The hydrodynamic interference of the replenishment ship to the semi-submersible
platform in the same flow field is more obvious in the middle and high frequency
part, and the shielding effect of the replenishment ship to the semi-submersible
platform is not obvious under the action of inclined waves, but the existence of
the replenishment ship still interferes with the average drift force of the
semi-submersible platform. From the effect of different spacing on the average
drift force, the effect of spacing on the wave drift force of semi-submersible
platform is non-linear, but the larger the spacing, the smaller the effect of the
replenishment ship on the semi-submersible platform. The effect of wave inci-
dence angle on the average drift force of semi-submersible platform is mainly re-
flected in the middle and high frequencies. Within this frequency range, the
semi-submersible platform will produce larger mooring force, which is not
conducive to positioning. In the low frequency part, the wave drift force of
semi-submersible platform is small and insensitive to the change of wave direc-

tion and angle.
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