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OpenFOAM in HMRI A HYUNDAI

cases

Define parameters of cases for running
such as model & propeller numbers, speed,
draft and trim conditions

ezFoamDict

Define parameters for running
OpenFOAM solver such as turbulence
properties, control parameters, schemes
and solver control parameters etc.

Custom Applications

HiFoam®

HiSPFoam

A multiphase solver for resistance and self-propulsion
simulations using LTS for temporal scheme

Single phase solver for self-propulsion simulations based
on geometric modeling



OpenFOAM in HMRI A HYUNDAI

Running ezFoam

/* *\
EEEEEE ZZZZZZ |
EE ZZ F ield | OpenFOAM: The Open Source CFD Toolbox
EEEEE ZZ ¢ peration |
EE ZZ B nd | Copyright (C) 2004-2010 CpenCFD Ltd.
EEEEEE ZZZZZZ M anipulation |

¥ =/

Application: ezFoam

CpenFCAM : CpenFOAM-2.1.1

Written by : Geon-Hong Kim, Engineer
Hyvundai Maritime Research Institute
Contact : e-mail geonhong.kim@hhi.co.kr
Cffice S 3

Total 5 cases

Creating case "TXXX DO

Running Case

Creating "runs; X D00.0 S500.0 vatem" directory...Done Decomposing computational domain...
Making a controlDict file...Dictionary ° " iz found : reading entries...Done Running decomposePar...Done
Making a fvSchemes file...Dictionary "£fv is found : reading entries...Done

Time for pre-processing :

Making a fvSolution file...Dictionary " is found : reading entries...Done
Making a decomposeParDict file...Dictiomary "dec ePar " is found : reading entries...Done Run THXX DO0.0 S00.0 T0.0
Making a setFreeSurfaceDict file...Done " -
Making a setFieldsDict file...Done § "mp
Creating "runs/TX . .Done
Making & g file...Done Time for solving : 3 3
Making a dynamicMeshDict file...Dictionary " i= found : reading entries...Done
Making a transportProperties file...Done gi::::ﬁr“:tiﬁimcD:i?za;i:na;IZE::in
Hak?ng 2 turbmemﬂ.jmpejfues f?le: -Done S ) . . Case Na:gna Praisuza Furcep Viscous Force | Total Force Standard Deviation |  Pressure/Viscous/Total Moment
Making a RASProperties file...Dictionary "RL. is found : reading entries...Done - . - - - - - N

TXXX_D00.0_500.0_T0.0

Reading fluid properties...Done

Converting mesh...
Mesh has not been created yet
ccm file has been detected
- Converting mesh "mest 4
— Removing unneccessary files in °
— Create mesh for time = 0.
Correcting boundary patches

— Create mesh for time = O...

"meshes/ THHK End

Given parameters:
targetDir: runs/THXX D00.0_S00.0_T0.D
postfix : HiFoam

Displacement info
Done - Displacement = 1.0
Renumbering mesh...Done - Weight = 100
Generate field files.
Making field alphal...Done - Trim and Sinkage info

Making field p rgh...Done Total motion : trim = 0.0% deg, sink = -0.
Making field eEsilun. . .Done
Making field k...Done N N .

Time for postprocessing : s

Making field nut...Done

Making field omega...Done End
Making field U...Done
Set VoF fields...Done
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Analysis on Ship Performances AHYUNDAI

Resistance Simulations

\ Project NEED FOAM SPEED

Enhanced speed & stability performances
without losing accuracy

Self-propulsion Simulations

Propeller modeling

Viscous/inviscid coupling modeling
for an efficient and robust simulation



Analysis on Ship Performances : Resistance AHYUNDAI

Resistance Simulations

QS-FBI

Limit face fluxes on interface cells Predict motions by employing
to enhance the stability of solver, the least square method.
Without Flux Limiter _53 L L
g-lw -
g'm o Present
Ej;‘; ™ ——QS-FBI
With Flux Limiter 2 Y '
-400 ‘ 0:14 “‘,“. /7,- —presemt | % g
oo Q'Zﬁhg:}]ﬂgf on 5 “-\ [ —QS-FBI | -0.004§
%0(;; - -0.006 %
£ 06 <0008 &
0 5 10 1;10liuiDSlepj5 30 35 40

Flux Limiter

* |t has been submitted to IJINAOE



Analysis on Ship Performances : Resistance

Resistance Simulations

Validations : HiFoam

The present method was applied to
simulate four different types of ships
to validate its performances.

The present simulation shows very
good agreement to experimental data
of HMRI over whole range of the
Froude number.

Now, it became one of the most
widely used CFD tool in HMRI.
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Self-propulsion Simulations

Viscous/inviscid Coupling
The effect of the propeller was reflected by means of momentum source method
where the momentum sources were estimated from KPA14 code.

Wake info. KPA14 B

Convert forces to N —

momentum sources N Force info. FORTRAN subroutine
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Self-propulsion Simulations

Sliding mesh with multiphase flow Sliding mesh with double body modeling
modeling using VOF
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Validation on Wave Simulations

* Simulate waves only

 Dependency on grid arrangements

« Compared the results to theoretical
wave profile

Validations on Seakeeping Simulations
Twin Skeg LNGC
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Wave Simulations

Test I\/Iatrlx

m

2150 21100 21200
Ay 25 4150 21100
AZ H/4 H/8 H/16

* Additionally tested two more cases : H/32 and H/64

Wave Parameters

* Length:3.821Tm
 Height:0.07811 m
* Depth:6m

# Cells 0.2 Mil. ~ 6.5 Mil.




Analysis on Ship Performances : Sea-keeping A HYUNDAI

Wave Simulations : Results

Relax & blending region
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* The number of grid points along wave and transverse direction
does not affect to the solution.

« The number of grid points along vertical direction mostly affected to the
resultant wave profile.

« Additionally, test on aspect ratio may be conducted.

m) Ar<1/60, Az <H/30. for Ay, Ay/ Ax = 2~4



Analysis on Ship Performances : Sea-keeping AHYUNDAI

Seakeeping Simulations

List{Check) Common Parameters

v' Boundary size v" Time step was limited to be
v Relaxation zone no larger than T/1 SQ |

v' Parameters in fvSolution ¥ Relaxation zone varied in

[0.5, 1.0] X Lpp

Test on Boundary Size

. :0.5~15x%xL lele trea™ Sic
. gpstream : ;| Lpp I,Of)Lpp WX
ownstream  11.5~2.5 X Lpp . [ — | 5L v
sired

« Top :2.0m~ 15X Lpp e

* Bottom 16.0m~2.0 X Lpp Ler

Bottom
6.0m

Remarks

> The solution diverged for the
deepest domain size

» Too short inlet showed less stable
behavior
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Seakeeping Simulations : Twin Skeg LNG

N N f/\l\W/}r
;J‘\VJ 1\![ ;Y t\\l ; :

=—(CCM, Fv =——CCM,Fp =——Present, Fv ——Present, Fp

History of pressure and viscous forces
] //*\\ (OpenFOAM vs CCM)
: ﬁ ///f}\\\\\
55 NN\ « Comparable to STAR-CCM+
23 N Ne S - Relatively good agreement to
| | | | experimental data
0% 0.50 oo Lso 200 * Need to review the results of
& EXP ——ccm ——DBroad Relax ——Narrow Relax hlgh |ength Wave
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Seakeeping Simulations : Twin Skeg LNG

Added Resistance Simul

lation for Twin Skeg LNG Carrier

A

Added Resistance Simulation for Twin Skeg LNG Carrier

I | pressure
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Time: 24:3639 s
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Analysis on Ship Performances : Sea-keeping A HYUNDAI

Seakeeping Simulations : Single Skeg VLCC
Time: 26.2596 s

T772 Added Resistance Simulations

Pressure ——
Viscous —— 7
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Static drift / rotating / drift rudder

Maneuvering simulations using HiIFoam®

Static drift with various yaw angle
Estimate hydrodynamic coefficients of pure yaw motion by running rotating

simulations
Run self-propulsion simulations using viscous/inviscid coupling modeling for

estimating performances of drift rudder cases




Concluding
Remarks

/A HYUND:!

HEAVY INDUSTRIES



Concluding Remarks (1/3) A HYUNDAI

HMRI has developed CFD techniques based on the OpenFOAM.

We developed HiFoam, a multi-phase solver based on OpenFOAM,
to evaluate resistance and self-propulsion performances of a ship.

We continued to improve the HiFoam to be more efficient and robust.

HiSPFoam has been developed to simulate self-propulsion cases using
double body modeling based on the geometric modeling for propellers.

ezFoam is an automation program for the analysis of ship performances,
developed by HMRI

Those developed solvers were applied to analyze performances of resistance,
self-propulsion, and maneuvering of various ships.



Concluding Remarks (2/3) A HYUNDAI

We carried out sea-keeping simulations by using Naval Hydro Pack
which is a resultant OpenFOAM code of JDP with UNIZAG

« @Grid arrangement along vertical direction mostly affected to the solution
In wave simulations.

* |t has been applied to simulations of two different ships in head wave
successfully and showed comparable performances to STAR-CCM+ results
and experimental data.

* As our future work on sea-keeping simulations,
v Apply the present method to various ships of different types.

v" Look for the optimum parameters for controlling solver,
such as parameters defined in waveProperties or fvSolution files.

v Carry out feasibility tests on quatering waves.

v" Simulate ship motions under various wave conditions.
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Future of OpenFOAM development in HHI

* We will continue to develop OpenFOAM® techniques to replace the
commercial CFD codes.

* |t may contain following items:
» Free-running with improved motion solvers, e.g. overset mesh etc.
» Evaluate performances of a ship in real scale
> Real time simulations

» CAD handling for using in design stage
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