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Overview

HSSL Requirements and Design Process;
Objectives of Viscous Flow Analysis;
CFDShip-lowa code;

CFDShip-lowa Results for HSSL Baseline and

Optimized Hull;
Conclusion and Future Work.




HSSL Design Process

Start 4 Design Requirements
$ » Speed: 43 kts
Global Design : L e * Range > 5000 miles
Optimization L _
: o SS4 sustained
2 performance
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Local Hull Form

i l  Disp 312,000 LT
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Optimization T - i * Length ~ 560 feet
| * <o e « Shallow water
. capability
S « At-sea cargo transfer

Confirmation Do I

G0 —

From Science to Solutions

ifl"m




HSSL HullForms

Baseline Hull
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Objectives of Viscous Flow Analysis

« Evaluate use of RANS approach to supplement
physical model testing in ship design and
optimization process,;

e Capture hydrodynamic characteristics of HSSL
before model test or not included in the tests;

« Evaluate capabilities of CFDShip-lowa for
accuracy and efficiency to support ship design.




1.

CFDShip-lowa code (Pablo Carrica)
Structured body-fitted multi-block grids
Ghost-cells and interpolated multi-block boundawpaitions

Interpolation for special points

2. Higher-order Finite Differences
Convection: 24, 39 and 4" order upwind, linear or TVD

Diffusion: second order central
Lagrangian/Eulerian approach of the time derivativear the free surface

3. Unsteady, single-phase level set
Backward 29 order time derivatives
Geometrical/convective reinitialization algorithm
4. Advanced iterative solvers (PETSC toolkit, ANL)
Parallel Krylov-space solvers with preconditioning
From Science to Solutions




CFDShip-lowa code

5. Dynamic overset grids (SUGGAR, Ralph Noack)

Motivation:
— Complex topologies/local grid refinement, Movingexcts, Control

surfaces, Fluid-Structure interaction, Shape op@tnon
Forces and moments computed by pre-processing USSWRP (Dave

Boger)
Recent developments in Suggar improved speed signify for dynamic

overset computations

6. 6DOF motions
Current capabilities include:

— Arbitrary prescribed motions
— Full 6dof free model capabilities
— Limited capabilities for captive-model tests

G0 —
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CFDShip-lowa code

7. Turbulence models
RANS
— Two-equation, blendektw/k-eturbulence model
Baseline model
Shear Stress Transport (SST) model
— Two-equation based, EARSM
DES
— Massively separated flows
— Operational with botk-w/k-eturbulence models
— 4 order upwind-biased convective terms
8. Incident waves
Regular, arbitrary heading waves.
Irreqular waves (Bretschneider, Jonswap and Pigvkoskowitz
spectrums).
Multidirectional waves (any of the previous spegtsuwith co3
directional spectrum respect to main heading, I'TBZ8).
Hurricane multidirectional spectrum (modified Joagy

Implemented using Dirichlet boundary conditionsd@@vation and
velocities, and Neumann boundary conditions fosguee, matching the
exact superposition of deep water solutions. “y/
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CFD Grid Models:

Block CFD Model Name

Name BASECS BASEFN BASEFNF OPTEN OPTENF1 OPTENF2
deckup 53x13x29 111x15x29 111x15x29 103x19x29 103x19x29 103x19x29
deckdn 53x29x29 111x41x29 111x41x29 111x41x29 111x41x29 111x41x29
cap 77x31x29 139x31x29 139x31x29 139x32x29 139x32x29 139x32x29
hull 77x119x41 147x117x41 147x117x41 147x125x41 147x125x41 147x125x41
strn 27x65x41 25x65x41 25x65x41 27X65x41 27x65x41 27x65x41
lead 41x19x19 41x19x19 41x19x19 41x21x21 41x21x21 41x21x21
trail 41x11x11 41x17x17 41x17x17 41x17x17 41x17x17 41x17x17
fin n/a n/a 65x45x41 n/a 65x45x41 65x47x41
fintip n/a n/a n/a n/a n/a 107x17x31
boxiner 119x53x71 119x53x71 119x53x71 119x53x71 119x53x71 119x53x71
boxout 69x41x47 69x41x47 69x41x47 69x41x47 69x41x47 69x41x47
Total: 1,167,136 1,684,419 1,804,344 1,759,074 1,878,999 1,935,388

Notes: BASEFNF and OPTFNF1 installed with fin extending to center plane at 4=0°

OPTFNF2 installed with fin at 4=-2.5°

rl

EJI"m

®

From Science to Solutions




CFD Grid Models:

deckup boxiner
cap / strn
hull \
trall

lead / /

\ ‘ fintip

fin
deckud
boxout
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CFD Grid Models:

A close look at fin block and fin tip treatment

fin block

/

fintip block




CFD Grid Models:

» Close look of area of overset grids:




18 production cases

ISSL motion In Calm Water:

Ship Model | Fr Re, Re, Baseline hull Opt hull

speed | speed No fin | Fin No fin | Fin | Fin
(knots) | (knots) (0°) (0°) (2.5°Dn)
15 2.68 0.201 | 9.74e8 | 6.49e6 X

20 3.57 0.268 | 1.30e9 | 8.64e6 | X X X X X

25 4.47 0.335 | 1.62e9 | 1.08e7 X

30 5.36 0.402 | 1.95e9 | 1.30e7 | X X X X X

35 6.25 0.469 | 2.27e9 | 1.51e7 X

43 7.68 0.576 | 2.79e9 | 1.86e7 | X X X X X




HSSL Motion in Regular Waves:

13 production cases:

Ship Wave | L /LWL | Baseline hull Opt hull
Speed Height Nofin| Fin [ Nofin| Fin Fin
5 (0°) (0°) | (2.5°Dn)
1 X
2 X1 X X X X
43 8 ft
knots 3 X
4 X X X X

1 Case for 4 feet height wave is also simulated.




Grid Sensitivity and Computational Efficiency:

« Comparison of resistance coefficients between coarse and
fine CFD models

Fr=0.576, Re,_=1.86E+07
CFD Models C C, (ITTC) C,
BASECS 0.00122 0.00270 0.00235
BASEFN 0.00254 0.00254

Computational efficiency:

System: NAVO HPC IBM P5+ (babbage )
No. of CPUs: 48
Largest CFD model: OPTFNF2
Number of Simulated Wall CPU
Timesteps | Time at 43kts Hours Hours
Calm water 1000 70 sec 10 480
Regular wave 1500 105 sec 19 912




CFDShip-lowa Results for HSSL in Calm Water:

« HSSL Optimized and Baseline bare hull resistance
comparison with model tests and DasBoot




CFDShip-lowa Results for HSSL in Calm Water:

 CFDShip-lowa reached very high accuracy in
resistance prediction:

Ship speed 15 20 25 30 35 43
(kts)
Model 2.68 3.57 4.47 5.36 6.25 7.68
speed
(kts)
CFDShip- 8.75 16.14 30.38 32.11 54.99 95.64
lowa R (lbs)
Das Boot 9.03 17.32 32.54 35.38 55.69 91.32
R(lbs)
Test Results 8.15 16.57 29.98 31.75 54.99 93.25
R(lbs)
Difference: +7.4% -2.6% +1.3% +1.1% -0.8% +2.5%
CFDShip (+10.8%) (+4.5%) (+8.5%) (+12.1%) (+1.3%) (-2.1%)
(Das Boot)




CFDShip-lowa Results for HSSL in Calm Water:

* Trend of sinkage and trim curves predicted by CFDShi p-lowa
match with the model test results;




CFDShip-lowa Results for HSSL in Calm Water:

 CFDShip-lowa prediction of Optimized hull resistance

reduction:

 Most reduction in R

w

e Fin adds 6% to 3% of R .
from low to high speed.

Ship speed 20 30 43
(kts)

Model speed| 3.57 5.36 7.68
(kts)

Resistance | -21.6%| -17.9%| -1.6%

Reduction

Model Ship

Resistance | -28.8% | -23.9% | -2.1%

Reduction

Full Ship




CFDShip-lowa Results for HSSL in Calm Water:

* Pressure contours and wave on hull comparison
at various ship speeds

at 20 knots

at 30 knots

. t 43 knot
Baseline e R Opt v3.8




CFDShip-lowa Results for HSSL in Calm Water:
* Overview of flow fields predicted by CFDShip-lowa




CFDShip-lowa Results for HSSL in Calm Water:

 CFDShip-lowa also shows local free surface depression over pumpjet

A wave dimple in

/ stern waves

Flow streamlines




Optimized hull with Fin in Regular Waves

Comparison of CFD prediction with Test:

 CFDShip-lowa captured very well both
magnitude and frequency of the motion

 There were noticeable difference in
upstream waves of CFD and Test

11 =2




Optimized hull with Fin in Regular Waves

Comparison of CFD prediction with Test:

» CFDShip-lowa captured very well both
magnitude and frequency of the motion

 There were noticeable difference in
upstream waves of CFD and Test

Il =4




Influence of Fin Angle on Motions
» Optimized hull with different fin angles

) :2
H=8ft
CFD:
T,=6.8
(Sec)

H=8ft
CFD:
T,=11.5

(Sec)




Motion Instability of HSSL Bare Hull Captured by
CFDShip-lowa:

Both bare Optimized and Baseline not stable in 8 ft short waves ( , <4);
In wave of 4 ft and , =2, motions are, however, stable;

Ship Speed at 43 knots T = Fr
non-dimension 1 2 3 4 ° (2xp x/ ) M2 +Fr x/ !
Wave length,
non-dimension 0.59 | 1.01 | 1.36 | 1.68 Te*=1 means:
encountered a wave cycle travels one ship length

wave period, T,




Cause of instability for HSSL Bare Hull
In Short Waves from CFD Analysis

» High wave of short period hits wet deck aft CG makes bow trim down greatly;
» The crossing flow over the shoulder of strut and hull generates down-pushing
force making bow down trim even worse.

\

Wave crest enters bow Wave crest hits wet deck before Lcg

N

Wave crest hits wet deck after Lcg to make bow down trim

T~ 7

Following wave crest reaches bow and flood dry deck




Conclusion and Future Work
For CFDShip-lowa:

 CFDShip-lowa reached very high accuracy for solving real-life free
surface flows, specifically in predicting ship resistance, sinkage and
trim, and motions in waves;

* Ingeneral, CFDShip is very robust, except for diverge issue in
extremely nonlinear wave and hull interaction, e.g., wave impact
wet deck and structure junction;

» The strength of CFDShip-lowa: reveal, in high fidelity, all non-linear
and viscous flow phenomena.

» HPC resources make turn-around time acceptable for supporting
practical ship design work

— Wall clock times of 10-19 hours
— Were able to run 31 simulations in place of 8 proposed




Conclusion and Future Work

For HSSL Optimization Process:

CFDShip-lowa analysis confirmed resistance improvements
proposed by optimization process before model test;

CFDShip-lowa analysis revealed hydrodynamic characteristics of
HSSL not included in the model test, for instances:

(1) change fin pitching angle can reduce ship motions in a given
operational sea environment;

(2) HSSL bare hulls are not stable in short wave motion at design
Speed,;

Selective seakeeping runs are favorable, but more work needed to
use CFDShip-lowa for seakeeping confirmation in various sea
conditons;

CFDShip-lowa is potentially useful to design HSSL fins and
iInvestigate stern flow details with an operating pumpjet;
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