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Finite Depth Analysis - MDL HydroD

Time Domain Simulation Tool - SIMDYN
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Capabilities
¢ Capable of finite depth
analysis with forward *

Green Function

= A new in-house finite depth

Green function has been e =
developed and implemented speed effects /\ /ﬁ\
|
* Added resistance at finite e / \
f\/\f NN water depth fo3
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Effect of water depth on vessel motion

* Six degrees of freedom model

* Nonlinear equations of motion

* Euler angles formulation to include large
amplitudes of rotation

Nonlinear Froude-Krylov forces and moments
* Wheeler stretching

Nonlinear hydrostatics

Linear scattering and radiation forces and

moments
L | f ion fori

radiation forces and

Nonlinear viscous roll damping
« Standard Ikeda/Himeno approach for empirical roll
damping prediction

Runge Kutta 4t order integration scheme

.

lation for

* Motion increase with speed

* Motion increase with water depth
Fn=0.26

Tanker
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Time Domain Simulation - SIMDYN

Large Amplitudes of Rotation

+ Finite Rotations are NOT
commutative

¢ Order of Euler Angle
Rotations:
Roll - Pitch - Yaw

Nonlinear Froude Krylov Forces — *souneunvenetmen e .

and Moments
¢ Wheeler Stretching
* Integrate wheeler pressure

over the area under the 7
incident waterline /

Marine Dynamics Lab

Nonlinear Hydrostatics

* Integrate hydrostatic
pressure over the
instantaneous
displaced hull under
the incident waterline

Nonlinear Viscous Roll
Damping
¢ lkeda’s Empirical
Formulation
+  Skin Friction
Damping

Lift Damping S,
Bilge Keel Damping B

Wetoere:

Eddy Damping T, s




Validation with Experiments
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Comparison of Mesn Roll Amplitude

~ SAFEDOR Project

Parametric Roll of Container
Ship in Irregular Seas
* Bretschneider Spectrum

Statistical Analysis . eeeetttion et morh
* Roll Non-Ergodicity
¢ Auto-covariance

* Hs=10m * Probability Density

° Tz=13s Function Al
* 30 simulations * Normalized (MR,
* Comparison with Normal Histograms :

\
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Spar Platform — Instability
* Haslum Classic Spar
* Comparison with Experiments
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SIMDYN - Second Order Analysis

SIMDYN Options

* Consistent second order o
formulation
* Linear wave forces
* Linear equations of motion
* QTF calculation - Newman
approximation o
Validations with commercial
software OrcaFlex

—snwrs —sninx
[ty i

* Approximate nonlinear
formulation
* Nonlinear wave forces
* Nonlinear equations of
motion
¢ Use of Wheeler stretched
wave kinematics

Marine Dynamics Ll

SIMDYN - Second Order Roll Motion

* Second Order Roll Motion
¢ KVLCC2 hull form

Roll Mota Tame Sencs
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* Comparisons with
OrcaFlex in Irregular Sea
State

* Drift Moment

Koll D Momscni n Nt
Rollm degrees

* Impulse Response W e |
Function s s o M - e o
* Infinite Frequency Added
Mass

* Tail Extension
* Roll Motion Response

Marine Dynamics Labor



Automated Hull Form Optimization
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Multibody Analysis: Irregular Frequency & Gap

1. AUTOMATED HULL GENERATION h r 2. HYDRODYNAMIC ANALYSIS ) 3. EVOLUTIONARY OPTIMIZATION
G M

Multibody Analysis: Irregular Frequency & Gap

* Multiple Floaters in Waves:

* Irregular Frequency Removal
* Drift Force and Improvement
* Multibody with Current

* Extension to MDL HydroDyn for multibody
analysis

* The gap between two vessel causes non
physical wave elevation due to resonance
effect

* Free surface damping has been added to
realize physically observed wave elevation

Irregular Frequency Removal

Modified Green Function
Method
Extended Boundary Condition

Irregular Frequency Removal

¢ Perturbation Methods

I.':"',Mm . j[o(e)]
FO M ~ flo(*). 0(g)- 0(e)]

¢ Concept of the Formula

* Evaluate the Singularity

Gaussian quadrature method

Proposed 4 methods

Singular Integral




Irregular Frequency Removal

* Wigley Hull

BSS

Drift force & Improvement
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Drift force & Improvement

* Mean Drift Force

e = Water Line

Length
* Two approaches in Multi DYN
— Approach | --- Same with Industry Standard.
— Approach Il --- Imp d method, th ically more

* Case Set-Up of Mini-boxbarge
— Multi DYN Waterline Panel Size = 1x1 (Length x Width)
~ Industry Std.  Waterline Panel Size = 1x1, 1x0.4, 1x0.3, 1x0.2, 1x0.1
(Length x Width)

Drift force & Improvement

True Background Story:

¢ In developing the module of mean drift force, we used a theoretically more reasonable
method.

However, the results were not with Industry Standard Program.

* Thus, we investigated the reason and found that we had discovered an improved method.

4‘,:{_(’\-’_’{/0")?')

£
Approach I:  AtA AtB
Approach Il: At C AtB
Industry Std: Approach | only
Multi DYN: Approach | & Il

NOTE: When using the smaller panels, the spikes in higher frequencies will disappear. WAMIT results converge to
results from Multi DYN.
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bod s Advanced Nonlinear System Identification

* Anonli system modeling and optil ion tool to validate hydrod: ic forces and from experiments
. .

Formula of the nonzero Speed case: « This statistical signal processing method can be used to imp hydrody ic force and prediction in a multi
VDY =0  in fluid domain Zero Speed Case: degree of freedom system

1 ( 2 U 2 )’ 0 ") o a0 * Linear and nonlinear memory effects due to wave structure interactions are identified
_—=-U= N=—"2L onz= -

gl\ar ax 2 onz=0 * The method can quantify the linear and i fi dependent coefficients of an integro-differential equation of
"o =;‘-[r=7“’ +a x.i"—l’(:f‘" xT‘)] at body surface Ve =—'<[/7"' v (u;'"'x)‘(')] motion

D"
& =0 on T=-h 7

5175 Container Ship

proper radiation condition at control surface (L175m, 8225.4m, T=9.5m)

* More assumptions:

Q J
— Assume U —<<—
= << 7 {one order smaller)

2 D
-1 (%—u%) 6::;:—";" s an T=0

g

Conclusion: F.S.B.C. becomes identical with the zero speed case.

bod : Environmental Ship Motion Forecasting
* Wigley Hull
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* Results:
* Zero Speed Cases (Compared against industry standard)
* Nonzero Speed Cases Separation + Speed 0 w0 3 0 w200
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Effective Roll Damping Identification

Calm Water Wave Resistance and Bulbous Bows
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* Three sea states

Camparisan of Roll lumping
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* Effective Roll Damping from R-MISO Analysis of Model Tests in Realistic Seas
* Beam Sea Case with 8 knots forward speed

* Introduction & Motivation

* The Wave-making Resistance Problem
* Governing Equations

* The Neumann-Kelvin Method

* The Rankine Source Method

Owave cut analysis

Ocomparison of different methods

Ocalculation of bulbous bows

Motivation: Slow Steaming & Bulb Redesign

model

5150 improved damping model 8307

Marine Dynamics laborato

* Significantly improved motion
prediction after improving numerical

time
Ce of Lated and

Damping model Narmalized ctuss
correlarion
coetficlent (3

Mo viscous darmping buxdel 7051

Himeno damping model 68

Free decay damping model [U%0]

RMS error

* Determine effective roll damping in
realistic multi-directional waves in real

§ rolt rume histones of Run 838 (38 5).

(degrees)

13.32

B -5

3, dep)

| —— Measurod Tume Histons ’
- = = SIMDYN - Frce Decay Damping
== SIMDYN - RSISO lmprovanent

o 50 1w 150 200
Timne ()

A ship costs less fuel when it travels
slower, which is called slow
steaming. But the bulbous bows are
designed for a particular speed.

Multi-objective optimization:
Coupling of the added resistance in
waves and the calm water
resistance.

Bulbous bows are used to reduce
the resistance force of a ship

However, bulbs are designed for a
particular design speed

When the ship slow steams, bulb is
operating off design and must be
reconfigured




Governing Equations

* Governing equation, @ is the total velocity potential:
Vb =0

* Kinematic free surface condition:
Doaf v Byt — Lo =0l = gry)

* Dynamic free surface condition

| TN 3
SO VP — gy =0t yia.y)

* Hull surface condition
@, =0
Infinite depth condition:

[
B Radiatl dition condition(discuss later)

The Neumann-Kelvin Method

~ Main ideas of the Neumann-Kelvin method

* Assume linear free surface boundary conditions. That means the free surface conditions only contain the linear terms and
are satisfied on the calm water surface.

* The body surface dition is satisfied on an hull surface. The body surface condition is nonlinear since the

geometry of the hull surface is usually nonlinear.

* The surface panel method is used to di: the velocity p
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The Neumann-Kelvin Method

Convergence of panel layout

wh

Fn

Wigley 111




The Neumann-Kelvin Method
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Comparison with experimental data
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The Rankine Source Method

* The main ideas of the Rankine source method

e Assume the nonlinear free water surface boundary condition. That means the free
surface conditions contain the nonlinear terms and arve satisfied on the accurate tree

surface

o ‘The bady surface condition 1s sutistied on accurate hull surtace. So the body surface

condition is nonlinear.

o The surface panel method is used to discreuze the veloeity potential.

e o e e e N R |

1. Convergence of panel layout
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The Rankine Source Method

Convergence of panel layout on free surface

e suntage, . direcin, Wogles 1 saserzence of panet by ot five suifice.

3. free surface elevation

Wave clevation. Wigley ML, /7, = 6.3 Wave-making resistance, Wigiey L /7 =03

e e e e s s S e e s GG e s S|
The Rankine Source Method

Convergence of panel layout on hull surface

ke et Wogley 1

4. Wave profile on ship hull
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The Rankine Source Method Wind Turbine: Analysis and Safety

* Effect of nonlinear wave induced forces on
floating offshore wind turbine

* Optimization of floater design for enhanced
performance and safety 5

* Couple our time domain simulation tool
SIMDYN with aerodynamic code FAST
(aero-hydro simulation)

5. Wave-making resistance

e
o 4 * Nonlinear control theory application to
S T T A improve wind turbine efficiency
Wiy 1 Sories 6HCh=i 6) * Using Land Based Control Algorithms

results in unstable platform motions

. . . »
Mooring Design and Analysis eme Load Predictio

Coupled analysis of offshore platform with mooring The Analysis of Flexor Tension Planing Craft Motion

frgquencv domain program MDLHydroD has been'couple.d * Predict operational * Non-Gaussian motion due to lift forces
with the commercial program OrcaFlex. With this ¥ ion in fl d t

coupling, the complicated problem of simulating the maxjmumitensiontinitiexor and:moments .l
motion of offshore structures with moorings and risers * Statistical Analysis * Tail fit for extreme value prediction
can be solved. ¢ Return Plots for Flexor bull

We have developed our own Simplified guasi-static Tension N
mooring module included in SIMDYN (similar to the one .
used by NREUs FAST) based on a catenary equation. Improved Navy Lighterage Peaks Over Threshold and { '
System (INLS) Generalized Pareto Fit ;‘ 1
Currently developing more sophisticated Mooring Model * Multiple bodles.conne:ted + Threshold Selection < &
o ) by flexors and hinge type + Gather Peaks -
* Finite Element Analysis joints + Log Likelihood Fit s AL LS R B N vo
* Morison elements to include lift and drag forces * Joint: Allows Free Relative «  Probability of Exceedance _ — ... Mff_?__‘_,_,

Pitch Motion
Flexor Analysis

Input instantaneous position and forces on hull to
OrcaFlex from SIMDYN

Iterative approach to ensure dynamic equilibrium is
reached at each time step

Marine Dynamics Labormtory © 2017
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IMO Second Generation Ships Stability Criteria:
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2-D Roll (Eddy) Damping Analysis of a Boxed Barge

* IMO second generation
of intact stability criteria
[« Dead ship condition |

* Pure loss of stability
| « Parametricroll J 3
* Surf riding or Broaching

* Prescriptive static

stability
+ Calm water GM
* Calm water GZ
curve
Current approach
of IMO

.

Discussion towards a
274 generation of
stability criteria

Analytical model
approach

N

* Time domain
simulations

« Time consuming

* Computationally
Expensive

Marine Bynamics

* Simplified models D e
capturing relevant
nonlinearities
* Volterra GZ model
o> Lt

* Instead of the Douglas-Neumann source panel method used to calculate hydrodynamics, a
surface vorticity model (SVM) is used as the basis of this project; it has the advantage of obtaining
the lift force without using high orders.

* This method models a real flow environment of high Reynolds number flow with arbitrary body
shapes by using the boundary integral method.

* The purpose of this project is to develop an in-house application for calculating the pressure
distribution, lift, drag coefficients, and eddy damping coefficient of a barge.

Surface velocity SVM comparison with exact solution  Streamline of uniform flow passes an ellipse programed by SVM

(Cylinder)
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Analytical Techniques: Predict Rare Events

* Nonlinear Dynamical Systems
* Melnikov Approach

* Rate of Phase Space Flux
* Rate at which safe basin is eroded

* Stochastic Dynamics

* Mean First Passage Time

 Average time for system to reach
capsizing boundary

Marine Dynamies Laboratory @ 2017
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