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1 Introduction

This document introduces an example of modelling of a complex system including a free-standing hybrid riser tower
with jumpers and a vessel with bell mouths. as shown in Figure 1-1. The FPSO is modelled as Support Vessel and

connected with gas jumper, water jumper, production jumpers and control cables through bell mouths on the side of
FPSO.

Figure 1-1 PFSO jumper model’s 3D view

To open the example model, create a new SIMA workspace and import the “FPSOJumper.stask” file (File — Import —

SIMA — SIMA Task Archive (.stask)). This will import a Riflex coupled analysis model containing the example.

¥ Import B X | SIMA Task File Import O S

Select y
This wizard allows you to import a task from a compressed archive file (stask). H SIMA Task File Import

Select an import wizard:

|type filter text |
File: ‘ C:\Users\WENZHAN\Desktop\FPSOJumper.stask Y=
» = RIFLEX

v = SIMA Replace existing tasks: [
L[ Javascript model impart
[ Json Model Import
@ Preference Import
% SIMA Tasks Archive (stask)
» = SIMO

<Back | Nea> | | e | ‘ s | ‘ < Back ” Next > | | Finish | | Cancel

Figure 1-2 Importing the .stask file
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2 About the Model

The model consists of several objects: the FPSO (MPM_UG), the risers (production_riser#), the jumpers (prod_,

gas, water, con_) free-standing riser tower (Top_can) and bell mouths (Bell_) for the jumpers. The objects are shown
in Figure 2-1 and Figure 2-2.

Bell mouths /

Jumpers Risers —

Figure 2-1 The main objects in the model

Bell mouths on the side of FPSO
Modelled as Pipe in Pipe element

Jumpers

Figure 2-2 Details of the bell mouth

The FPSO is modelled by using Support Vessel in Sima. The movement of the vessel is based on the first order
motion transfer function (motion RAO). The water depth is 1330 m. Jonswap wave spectrum is used with Hs = 11.5 m

and Tp = 13.0 s. No wind and swell wave being implemented. Depth dependent current with 0.63 m/s surface velocity
is applied as environmental loads.
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Line ends connections are used to model rigid connections between the jumpers and the production risers to the top
can of the tower. On the FPSO side, jumpers are connected through bell mouths. The bell mouths are modelled by
using pipe in pipe element in Sima, as shown in Figure 2-3. You can find more detailed information about modelling
pipe in pipe from here: https://sima.sintef.no/doc/4.6.0/riflex/sima/context/PipelnPipeContact.html. On the free-standing

jumper tower side, jumpers are connected with flexible joints, you can find more detailed information here:
https://sima.sintef.no/doc/4.6.0/riflex/sima/context/FlexJointConnectorType.html.

\. prod_n_in A~
. prod_n_out 100
. prod_s_in
. prod_s_out 0.80
. support
\. Top_can 0.80
. water
[ Line Types —0.70
[ Cross Sections
~ L1 Components .60
v [ Flex Joints
Q flex_c1 I
v [ Seafloor Contacts 0.50
£ contact
v 1 Other =10.40
~ LI Pipe in Pipes "
® PIP_con_1 0.30
® PIP_con 2
© PIP_gas 0.20
® PIP_pr_n1
® PIP_prn2
N 0.10
® PIP_pr st
® PIP_pr_s2
® PIP_wate 0.00
2= Seafloor Contact Specification J
I Support Vessels
v & MPM_UG a‘
v L Kinetics . . =
@ First Order Motion Transfer Function 2 Console|@ Pipe in ... | @ Pipe in ... | ® Pipein ... | Environ... | £ Seafloo.. |\ Lines in... & Locatio... |4 Flex Joi... | - Line Ty... " Line Ty... | - Line Ty... | Line Ty

£ Calculation Parameters
&2 Static Calculation

Dynamic Calculation o Pipe in Pipe 'PIP_gas’ in FPSOJumper

| Conditions Name: ‘ PIP_gas
& Initial
[ Results .
Description:
ess| @ Error Log LA
rations to display at this time. Fluid loading on inner pipe: @ Exposed (O Sheltered Closed

~ Pipe specification

Use Main Riser As Master: [] Use Main Riser As Slave: []
Master Line: Bell_gas & Slave Line: gas &
First Master Segment: lj| First Slave Segment: 1

Last Master Segment: Last Slave Segment:

~ Contact force characteristics

Master pos.  Stiffness Type  Rel. damp.  Damping Fric. stiff. Stat. fric. Dyn. fric. Axial Fric. Rot. Fric. Velocity limit
Outer Linear 0.01 1.0 1.0e+05 0.6 04 05

~ Contact spring stiffness

Linear Stiffness: 1.0e+09

Figure 2-3 Pipe in pipe elements and settings
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a Flex Joint ‘flex_c1’ in FPSOJumper

Name: flex_c1

Jescription:

* Mass and Volume

Volume
0.0

Mass
00
+ Hydrodynamic Coefficients

Drag X
00

Flexible Joints (yellow dots) Lol

Riser tower

Stiffness properties

Y2 stiffness symmetry:
Stiffness rotations:
¥ | Linear vox

YZ: | Linear V| YI

Linear Stiffness Rot X: |

Linear Stiffness Rot Y:

Gyratian Radius X

0.0

DragZ  Added Mass X

00

Stiffness damping coefficients:

0.0
0.0

- Stiffness rotation around local X-axis
17453
~ Stiffness rotation around local YZ-axis

0.17453

Gyratian Radius ¥

0.0

0.0

Added Mass ¥
0.0

Figure 2-4 Flexible joint settings

3 Results

Gyration Radius Z

00

Added Mass Z

0.0

Damping Rot X

Damping Rot Y

0.0 00

Added Mass Rot X
0.0

Added Mass Rot ¥

0.0

Damping Rot Z

0.0

Added Mass Rot Z
0.0

To run the simulation, run the dynamic analysis in the Initial condition. The simulation length has been set to 100 s with
0.005 s time step just for demonstrate purpose, in your own analysis, you may set longer simulation length. Some
results are already set to be stored in the model. For example, production jumper end displacement, free-standing

hybrid riser tower ends displacement, force response of jumpers, bell mouths, risers, free-standing hybrid riser tower

and the 3D visualization of dynamic analysis etc.

The Movement of free-standing riser tower on global Y direction is shown in Figure 3-1. You can also find the axial
force of the free-standing riser tower as shown in Figure 3-2. Apart from these, you can also check the contact force at
the bell mouth, for example, the contact force on gas jumper bell mouth as shown in Figure 3-3.

You can find the results in Figure 3-1 from ‘Dynamic/Top_can/segment_1/node_1 and node_2’.

Plot
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Figure 3-1 Movement of free-standing riser tower on global Y direction
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You can fine the results in Figure 3-2 from ‘Dynamic/support /segment_1/elementl.’

Plot
Axial force
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Figure 3-2 Axial force of free-standing riser tower

You can fine the results in Figure 3-3 from ‘Dynamic/Bell_gas/segment_1".
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Figure 3-3 Gas jumper bell mouth contact forces in local coordinate system
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About DNV

We are the independent expert in risk management and quality assurance. Driven by our purpose, to safeguard life,
property and the environment, we empower our customers and their stakeholders with facts and reliable insights so that
critical decisions can be made with confidence. As a trusted voice for many of the world’s most successful
organizations, we use our knowledge to advance safety and performance, set industry benchmarks, and inspire and
invent solutions to tackle global transformations.

Digital Solutions

DNV is a world-leading provider of digital solutions and software applications with focus on the energy, maritime and
healthcare markets. Our solutions are used worldwide to manage risk and performance for wind turbines, electric grids,
pipelines, processing plants, offshore structures, ships, and more. Supported by our domain knowledge and Veracity
assurance platform, we enable companies to digitize and manage business critical activities in a sustainable,
cost-efficient, safe and secure way.
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