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Ohjectives

Create a Mathematical model of the
SLICE hull'in the: horizental plane

Analyze Directional Stanility.

Predict maneuvering perfermance
pased on rudder location and size




Discussion

Equations ofi moetion In the horizental
plane

Prediction of hydredynamic coefficients
PpdSs

Struts

Tletall slice vessel

\/essel stability: measures
\/essel maneuveranility.




Equations of Metien i the
Horizontal Plane

Matrix components are: hydrodynamic
coefficients

o [Linearized by Tayler senes expansion of
ferce and mement compoenents




Prediction of Hydredynamic
Cogfficients

Perfiermed! ini Steps
Pod coefficients

Pod With fin

Sttt attached! to ped

Trransiation ofi coefficients ter amidships
ieference: point




U/ Vedel of SLICE
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Pod Modél

Elliptical nese section
Parallel mid body.
Conical tail section




Pod Modél




Pod Coglificients

2 Semi-empiricall methods applied

o USAE Datcom for lateral and roetary
coefficients

o Humphrey's and Watkinson for addead
MAass, Coefficients

Verified against captive modell tests fior
SUBOEE body




Equations of Metien i the
Horizontal Plane

Matrix components are: hydrodynamic
coefficients

o [Linearized by Tayler senes expansion of
ferce and mement compoenents




SUBOEFE body
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Appreximate SUBOEE body and

Pod Model




Sruts and Eins

Struts modeled as flat plates
Eachi acting as a fixed fin
Calculated relative to pod
\/erified by previous work (PNA)




Transliation ofi Hydredynamic
Cogfficients

Perfermed By summing ferces and
moments about the vessels reference
poInt

Algebraically’ stim components to get
coefficients for vessel

Insert Picture PNA4. here




ASSUMPLIoNRS

Noi interaction; between, struts and poeds

No pressure effects between port and
Starboard sides

Prepeller wash over aft pod has no
significant effect

Rudders have full effect on turming
anility




U/ Vedel of SLICE
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Rudders

Moedeledl as rectangular flat plates
o 6 oot span

o Aspect ratios between 1. and 5

o Areas between 5 and 35 ft?

Ifhree configurations

o Strut mounted
e« Pod mounted
o Pod mounted with' deadwood




SLICE Sability

Eigenvalues off EOM are a measure of
stability’ and turning anility,
Qualitatively.

o Viore negative means more stable

o Viore stable means mere effort necessary
o) tlrm




Numerical values of Doeminant
Eigenvalue

e Based on data base ofi 173 vessels

< -.331

— Stable, peor turning characteristics
, = 0

— Unstable

o - 531 << O

— Goodl directionall stability.
— Good turning ability

, closest to 0 gives: hest tuming ability.




, for Stiut Mounted Rudder
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, for Poed Moeunted Rudder
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, forr Pod Mounted With
Deadweod

Constant value: ofi -.321.

Poorest turning ability: of the
configurations: considered




Seady Siate Turning Aoty

Acceleration are zZero
Tfransients are settied out
results 1na constant radius turm
Standard Rudder used for all




D/L for Sirut Mounted Rudder




D/L for Pod Mounted




Seady Siate Turning Aoty
Results

Pod mounted

Larger moment gives smaller turning
diameter for a given aspect ratio

Dominant eigenvalue more negative

Strut Mounted

Smaller induced rudder mement
Larger turning diameter
Larger (less negative) dominant eigenvalue




Nomoeto’'s Flrst Order
AppPreximation

Modeled turning ability: as a first eraer
system by manipulating EOM

K gain/course keeping index
I Time constant/Irurming ability: iIndex




Course Keeping lndex

Ratio of turning mement andyaw
MOMERt Coefficients

Larger value off K

o Greater yaw: rate
o Greater steady state turning ability.




Turning lndex

Ratio of Yaw! Inertia to yaw damping

Smaller T
o Quicker helmiresponse

o Good course keepingl Implied! because of
guicker respense to rudder commands




1/KVs 1/ plot for Strut Vieunted

Rudder
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1/K'V/s 1/ plot for pod Moeunted

Rudder

000000000000000000000000000000000000000000




Trendsin K and I

Gain K'Is Sensitive to rudder placement
andl aspect ratio

o K |langer for larger aspect ratio
I virtually: constant fer all rudders
Poed moeunted rudder better

o Smaller T

Boeth are relatively insensitive to
changes In rudder anea ol aspect ratio




Practicall Considerations

Pod mounted rudder

UV protrusions ait
Machinery space
Connecting hardware/structures

Strut Mounted

Gooed turning ability based on moadel

No UV proetrusions aft

Machinery space available nearhby

N large structures necessary to connect




SWATIH Cemparisens

Current SWATHI configurations have
udder area between 1 andl 3 percent

Turming Diameters between 4 and 16
dependent on displacement and U/
configuration




CONCLUSONS

Base line SLICE hull ferm: directionally
Stable

EXnibits geed turning anility’ and' course
stability

Moedel data supports use of rudder sizes
similar ter conventional hulls'and! current
SWATH ships In Use.




Further Research

Use model test
validate: or inva

ASSUMING gooe
o Predict rudder

or fullf scale test data to
idate the model

model correlation

Perfermance using various

NACA rudder forms

EXperiment with flapped and un flapped
iudders to Increase tuiming anility
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