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Abstract：0ffshore observation platforills are required to have great 

ability to resist waves when they are operating at sea．Investigation 

on the motion characteristics of the platforms in the sea can provide 

significant reference values during the platform design procedure． 

In mis paper,a series of numerical simulation on the interaction of a 

triple．hulled offshore observation platfom  wim different incident 

waves is carried out．AU of the simulations are implemented 

utilizing our own solver nape—FOAM—SJTU．which is based and 

developed on the open source tools of OpenFOAM．Duration 

curves of motion characteristies and lpads acting on the platform 

are obtained，and a comparison between the results of the amplitude 

in different incident waves is presented．The results show that the 

solver is competent in the simulation of motion response of 

platform s in waves． 
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1 Introduction 

The safety and effectiveness of a working offshore 

observation platfo1"hi are closely related to its motion 

characteristics in waves．To a platforE spending most Of its 

time operating at sea，excessive motion amplitude not only 

will influence tIle safety of me structure．but also leads it to 

fail to provide embarked instruments and equipment with 

appropriate working conditions．If the motion characteristics 

are predicted accurately for adequate time；then improvements 

and adiustments can be made during the design procedure． 

Consequently,investigation on the motion characteristics of 

offshore observation platforms is of great significance． 

Along with the development of computer hardware and 

computing technology,numerical simulation，other than 

performing model tests in a physical wave tank，has 
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gradually become a common alternative to study the motion 

characteristies of naval and ocean structures in waves． 

Conventional simulation often applies methods based on 

the potential flow theory．Due to the relatively fast speed and 

effective estimation，these methods have been widely used in 

motion prediction．They include strip theory (He et a1．， 

1 998)，3-D frequency domain methods(Chen，20 1 1)，time 

domain methods(Chen and Zhu，20 1 01 and so forth．But 

these methods have limits．too．For example．viscosity is 

overlooked and nonlinear factors usually cannot be taken 

into account．0n the contrary,CFD methods always consider 

the effects of both viscosity and nonlinearity：hence the 

results should be accurate．In recent years，CFD methods 

have been increasingly applied to deal with the motion 

problems of offshore structures．Wu a1．(2008)simulated 

wave．induced ship motions in regular head waves．and tlle 

results achieved good agreement with those of model tests． 

Shen et a1．(20 l1、performed a series of numerical ship 

model simulations based on open source code and 

established a benchmark．Yang et a1．(20l11 implemented the 

simulation Of DTMB 55 1 2 ship model’s coupled pitch& 

heave motions in two regular waves of different wave height， 

and calculated the response amplitude operators． 

In this paper,a series of numerical simulation on the 

interaction of a triple．hulled offshore observation platforill 

with different incident waves is conducted．Duration curves 

of the platfo珊 ’S coupled motion of pitch & heave．roll 

motion，forces and moments acting on it are obtained．And a 

comparison between the results of the amplitude in incident 

waves ofdifferentwaveheight and1engthis drawn． 

As for numerical methods，the finite volume method fFVM) 

is applied to discretize the goveming equations；free surface is 

captured by volum e of fluid (voF1 method．and the 

pressure-implicit-split-operator(PISO)algorithm is utilized 

for pressure．velocity decoupling．To compute the motion of 

the platform，the six degree of freedom (6DOF)kinematic 

equations are solved． The dynamic mesh deform ation 

techn ique is also employed to simulate the movement of me 

platfo加 ．Al1 of the computation is executed using our own 

solver nape—F0AM．SJTU．which is based on the open source 

tools of OpenFOAM and developed by our team ．Several 

modules(Shen et a1．．2012)have been integrated into the 
nape．-F0AM．．SJTU solver to accomplish complex 
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computations．The wave generation module is used for 

generating wave satisfying required standards；the 6D0F 

motion module serves for calculating motions and forces of 

structures，and the dynamic mesh deformation module can 

deform  mesh cells to simulate movement of structures．This 

solver has already been applied and validated in previous 

contributions． such as numerical wave generation and 

absorption(Cha and Wan，201 1)，simulation of 3-D flow past 

single and two tandem circular cylinders(Cap and wan．2010)． 

simulation of solitary wave impact on fixed offshore platform  

(Cap et a1．．20l11 and so on．Good accuracy of results is 

shown in all the research．Therefore，reliabilitV of the solver 

can be guaranteed and it can be used for simulation with 

confidence． 

2 Numerieal methods 

2．1 Governing equations 

For unsteady,incompressible and viscous fluid flows，the 

governing equations are as follows： 

V．U=0 (1) 

a(p v)+V
．( ( —ug) )=一 一g． + (2) 

v·(avu、 l l 

where U and U stand for velocity field and mesh 

moving velocity respectively；Pd=P—Pg·x represents 

dynamic pressure；P ，g and ／．t denote density of fluid， 

gravity acceleration vector and dynamic viscosity separately； 

f，is the free surface tension term which will be specified 

in section 2．2；and is the source term for wave damping 

in a wave damping zone of numerical wave tank． 

2．2 VoF method 

In this work，VOF method(Rusche，2002)is applied to 
capture the free surface．This method has the advantage of 

being able to control numerical diffusion and can also 

provide high accuracy．The transport equation for is 

defined as fo1lows： 

+v．[( 一 ) ]+v．[ ( 一 ) ]=。 (3) 

where the first tw o tern3s rerIresent the volume fraction term 

in continuous equation，and the last term  stands for the 

compressible term when free surface is considered． 

denotes the volume fraction which is the volume 

percentage of liquid in one cel1．T0 aU of the cells．the value 

of varies between 0 and 1： 

a1r 

water 

interface 

(41 

With the introduction of ，P and can be defined 

a  ． 

P=aPl+(1一 )Pg (5) 

= +(1一 ) (6) 

where the subscripts of g and ，represent gas and liquid 

separately． 

Thefree surfaceterm inEq．(2)canbewritten as： 

=OTfVa (7) 

where o- is the free surface tension whose value is 

o-=0．07 kg／s ．and the curvature of free surface is denoted 

by ～ V (Va／1 Vet})． 

2．3 Discretization 

In this work，both goveming equations and VOF transport 

equation are discretized by the FVM．The computation 

domain is divided into separate cells．The flow field data are 

stored in the center of the cell；interpolation calculation is 

then operated to get the data in the faces of the cell，and area 

integral is perform ed to obtain the data in the whole domain． 

The discretization schemes applied in Eq． f21 are 

second．order upwind scheme for the convection term  and 

second—order central scheme for the diffusion term ：V_an Leer 

scheme is used in Eq．f31 and the time derivative term s in 

both equations are discretized by Euler scheme． 

2．4 Velocity·pressure decoupling 

The PISO algorithm (Issa． 1 986) is utilized for 

velocity-pressure decoupling (VPD)．The algorithm is 
originally used for unsteady and compressible flow,but later 

imported to solve steady and incompressible fluid problems． 

The whole process is divided into three steps：predict— 

correct— re．correct． 

2．5 6DoF motion 

A 6DOF motion solver(Shen and Wan．2011．2012)is 

employed to compute the motion of the platform ．During the 

process，two CO0rdinate systems(Carrica et a1．，2007)are 

used：the earth fixed coordinate system and the platform  

fixed coordinate system．The origin of the earth fixed 

coordinate system is located in the bow end of the waterline 

when the platform is under upright floating condition．The 

positive direction of the X-axis points to the stern：positive 

Z-axis is vertically upward，and the direction of y-axis 

complies with the right—hand rule．The tw o coordinate 

systems coincide with each other under upright floating 

condition．Details about this process can be found in the 

listed references(Wilson et a1．，2006；Carrica et a1．，201 1) 

2．6 Dynamic mesh deformation technique 

The dynamic mesh deform ation technique is designed to 

simulate the movement of the platform ．During computation， 

the topological relationship among cells remains unchanged， 

while cells will translate．stretch and de：form ．Positions of all 

cells in the flow field are obtained by solving the following 

Laplace equation： 

V·( U )=0 (8) 

where y isthefunction ofr．whichisthe distancefromthe 
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wave tank and propagates in positive X-axis direction．M ore 

cells are distTibuted both near the flee surface and around the 

platforIil to improve the accuracy and reliability of the 

results．Overall number of the grids amounts to a bit more 

than 300 000． 

For the cases of roll motion，since the platform is 

asymmetric in longitudina1 direction．mesh has to be 

generated for the whole platform．As a result，overall 

number of the grids is almost doubled than that of cases of 

pitch & heave．As wave propagates in positive Y-axis 

direction，it is generated from a different side of the wave 

tank ．Mesh distribution is presented in Fig．3． 

Fig．3 Computation mesh distribution for roll motion 

5 Simulation results 

5．1 W ave generation test 

Before the simulation of the interaction of platfclrlTl with 

incident wave is performed，wave generation tests should be 

implemented to verify whether the incident wave meets the 

requirements．Test result under condition 4．i⋯e wave length 

of35 m and height of2 m．is presented in Fig．4． 

曼 

皇 

．宝 

Time／s 

Fig．4 W ave generation test result under condition 4 

Fig．4 shows that wave crest is about 1 m high and 

remains nearly undiminished，while wave~ough is a little 

less than 1 m．In consideration of nonlinearity of wave，a 

conclusion can be made that requirements are basically 

satisfied． 

5．2 Convergence test 

To stress the convergence issue，three cases with the same 

configuration but different grid numbers are simulated as an 

example．The time step is set to 0．002 s in all three cases．The 

cases are different in mesh arrangement．Take cell number in 

0．2 m near free surface for example，the value is set to 6，7 

an d 8 separately,resulting in the total grid number of about 

1 90 000，3 1 8 000 and 433 000 respectively．Results of pitch 

motion under working condition 4 are shown in Fig．5． 
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Fig．5 Convergence test result under condition 4 

In Fig．5 curves representing 3 1 8 k and 433 k almost 

coincide，showing good convergence of results when grid 

number reaches above 300 000．Results of other variables 

under different conditions also have similar trend，but are 

not presented here concerning the limited space．It can be 

concluded that results are independent of mesh if it's set to 

about 3 1 8 000． It’s worth mentioning that CPU time 

consumed in the case of318 000 is about 42 000 seconds 0r 

nearly l 2 hours when the application runs on 1 6 cores in 

paralle1．which is acceptable．All other simulations will be 

conducted based on this mesh． 

5．3 Coupled motion of pitch& heave 

W0rking conditions can be classified into two categories 

according to the parameters of incident wave：with same 

wave length but different wave height．and with same wave 

height but different wave length．Comparisons will be made 

f0r both categories on pitch& heave motion．force in Z-axis 

direction and moment on y-axis． 

5 3 1 Conditionswithdifferentwave height 

Results of condition 1 and condition 2．un der which wave 

length is 14 m while wave height is 0．5 m and l m separately, 

are presented in Fig．6． 

Since it will take some time for wave to propagate along 

the tank．the platforlTl doesn’t move fiercely until wave has 

got there．All the figures in this article are processed to begin 

from where the motion of me platform  becomes relatively 

stable．and data before that time is not presented here．which 

will not make a big difference to the analysis of the results． 

When similar representation comes up in the rest of this 

article，explanation will not be made explicitly． 
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(a)Duration curve ofpitch motion 
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Fig．6 Coupled motion of pitch& heave and loads duration 

curves under conditions with different wave heights 

In Fig．6．solid line stands for condition 1 with wave 

height Of 0．5 m．while dashed line for condition 2 with wave 

height of 1 m．It can be seen from the figures that amplitudes 

of pitch and heave are about 3．5。and 0．08 m respectively 

under condition 1．When wave height increases to 1 m． 

amplitudes become larger and reach 7．9。 and 0．3 m 

separately,indicating that amplitude of pitch doubles while 

that of heave increases much more．A conclusion can be 

made that heave motion，compared to pitch，is more sensible 

tO the change of wave height．Force and moment vary in 

similar manners． 

In addition，there exists nuance of phase between curves 

of pitch and heave motion．In other words，when platform 

reaches the peak Of heave motion，it hasn’t pitched to the 

maximum angle．MoreoveL difference of phase also can be 

seen between motions and loads． 

．3．2 Conditionswithdifferentwavelength 
Condition 2 and condition 3 have same wave height of 

15 m but different wave length of 14 m and 35 m 

respectively．Results of only the latter are presented in Fig． 

7 to avoid redundancy． 
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Fig．7 Coupled motion of pitch & heave and loads under 

condition 3 

Table 3 Comparison of results under condition 2 and 

condition 3 

It can be seen that there are SO．called secondary wave 

crests in both curves of the force in Z-axis direction and 

moment on Y-axis，and those of force are more evident． 

Table 3 iS listed to represent the comparison of results 

under conditions wim different wave length．showing that 

amplitude of heave increases while al1 the rest decrease．The 

values of the parameters are attained by averaging peaks of 

those curves． 

5．4 Roll motion 

As before， discussions are made according to two 

categories． It’S worth mentioning that parameters 

investigated now are roll motion and moment on X-axis． 

Z ￡c 
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5．4．1 Conditionswithdifferentwaveheight 
Results are shown below in Fig．8．When wave height 

increases from 0．5 m to 1 m．amplitude of roll motion also 

becomes larger from 5。to 9．5。． 
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(b)Duration curve of moment on X-axis 

Fig．8 Roll motion and loads duration curves under 

conditions with different wave height 

5．4．2 Conditions with different wave ngth 
Results of condition 3 are presented in Fig．9．勋 ye crests 

of the duration curve of roll motion become rather flat，and 

secondary wave crests of the duration curve of moment are 

quite evident． 

Tlable 4 is listed below to show the comparison of results 

under conditions with different wave length．saying that both 

of the amplitudes decrease and that amplitude of roll motion 

drops by nearly 50％，which illustrates that wave length has 

great influence on rol1 motion．In other words．if the wave 

length of incident wave iS similar to the platform’S 

characteristic 1ength．platform will roll violently． 

Table 4 Comparison of results under condition 2 and 

condition 3 
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Fig．9 Roll motion and moment under condition 3 

5．5 Results of condition 4 

5．5．1 Coupled motion ofpitch＆heave 
Results are shown in Fig．10．Since duration curve of 

pitch motion has been shown in Fig．5 in section 5．2．it's not 

presented here to avoid redundancy． 

It can be seen from Fig．5 in section 5．2 and Fig．10 that 

platform moves SO drastically,that amplitudes of pitch and 

heave motion can reach uD t0 1 0。and 1 m separately． 

Moreover,force and moment also increase dramatically．A 

set of pictures shown in Fig．11 visually represents pitch and 

heave motion in one wave period． 
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Fig．10 Coupled motion of pitch & heave and loads under 

condition 4 
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Table 5 Results of coupled motion of pitch& heave 

6 Conclusions 

Table 6 Results of roll motion 

In this PaDeL the naoe．FOAM ．SJTU solver,which is 

developed on the tools of OpenFOAM，is applied for 

numerical simulation 腑  e generation tests are first 

performed and wave profiles satisfying the given conditions 

are then generated，to demonstrate the feasibility of the 

method． 

Convergence tests are implemented to guarantee 

independence of results on the mesh．A series of numerical 

simulations is then conducted，focusing on the interaction of 

a triple．hulled offshore observation platforlTl with incident 

waves of different wave heights and wave lengths．Motion 

characteristics．such as coupled pitch& heave motion and 

roll motion．are investigated and analyzed． 

Conclusions are drawn，illustrating the heave motion is 

sensible to the change of wave height and that a platforill 

will roll violently,if wave length of incident wave is similar 

tO its characteristic length．Forces and moments acting on 

the platform  are also obtained．A11 of these test results can 

contribute to the platform  design procedure．Nonlinear 

phenomena of water splash and slamming are captured as 

wel1．showing the advantage of CFD in dealing with these 

nonlinear problems． 

Further research can be conducted to simulate the 

motion of platform s under harsher environmental 

conditions，such as oblique waves and extreme waves． 

Comparisons can be made between platforms of different 

shapes and parameters to provide additional feedback to 

designers and to help improve the ability to resist winds， 

waves and currents at sea． 
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