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Introducing Contents

The innovative techniques incorporated by
the authors in their PX18 and AG30 programs. °
The design methodology used by the authors °
is broken down step by step and the various °
comparisons of data identified

Benefits

Developmental Flow Logic

Empirical Data with 3D Modeling as a Tool
Comparing Tow and Scaled Prototype Data
CFD Outputs and Loops

Full Scale Optimization with CFD and FEA
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Benefits & Developmental Flow Logic

* Innovative designs proven prior to full scale

* Reduced costs to establish new design
viability

*  Quicker turn around and ownership of data
* Fast modifications and optimizations

e Real time attributes can be used as case

studies to influence hull design Changes _,-:e-e e e —e———e--—m=

* Blending of tow and prototype testing lends
perfectly to CFD analysis and optimization

* 3D Models can be easily adjusted to reflect
improvements from CFD and FEA and
verified with tow and prototypes




Design Intent

Preliminary Forms DEVEIOpmentaI FIOW Chart

and Parameters

Design
Change

3D modeling and

Empirical
Standards

CFD Runs and
Balancing

Data Check
CFD/Tow

Design Tow Test Data
Optimize Feedback

Scale Prototype
Build and Testing

Final Design with
CFD Balance

Full Scale Build
and Test




Effective Prototype to Full Scale
Development Methods

Innovative High Speed Vessel Designs

3D geometry is used to

Prelim 3D Model
w/ WL’s and

* Accurately model the proposed Tl

geometry and make changes
* Investigate packaging concepts, in
particular engine and drives

Prelim Hydro
e  Structural layouts

Empirical Data

* Creating models for import into CFD

and FEA —
Accurate 3D Model peed Range

. Generation for WL,
at Required Wls WSA, Rn, Cf, FSP, Rt,
and Trims

EHP, CP

Particular outputs of interest

*  Centre of volume, mass, and area
positions

* Accurate mass and COG data, taking
into account composite layups, and

varying loads Accurate Scaled P
1 H : Data from Tow and CLUARRESISLANCE
* Data feed into Empirical calculations e and Powering Data
(i.e: keel length, WSAs and Trim WA Compared to

underwater volumes at varying
waterlines and trim angles, etc)
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Comparison of Data

Prelim CFD compare to empirical and initial design,
for order of mag and dynamic parameter
validations

Tow tests for follow up comparison to above and
incentive for prelim design changes — delta value
checks

Scale prototype trials - comparison of powering
and dynamic parameters as second iteration —
delta value checks

Scaled prototype used as platform for structural
and human factor analysis — Strain Gauge, Accels,
Motion Capture

Scaled prototype used to verify sea keeping,
handling, accelerations, hs turning, CG variation
effects, displacement variation effects

All data can now be established as a strong
predictive tool for validation of full scale design

Final full scale parameters fed back into CFD and
FEA — correlation established

Verification of full scale design, BOM, and
particulars to match results, have target to aim for

Build full scale vessel and trial, then feed info back
into loop for final similitude

Run CFD optimizations for increased performance
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Scale 2m Models
Remote Control
Resistance Towing

M Ship in House
Solution

Scale Model Testing







Computational Fluid Dynamics
CFD




Computational Fluid Dynamics
CFD

* Split Fluid Analysis for optimisation
* Reduce computational time by analysing hydro and aero separately

* Debate over validity of CFD numerics, esp. Hydro. Variation between CFD codes and
analysis settings, but useful data can be acquired by amateurs




Aero centre of pressure calculation




CFD — Wave Analysis:

Analyse wave performance over a variety of heights, frequencies and directions

* Produce RAO (Response Amplitude Operator)
Establishing pitch and roll moments along with reaction forces in varying

conditions and running attitudes
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Finite Element Analysis &
FEA .




Name: Sides
1D: Sides

General I Draping Coefficients l Analysis ‘

Fabrics

Fabric Angle

Carbon
UD Carbon
UD Carbon
Carbon
Foam
Foam
Carbon

UD Carbon

Carbon

Stackup Properties

0.0
0.0
90.0
45.0
0.0
0.0
45.0
0.0
45.0

(©) Even Symmetry
() Bottom-Up

Thickness: }EOS;

Price/Area: 0.0

Weight/Area: |10.2545

Thickness (m)

0.11

0.101
0.0919
0.0828
0.0738
0.0647
0.0557
0.0466
0.0376

|

0.0285

Reference Temperature: 20

alpha X: |2.2e-06
alpha ¥: |2.2e-06

alpha Z: [1e-05

==

Orthotropic Material

‘ eXc: |-0.0084 | ext:[0.0092
. eVe: [-0.0084 | evt [00002
| | @

| esa o

| eZc: |0
eSay: |0.015

eSyz |0

Orthotropic Material

Xc: |-4.37e+08 | xe[513e+08
Yo [-437e+08 | & [513e-08
Zc: [-15+08 |zt [ses07
Sxy: [1.2e+08 | Sxz [55e+07
Syz: |5.5e+07 |

ID: £

Carbon_ e Pa

General

p: 1251

Name: |Epoxy_Carbon_Woven_230GPa_Wet

Ply Type: | Woven

Engineering Constants

Characteristic: orthotropic

E1: [5916e+10 £2: [5916e+10 £3: [7.5e+00
vi2: 0.04 vi3: (03 v23: ?0»3 ‘
G12: [175e+10 | 631:[27e+00 | G23:[27e+09 ‘






Post processing outputs of interest

Deflection

Max Princ Strain

Through
thickness
failure
criteria
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