Modelica Component Models for Non-
diffracting Floating Objects and Quasi-static
Catenary Moorings

American Modelica Conference/Sep 22 - 24/2020

Authors: Savin Viswanathan, Christian Holden
Presenter: Savin Viswanathan




Agenda

Introduction

— Motivation
— History
—  Current work

 Theory

— Wave-Body interaction problem
— Simplifications for a non-diffracting object
— Catenary mooring (Quasi-static approach)

* Implementation
 Results
« Conclusions

2 ® NTNI



&% OMEdit - OpenModelica Connectic

]
I ntrOd u ctl o n File Edit View Simulation FMI E
3 D B2
FeHE
Libraries Browser g X
[Filter Classes | &

b MOtivation Libraries

— Multiphysical simulation of systems with strong influence from [B] OpenModelica
. © ModelicaReference
hydrOdynamICS' [:] ModelicaServices

Complex

— Black box nature of commercial software. v 3 Modulica

_ . . © UsersGuide .
High cost of commercial software. o >

— As alearning tool for students. ComplexBlocks ® C/
B StateGraph
& Electrical
& Magnetic B
g Mechanics .
Fluid M
[ Media ® Cy
() Thermal

NJ) Math

@ ComplexMath
Utilities

E] Constants

E] lcons

Slunits <

Zes R

c © c©c © © c© c c

® NTNI




Introduction

« History
— OMAE2019 : Towards the development of an Ocean
Engineering library for OpenModelica.
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Introduction

» History

— American Modelica Conference 2020a: Modelica component models for oceanic surface waves and

depth varying current .

WAVES
Free-floating Ship:
Wave forces at various
horizontal and vertical
1 positions along the body
‘ to be determined

Moored Buoy:
Wave forces on the buoy
as well as on the mooring
10 be determined

>=>»0

wcow

Fixed Monopile: L

Wave forces at various.

depths along the pile
/ 10 be determined. FIXED COMPONENTS
%name
HT
o, 20
Yoname Simulation time [s]
(@) Sea surfuace elevation at.x =0 for £ = [0,30] s.
Tisos | T s
e £
%name Z =
:
Hs 015 20 25
x co-ordinate [m]
e

(b) Wave profile at different simulation time sieps for x = 0.30] m.

Figure . Sea surface elevation and the progressive wave profile.

7] t CURRENT —

~ foRCEs
BUOY ~DATA s

s
oS

‘mean ffee surface

‘n(x, ] H

n Vd(x, z, =0

x co-ondinate [m]

— ) Wase profile and x co-ordinates where the velocites are measured

-6 =
5 -
—10
T2 0 2 4
 co-ordinate [m]

ke trjectores ofwaves withdiffrent e perods. [AERETI T

T 65T, -2s w o @ow

T 3w

Figure 0. Wave profiles and water prticte rajecorics. Figure 10. Wave profle (2), water particle velocities (b)-(.

108
Pressure [Pa]
20m @

@r=om
Tol Hydrostatic

Figure 11, Pressures bencath the wave crest, down-crossing.
and trough.

z,

U

(O T B T T}

il

E o0
N
£ oS
'y 0 £ E
Simutiontime ]
©55Bat 0 m ot 0,015

Flgure 12 Iegular vaves.

40 |

0 r T
-20 / .

i
0.5 1 15 2

Current velocity [m/s]

Figure 13. Current profile




Introduction

* The current work
— The wave-body interaction problem

— Hydrodynamic response of a non-diffracting floating object
* Froude-Kryloff force
* Morison equation

— Quasi-static catenary mooring analysis
— Component model for non-diffracting floating object
— Component model for quasi-static catenary
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Theory

« The wave-body interaction problem FREEROOVIN T [ DIFRACTION FROBLEN ]
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Ref: O.M Flatinsen, Sea Loads on Ships and Offshore
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Theory

« Simplifications for a non-diffracting object
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Theory

* Quasi-static catenary « Morison loads on the catenary
W
TH: ninf2u7n£2”
cosh™! (1—}—}”—;) Mp =Cygp 3 D7, — Cip 7 D]
0l N n__.n o n__on
ls=nh (1_}_2TH) +CD§pD“wiU —V (lwiU v‘,).
s = ) . i
wh M;,. :CffV!PZDz ’w*CﬁPED%!?
v l £ [ I 1
X=le—l+x +ChpD VU =i | (U V).
Ty
a=-—
w
X mH sinh[k(z+d)] .
B a V= sin(kx — o1
z=uacosh (a) W= sinh (kd) sin( )
x .
—asinh 27%H sinhk(z+d
[ asmh(a) L _2°Hsin [k(z+d)] cos(kx — o)

> -
z=asec(y)=a+h T sinh(kd)

?=02+d

? ® NTNI



Implementation

» Non-diffracting floating object
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Results

| Modelica; Orcaflex
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Results

* Moored buoy in waves and current (only current
loads on mooring chain)
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Results

* Moored buoy in waves and current (both current
and wave loads on the mooring chain)
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Conclusion

Component models were developed to capture the hydrodynamic
response of a cylindrical, non-diffracting floating object and for
mooring forces based on the quasi-static catenary approach.
Morison and Froude-Kryloff forces calculated by the Modelica model
were seen to be in agreement with results calculated by Orcaflex.
Mooring forces calculated by the Modelica model were seen to be in
satisfactory agreement with those calculated by Orcaflex.

The hydrodynamic response of a moored buoy in waves and current,
obtained from Modelica, was seen to be in satisfactory agreement
with results for a similar system in Orcaflex.

Differences in the response can be attributed to the inability of the
Modelica component model to capture the dynamic effects of the
mooring line.

The component-models thus developed were incorporated into the
preliminary Ocean Engineering library for OpenModelica.
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