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SYNOPSIS

The current emphasis on the littorals, and the consequent focus on the use of unmanned surface
vehicles, presents the naval architect with a dilemma: how to achieve low-speed seakeeping
simultaneously with high-speed efficiency and seakeeping in the same hull form. Neither conventional
hull forms (monohull or multi-hull) nor current advanced hull forms (such as SWATH and hydrofoil)
are able to achieve these objectives in a single design. Hybrid ship designs employing lifting body
technology offer potential solutions to this dilemma. This paper describes the transformational lifting
body technology developed by Navatek, and focuses on several current applications.

INTRODUCTION

Due to emerging anti-access and asymmetric threats in the littora zone, the U.S.
Navy is seeking designs for a range of fast, stable, and inexpengve ships and craft
to conduct a variety of increesngly important focused missons in the littord.
These missons include  intdligence, survellance and reconnaissance (ISR);
homeland defense/maritime intercept, including prosecution of other svdl boats
and Specid Operation Forces support. It is difficult for conventiona ships to
meet the desired package of requirements necessary to accomplish many of these
missons. Desired capabilities include:

The agility to conduct extended operations a zero/loiter speeds, trandt
economicdly a 30+ knots but adso achieve high speed sprints of
approximately 50 knots.

Stahility at zero speed and superior seakeeping to sea State 4.

Improved range compared to existing ships and craft.

The ability to carry, launch and retrieve efficiently and safdy in rough sees
a vaiey of gsmndl mannedunmanned aerid, surface, and underweater
vehicles, idedlly, the craft would be helicopter capable.

SEAKEEPING REQUIREMENTS

Good peformance in a seaway is a prerequisite for speed. The specific
characteristics needed to achieve this performance ae  low damming, low added
resstance in waves, and low accelerations. Without good seskeeping at both high
and low gpeed, the peformance of a smdl warship intended to deploy
independently in al weather, keep daion with much larger vessdls and launch
and recover a variety of ar, surface and subsurface vehicles would be margind.
Current smal warships of about 1,000 tons displacement dart to experience

1



th

9" Naval Platform Technology Seminar 2003

damming a& sea date 4 when operating in head seas, smdler ships will experience
damming a even lower sea dates. Consequently al current smdl fast combatants
are sverdy limited by their seskeeping characteritics. Speed loss due to high
added resstance in waves, in part a consequence of poor seakeeping, degrades the
ship's misson effectiveness. Conversdly, good seskeeping characterigtics
yieding low mations and accderations will lead to improved operationd utility
and increased crew effectiveness.

LIFTING BODY TECHNOLOGY

All good ship desgns ae the result of a number of compromises. Neither
conventiond hull forms nor exising advanced maine vehides smultaneoudy
provide: 1) good low-speed motions, and 2) high-gpeed efficiency combined with
good motions. Among advanced marine vehicle types, smdl waterplane area twin
hull (SWATH) ships provide excdlent motions across ther speed range,
egpecidly a low and zero speed, but they ae inefficent & high speed.
Hydrofoils are very efficient a high speed and have excdlent motions while fail
borne, but they typicaly operate within a very narrow speed band, and they have
very poor motions characteristics while hull borne.

Navatek’s gpproach to solving this nava architect’'s dilemma has been to develop
hybrid solutions using its patented lifting body technology.

The fallowing definitions are useful in our discusson of this technology:

Lifting bodies. Lifting bodies are underwater agppendages with cambered foil
cross sections that generate dynamic lift at speed. They ae characterized by
ubgantiad volume, large planform areas, and low lift coefficents.  Fgure 1
shows two examples of Navatek-designed lifting bodies with struts.
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Figure 1 Two Examples of Patented NavatekLifting Bodies

Hybrid lifting body ships. These are ship desgns that combine a conventiona
paent hull form (monohull or multi-hull) with underwater displacement lifting
bodies. Figure 2 (following page) shows examples of two different hybrid lifting

body ships.
The potentia benefits offered by lifting bodies as part of a hybrid ship include:

Higher speed
Higher payload
Better seakeeping
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Figure 2 Hybrid Lifting Body Ships: MIDFOIL (top) and HYSWAC (bottom)

Higher Speed. By trandferring displacement volume from the parent hull to the
lifting body (or bodies), the wetted surface area of the parent hull is reduced, thus
reducing its friction drag.  The lifting body itsdf is desgned to be a
hydrodynamicdly efficent shgpe, with a high lift-to-drag ratio. A key
characteridtic of lifting bodies is the fact that because of ther rdativey short
length, they operate a a high Froude number (F, = V/OgL) and thus show very
littlte wave drag. Fgure 3, which shows a plot of wave making resstance vs.
Froude number, graphicdly illugrates this phenomenon. Lifting bodies may dso
lend themsdalves to the application of certain drag reduction technologies such as
polymer or micro bubble gection. An additional consequence of reduced drag is
that it results in better fud efficiency, trandating to longer range, increased
mission duration, and lower operating costs.
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Figure 3 Wave Resistance vs. Froude Number

Higher payload. For a given paent hull, lifting bodies provide added
digolacement and usesble volume. An exiging hull desgn will gain digplacement
compared to the origina, and the volume in the lifting body can be used for fud

3



th

9" Naval Platform Technology Seminar 2003

or propulson equipment. An integrated design, in which the ratio of displacement
in the parent hull to that in the lifting bodies is a desgn variddle, can rexult in a
gndler, shorter parent hull.  This in turn will reduce the powering requirements
and could dso potentidly result in a smdler dructurd weight fraction.  The
consequence of these effects is a larger payload fraction, which in turn trandates
to enhanced mission capabiilities, extended range, or some combination of both.

Better seakeeping. A pardld consequence of trandferring displacement volume
from the parent hull to the lifting body is reduced waerplane area, which directly
results in reduced wave excitation. This in turn leads to reduced motions across
the speed spectrum. At zero and low speeds, the passive damping characteristics
of lifting bodies, due to ther large added mass and viscous damping mechaniams,
result in ggnificantly reduced motions.  Test data from MIDFOIL trids, for
example, shows heave accelerations on the order of 0.05 g (rms) in sea date 4 at
zero peed. At higher speeds, the potentid for incorporating control surfaces into
the lifting bodies gives the posshility of adding dynamic control, resulting in even
further improvements in seekeeping.

DESIGN AND PREDICTIVE TOOLS

Navatek uses a portfolio of desgn and predictive tools in its lifting body research
and development program, including:

State- of-the-art computationa tools (CFD programs)
Smdl-scale modd tests

Large-scade mode tests/prototyping

Computational tools. The use of date-of-the-at computationd fluid dynamics
computer programs is a the heart of our lifting body research. Some of the tools
at our disposd indude

USAERO (AMI)—A commercidly avalable coupled potentid
flow/boundary layer time-domain Smulation program.

CFX (AEA Technology)—A commercidly avalable Reynolds-Averaged
Navier- Stokes (RANS) code for fully viscous flow solutions.

LAMP (SAIC)—A time-doman smulaion sysem for ship mation, wave
loads, and structural responses.

AEGIR (AnteontEngineering Technology Center)—A  potentid  flow,
Rankine boundary dement method for solving linear and nontlinear wave
flows in the time-domain.

Small-scale_ model tests  Recognizing the inherent limitations of computationd
methods, we dso employ limited smdl-scde modd testing in towing tanks and
recirculating water tunnd facilities. Given the lack of extensve corrdation data
between model scale and full scade for hybrid lifting body ships, our gpproach to
model testing has generdly been to use it as a means to vaidate our computer
tools. Prior to conducting a modd test, we use the CFD programs to predict the
model scade results, comparison with the data from the test runs then gives us
confidence that our predictions at full scae will be vaid aswell.
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Large-scale model tests/prototyping. A distinguishing feature of our research and
development program is our extensve use of large-scae models and prototypes.
Fgure 4 shows MIDFOIL configured to gather drag data on a large-scale test
body shape. We condder it essentid to the success of these ship designs to
demondrate them a a scde a which their features and benefits can be directly
experienced by potentid customers. Experimental data obtained from these larger
scale vessals aso provides further vaidation of our computationa tools.

Figure 4 MIDFOIL as Experimental Test Platform

Recent testing has included the twin-lifting body configuration shown in Figure 5.
The lifting bodies were insrumented to measure hydrodynamic pressures over
both upper and lower surfaces, and the main struts were instrumented to measure
lift and drag. Data reduction and andyss were ongoing at the time of this writing,
but preiminay results showed excdlent corrdation with CFD  predictions.
Additiondly, the peformence of the boat in terms of ride qudity and
controllability proved to be outstanding.

Figure 5 Lifting Body Testing on 7.5 LT Test Craft in Chesapeake Bay
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HULL FORM SELECTION AND INTEGRATION

Careful parent hull form sdection, for an integrated hybrid ship desgn, is
essentid if the full benefit of lifting body technology is to be redized. Saed
another way, the parent hull’s characteristics must complement those of the lifting
bodies to maximize the bendfits

Idedlly, the parent hull form would be able to take best advantage of the reduced
immerson provided by the transfer of buoyancy to the lifting bodies, discussed
ealier. As one illudration of this principle, Figure 6 shows smplified midships
sections for typicad round bilge and deep-V hull dedgns a two different
waterlines.  For both hull types as the immerson is reduced the wetted surface
area decreases. In the round bilge case, as the waerline shifts from WL; to WLy,
the effective beam remains essentidly congtant. In the deep-V case, shifting from
WL; to WL, produces a dgnificant change in the effective beam, resulting in an
increase in the effective length-to-beam ratio, further improving its resstance
characterigtics.

Round Bilge Deep-V
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W == S IS S - L2 VW s == - - - - L2

Figure 6 Hull Form Comparison

Other key parameters to congder when sdecting a parent hull form include low
damming and low added resistance in waves.

Our search for an gppropriate hull form to use as a bags for integrated hybrid ship
designs led us to congder the deep-V hull form developed in Europe by Erbil
Serter.  This hull form series demondrates dl the desred characteristics discussed
above, there is a large body of test data availdble, and there are a number of
internationdly fidded commercid and militay desgns in savice  Navaek's
parent company, Pecific Marine, is the exclusve U.S. licensee for the Serter hull
design.

Figure 7 Serter Deep-V Hull Form Model Test
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TECHNOLOGY DEMONSTRATORS

Navatek has built a number of vessels over the years that have served as
technology demondrators for its lifting body technology. The firg of these was
the MIDFOIL, a 65-foot, 50 LT boat initidly launched in 1998 and then modified

and re-launched in 2000. Figure 8 shows the two configurations.

Modified (right)

The origind configuration employed a thick two-dimensond foil fabricated of
duminum, with angled control fins incorporated into the forward floats. The
propulson sysem condsted of twin 1,000 hp diesd engines driving motor-
generators that in turn powered two eectric motors located in the foil; fixed-pitch
propellers provided thrust.

In the modified configuration a composte three-dimensond lifting body replaced
the origind foil, the angled fins were replaced with a centerline “T” fail, and the
eectric drive system was replaced with a conventiond mechanica drive tran
(“V” configured reduction gears in the man hulls and fixed-pitch propdlers). The
expected advantages of the lifting body over the two-dimensond foil incuded a)
improved drag, b) improved free surface wave characterigtics, ¢) improved
dability, and d) higher cavitation speeds, dl of which have been amply
demondirated during ongoing trids in Hawaiian weaters.

Current lifting body technology demondration projects in progress at Navatek
include the HYSWAC and the HDV-100'.

HYSWAC. This is the U.S. Navy's surface effect ship SES-200 (1X-515) (Figure
9) converted to a smal waerplane area configuration using Navatek’'s patented
lifing body technology (Figure 10); this project is funded through the Navy's
Office of Nava Research (ONR). The principa characteristics of HY SWAC are
providedin Table 1 (following page).
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Figure 10 HYSWAC

Length 160 ft (48.8 m)
Beam 430ft (13.1m)
Draft 18.5ft (5.6m)
Drull Load 2/0LT
Speed 30 knots
Installed horsepower 10,000 hp

Table 1 HYSWAC Principal Characteristics

Converson of SES-200 into HYSWAC involves, in pat, remova of the ar
cushion forward skirt, aft sed, lift fans and engines, and repowering the vessd.
Figure 11 shows SES-200 in dry dock, during which time the waterjet propulsors
were aso removed. Key features of the HY SWAC configuration include the main
lifting body, located roughly a midships and displacing 160 LT; an aft cross-fall,
located at the transom; a propulson sysem consigting of two 5,000 hp diesd
engines, two upper high-speed right angle gears, and two lower right
anglelreduction gears, traling edge flaps on the lifting body and on the &ft cross
foil; and an advanced ride control system that will dlow the vessd to “fly” in the
same fashion as a hydrofail.
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Figure 11 SES-200 in dry dock

The man objectives of the HY SWAC project are asfollows:

Demondrate the scaability of the lifting body ship concept.  With a lifting
body displacing 160 LT and a full load displacement of 270 LT, HYSWAC
represents a sgnificant scae-up from MIDFOIL.

Vdidate the predictive capability of our design and analyss tools. We
expect to gather a wedth of data on the performance of HYSWAC that
will further validate and help to refine our computationd tools.

Demondrate the producibility of a large lifting body with large sructura
loads. The lifting body is beng fabricated of marine-grade duminum
using conventiona congtruction techniques.

Demongrate the ability and controllability of the lifting body ship
concept.

Demongrate the superior seakeeping and motions characteristics of the
lifting body ship concept. We expect to show excelent zero-speed and
lown-speed motions due to the lifting body’s motion damping
characterigtics, and dso excelent motions a high speeds due to the
advanced ride control system.

Completion of the converson work is expected in late summer of 2003, with sea
tridsto follow immediately theregfter.

HDV-100'. This 100-foot, 98 LT technology demonsrator will be the first of our
new Hybrid Deep-V desgns based on the Seter Deep-V hull foom. The
configuration condsts of a degp-V monohull, a twin lifting body and cross fail
assembly aft, and a control foil forward. The lifting bodies will be scded-up
vesons of the test bodies shown in Fgure 5. Outriggers assst with datic
transverse dability and provide the attachment point for the lifting body dgruts.
Propulson condgs of four diesd engines driving a combinaion of surfacing
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propellers and a controllable pitch propeller. The design speed god is 50 knots.
Objectives for the boat include vdidation and demondration of the Serter hull
characteristics (reduced damming, low added resstance), and demongtration of
the  configuration's  dability, controllability, and  seekesping/motions
characterigtics.

Under condruction as of this writing, initidly the boat will serve as a research
plaform, to include demondration of a polymer gection friction drag reduction
system in the lifting bodies.  Ultimatey, we expect to outfit the boat as a
commercid passenger ferry, as shown in Fgure 12, and consequently we are
working closdy with the American Bureau of Shipping (ABS) on this project to
develop classfication rulesfor lifting body ships.
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Figure 12 HDV-100' in Passenger Ferry Configuration

CONCLUSION

Lifting bodies and hybrid lifting body ships are an emerging technology with an
exating potentid to offer sgnificantly improved performance for a wide range of
commercia and military applications.
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