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CREATE-Ships Objectives for Hydrodynamics HRC &) Bz

® Provide the US Navy community with a suite of analysis
methods that can be used to impact design and analysis

— Existing and evolving semi-empirical methods for fast turnaround
needs

— Use of existing high-end methods where appropriate, within
required timeframes

— New CREATE-developed high-fidelity capability with a minimum
of empiricism
® Provide an integrated user design environment for using
these different levels of fidelity methods by users in both
the design and analysis domains

— Simultaneously optimize and evaluate different disciplines (e.g.,
resistance, powering, maneuvering, seakeeping)
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IHDE Product Description

The role of the Integrated Hydrodynamics Design
Environment (IHDE) within the CREATE-Ships Project is to
give ship designers easy and convenient access to
software design-analysis tools to evaluate tradeoffs (often
Involving thousands of design variables and high
performance computers) and make decisions early in the
design process, when the impact on future cost is greatest.
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Integrated Hydrodynamics Design
Environment (IHDE)
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IHDE Release Products

Approved for public release (NSWCCD-20-TR-2012/01):
Includes only publicly available analysis tools: FKS, TSD, SMP
Available for use by universities and students

Distributed to students in MIT-2n program as part of ASSET
IHDE V2.1 training course (Aug 2012)

Current Production Release (Dec 2011)

New capabilities:
Basic ship loads capability with LAMP-2: Large Amplitude
Motions Program (time domain)

Parallel processing capability initiated (ties into Aberdeen Portal)
IHDE V3.0

Upcoming Production Release (Dec 2012)
New capabilities:
Improved visualization capabilities for decision-making
Seakeeping Evaluation Program (SEP)
Improved capability for resistance
IHDE V4.0 Das Boot (parallel processing for multiple speeds/drafts)
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IHDE V2.1 Capabilities

® Analysis Tools (IHDE V2.1)

Slender ship theory resistance predictions
® Fourier-Kochin Slender (FKS)
® Total Ship Drag (TSD)

Multi-hull capability for resistance
Seakeeping predictions using Ship Motions Program (SMP)

® Integrated solution and visualization capabilities

Predicted resistance vs. speed

Hull wave profile

Free surface wave elevations vs. speed

6-DOF ship responses, absolute motions and accelerations

Relative motion response for specified locations on ship

Direct comparison inside IHDE to model data or external analysis data
Real-time evaluation of input sensitivities
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IHDE Meshing

® Automated Meshing capability

— Meshing directly from LEAPS database (NURBS representation)

— Several options available in IHDE to control mesh density and
methodology

Significant time savings vs. manual grid generation methods!
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IHDE — Resistance

Resistance: Total Ship Drag (TSD)

Slender ship theory

Predicted wave drag, friction drag from ITTC (1957)
Empirical models for form, transom, spray drag

Two different execution
® Mode 1: fast, robust

modes

® Mode 2: slower, increased accuracy

Predicts hull wave profile and free surface wave ele
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IHDE - Seakeeping

® Seakeeping: Ship Motions Program (SMP)

Ship advancing at constant speed and heading in a seaway
Predicts 6-DOF responses, absolute motions and accelerations
Predicts relative motion response for specified locations on ship
Inclusion of skeg, rudders, bilge keels (nominal)

Multiple methods for data presentation: line, fringe, polar plots
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MODERNIZATION PROGRAM

IHDE - Help BPCcE

IHDE - Windows Internet Explorer
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DOD

Engineering Tools Portal (ETP)

The CREATE project has a unique opportunity to
bring HPC resources to a community of users that
typically don’t use HPC computers; and to do so in a
way that is familiar and easy.

Indirectly address IT security issues.

This opportunity is being made available from the
Army Research Lab (ARL) via the HPCMO program
In the form of a Windows based HPC computer.

The HPC computer will provide an interactive Portal
for acquisition program engineers needing access to
computational applications that run in the Windows
Environment.

Integrated Hydrodynamics Design Environmen t (IHDE)
Page-11



Engineering Tools Portal (ETP) HPCOHEE

w7 AN CENTERS
MODERNIZATION PROGRAM

/7 Home - HPC Portal - Windows Internet Explorer

{0 x|
@_:—:* - |g https: /fetp.arl.hpc.mil/default. aspx j % |'¢‘f x| IL!'-.'E Search | = '
File Edit WView Fawvaorites Toaols. Help

Cl e »
U6 40 @ Home -HPC Portal | fi - A~ gsh - b Page - (G Took -
HPC Portal Welcome James Waterman « | @ L]
=} - -
HEE EWXNEE) HPC Portal [This Site <] | ]
e FOusa o TaTICH FRanR A —
M site Actions -
View All Site Content D o D o
» Shared Documents -
ASSET Explarer HPC Job IHDEW3.0
® System Documents v6.3.0 Manager
= User'sFAQ MODERNIZATION PROGRAM
g ¥ o¥* @ =
= Calendar : ]
Leaps DB Leaps Editor Leaps SHCP  Microsoft
® Change Management Utilities vd.3.0.7 vé4.3.0.7  Office Excel
B U vé4.3.0.7 2007
Forums -
—7 D&
= General L]
Parent R5DE
= MatiLab Hullform
= IHDE Ao Announcements - d|
Done o

| [ [ [ | [ [+ Trustedsites | Protected Mode: Off + 100% -

Integrated Hydrodynamics Design Environment (IHDE)
Page-12



Application of IHDE in FY11-FY12 HEPCO)

® US Navy’s Center for Innovation and Shlp DeS|gn (CISD)
— T-AGOS-19 :
— Hospital ship (Mercy) replacement design
— Salvage Tow & Rescue (T-STAR)
— Green Arctic Patrol Vessel (GPAV)
— Medium Affordable Surface Combatant (MASC)
— Optimized MASC

® DDG-51 Flight 1ll bow bulb design
® Support upcoming DARPA program

USNS Mercy (T-AH-19) : Image courtesy of US DoD
Defense.gov news photos.
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Application of IHDE Iin FY11-12

® Salvage Tow & Rescue (T-STAR)

—Haltrapand Mennen

Courtesy of Brandon Laing (CISD)
IHDE used for resistance evaluations
Discovered interesting stern wetting feature

N\

T-STAR Brake Power vs. Speed

——IHDE - MaximumSpeed =--TrialSpeed ——Sarvice Spead

® Green Arctic Patrol Vessel (GAPV)

0 15 20 5

Courtesy of Alan Shane (CISD)

IHDE used for resistance assessments

Unusual bow section designed for ice breaking operations
LEAPS database constructed fairly easily by iges import from Rhino
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Application of IHDE Iin FY11-12

DOD

MODERNIZATION PROGRAM

® Medium Affordable Surface Combatant (MASC)
— Courtesy of Charles (Henry) Dorger (CISD)
— IHDE used for resistance assessments as part of ASSET design synthesis process
— IHDE used to characterize seakeeping behavior (No seakeeping module in ASSET)
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DOD

Application of IHDE in FY11-12

® Optimization of MASC Design
— Used IHDE, ASSET, and Parent Hullform Application (PHA) including HullTran
— Objective was to improve seakeeping with small impact to resistance
— Candidate hullforms were ranked based on Bales Index

Max roll angle decreased by 43%
Max pitch angle decreased by 14%
Significant shift in roll RAO

Small resistance penalty at high Fr
Displacement increased 8%

I (deg)

Roll (deg) Roll (de:
LONGCRESTED, Height = 7.5, Period = 15, BRETSCHNEIDER

LONGCRESTED, Height = 7.5, Period = 15, BRETSCHNEIDER

Big improvement
in seakeeping
with little penalty!
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® Picture from CRS Report for Congress: “Navy Ship
Propulsion Technologies: Options for Reducing Oil Use
— Background for Congress,” Dec 11, 2006
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Integrated Hydrodynamics Design
Environment (IHDE) V3.0

DESIGN STUDIES

HPC SHAPE OPTIMIZATION HPCMP
AUTOMATED VALIDATION CASES
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IHDE Current Releases
® Production Release IHDE V3.0 (Dec 2011)

— V1.0: Basic Resistance

® TSD: Total Ship Drag (based on slender ship theory)
— V2.0: Basic Seakeeping added

® SMP: Ship Motions Program (frequency domain)

— V3.0: FY11 additions

® Basic ship loads capability using LAMP-2: Large Amplitude Motions Program (time
domain)

® Parallel processing capability initiated (ties into Aberdeen Portal)

® Plans for V4.0 (Dec 2012)

— Improved visualization capabilities for decision-making
® Seakeeping Evaluation Program (SEP)

— Improved capability for resistance
® Das Boot (parallel processing desired; e.g. speeds x drafts)

® Future versions

— Improved prediction capabilities (codes under consideration)
® AEGIR
® TEMPEST
® NavyFOAM

— Shape Optimization
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Example: Improved Process for Running HEEE
Large Amplitude Motions Program (LAMP)

Previous Process IHDE Process
geometry — CAD (Rhino)
T LEAPS DB
Amp
v
.out
! Prob. of Exceedence(s
Impound » .out
out |« IGE)R d Execute once: all sea states, speeds, headings, etc.
Weibull ] Significant time savings
_ Prob. of Exceedence  Manual preparat_lon time reduced
* Less chance of input errors
Execute multiple times: each sea state, speed, heading, etc. e Parallel execution of individual runs
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nput Screens:

DOD

MODERNIZATION PROGRAM

LAMP Input Control Parameters

LAMP _ship_0000004_051612_070802 Broy

Bulb (GEB) at 07:08:02

—Ship Charactensgtic Information

rAp

MNumbgl of ship speeds IZG 1

Mezzdimu M

Mirimum I

0

Fuldoad Displacement {m™3) |35122000 II:
L]

FulHoad Gravity Center {m) |0 [0 [5.89 Tl
r

Metacentric Height {m}) |3_4-| M

Radii of Gyration (pitch/LEP. 0
roll/Beam, yaw/LEP) |0-25 0375 0275 n

Incident Wave, Seaway, Sea State and Timing Options

Wave or seaway spectrum options
" No seaway (0}

¢~ Single or superposition of muttiple linear waves) (1)

= Imegular waves {Bretschneider, Pierson-Moskowitz spectrum) (2)

€ Regular nonlinear seang

Wave 2 (Ochi)

¥ I 0
Wave Periods, sec 9.7 I 0

WaveSpectrum Gamma I 1 I 1

Wave Heights, m 326

% Long-crested waves

£ Superposition of near waves [4]

£ Long-crested imegular Stokes waves (5]
" Imegular waves (JONSWAP spectrum) (5)
gular waves (Ochi spectrum) (7)

 Notes

Bretschneider/Pierson-Moskowitz Wave Spectrum Gamm:

Bretschneider = 1
Jonswap = 3.3 for North Sea
Huricane Camille = 1.5

" Short-crested waves

Short-crested seaway wave
spreading factor

I 0
MNumber of waves used to repres:
seaway wave spech

Select filefz] describing linear way

Wave Headings (30-degree increments)
’7 ™ Single Heading

™ 180 Degrees-Head to Fall

The ramp applies a function to
scale the amplitude of the regular
wave or seaway during the LAMP
anahysis.

% 360 Degrees

Wave Heading, deg 180
Wave Frequency IiD

Wind Speed. m/sec 126
Wind fetch distance, km

Wave Realization Index  Fodify Def

e definition

Ramp first tim step I‘I
ID

I run duration exceeds & minutes
it will be braken into multiple &
minute or shorter runs.

Default wave realization indices: 1
ber of E-minute runs

Wave Realization Index at
ecessary.

Analysis time options
[~ Pressure [ Panel Geometry [ BEalance Check [ Hlastic Beam
) ) First time step
Run duration {min.) IG’D e |1DD |1DD |1DD |1DD
Time step intarval |n.n.=n 1443¢ Last time step |1 000 |1 000 |1 000 |1 000
Mo. of time steps |'|'|55B ime step increment I‘II}I} |1DD |1DD I‘II}I}
< Back Next > Cancel

-

Number of runs = #speeds X #wave headings X #wave realizations

=20 X 12 X 10 =2400 (wantto run in parallel > Aberdeen Portal)
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Lifetime 90% Non-exceedence Bending Moment HBG

MODERNIZATION PROGRAM

Hogging Bending Moment Sagging Bending Moment

Vertical Bending Moment Vertical Bending Moment
LONGCRESTED, Height = 3.26, Period = 9.7, BRETSCHNEIDER LONGCRESTED, Height = 3.26, Period = 9.7, BRETSCHNEIDER
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Seakeeping Results
Plot Type == Plot Type e
8] & (2] o] & o]
£ Rectangular ((: Fringe - ~ Probabiity | 0.90 £ Rectanguar | © FNGE - ~ Probabiity | 0.0
& Polar Contour - c & Poia " Contour - -
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Notional Implementation of Seakeeping
Evaluation Program (SEP): FY12 IHDE Effort




How do | get IHDE?

® Government employees and contractors may
request access through CREATE portal website:

https://portal.create.hpc.mil
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Wrap-up

® Usability is key in IHDE!

® |mpacts in ship design require tools that are robust
and easy to use to avoid costly delays

® Already we are demonstrating how IHDE can help
ship design agents and naval architects make more
Informed decisions about ship concepts at an early
stage

® As we extend the capabilities available in IHDE we
will continue to stress usability
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