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Rare

Rudders—
Rare to
Medium

For the fourth and final article in
our series on steering systems, we
look at high-lift rudders, articulated
flap rudders, fishtail rudders, and
steerable Kort nozzles—among
other relatively novel gear.

Author's Note: In Professional
BoatBuilder Nos, 95, 99 and 100 we
examined fairly standard equip-
ment, as follows: bow rudders are
sized; their form; determining rudder
and stock strenpth: installation con-
siderations; steering pear; and opti-
HHETHE DOV OriRance.

Oher the years, « nimber of inven
fars bave dreawmed up all sores of

fmproved” steering girmos, Some
af thase inventions were downright
silly, bur others—rhough they may
spemn peculicr—are worth a closer look

The Kitchen Rudder

A long ume ago, British admiral

John G.A. Kiichen sar down o create

a Bewer mudder. What he wanted was
vastly impeoved sieening an low speec
{for maneuvering and docking), plus
great simphiciy. The rudder he canwe
up with not only waorks, it completely
eliminates the need for a reverse gear
(Figures 1 and 2). The vear Kitchen's
patent was granted? 1916, You'd think

e —
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that if it was so good, we'd be
surrounded, in 2006, by Kitchen mud-
ders. Instead, they've been viroally
forgotten

The accompanving illustrations
show how a Kichen rudder is set op
Basicaily, it consists of two half-circles
(somewhar conically shaped) thait s
round the prop in a ring (oot unhke
the Kon nogedes seen on various ug
boats and rawiers today), Rather than
a single vertical rudder blade afe of
the prop, the entire ring rotaes in
unison o steer. This actually slightly
miproves wster flow inte and out af
the propeller disk, enhancing effi-
ciency a bit. You slow the vessel
down in the usual way, by cutting
back on the throtle. Bur, the Kichen
micdcler offers a remarkaldle option.

Each individual conical half-circle
vals aft and [ﬁﬂ{"ll'l{'.‘ 1o close upk
brehing the prop. Half closed, for
instance—without touching the
throgle—reflects about half the prop
thrust forevard {allowing the ather half

The Hilchen ruddar was patented in
1916 by Britizh agmiral John G.A.
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| Fig. 2
Rudderstack

Operation of the
Kitchen Rudder
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of the wash still o flow aft), and
effectively purs you in “neutral.” Fully
closed, and you have solid, reliable
reverse—Ffully steerable. What's more,
theres no unpredictabie “walk™ o
port or (o starboard. In reverse
mnde—at  dnrking  speed—ihe
Kitchen rmidder acts like a tree stem
thnster,

Beginning around 1917 and contin-
uing into the 1920s, the LL5. Navy
conducted trials on a 38° (11.6m}
launch fied with a Kitchen rudder.
The examiners reported thar ar 104
knots this vessel could be stopped in
just ong boat length. Incredibly, they
also reponed that the Kitchen rudcder
enabled this lunch 1o be wraed
around her own center—in other
wards, in place! You can't do beuer
than that for low-speed, close-guarters
maneuvering,

Just why the Kitchen mudder has
been almast completely forgotien

remains a mystery. Manufactured by
Kitchen's Reversing Rudder Company
Lid, of Liverpool, England, the
Kitchen rudder was exrensively
employed by the British and Canadian
navies before World War 11, and it
waon raves fram those who used it
Sales and marketing here in the
Stanes, though—under 1.5, Patent Mo,
1,186,210, dated 1916—were spoity.
The McMab Company—Ffrst of Bridge
port, Connecticut, and larer of
Yonkers, New York—held the Ameri-
can license, but despite successful
installations on evenvthing from out-
boaed boats o large ships, all waces
of Kitchen gear seem to have vanishec).

One possible difficulty is the sieer-
ing mechanism. The two halves of the
rugdder are steered in unison with a
more-or-less conventional tiller; but,
that tiller is iself & worm screw that
controls the closing and opening of
the two conical half-circles. This is
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MBSO FOV ITDroveD perrarimance
dunng low-speed maneuvering, It
consists of two conical halfcircies that
open and close on 8 vertical axs, The
phaotos in Figure 1 show the rudder
open (far left), closed {center), and
how the entire mechanism rotates for
furning (left). The drawings In Flgure 2
show the position of the propelir
ingide it enclosura, and how vesse
direction is reversad when Row from the
propeller is reflacted from the closed
rudder,

quite reliable, and appacently isn't
subject o failures; however, back in
1216 that setup required some com-
plex mechanical linkage o mn con-
rols up to a remote helm sation,
MNow, with modern hydraulics, such
contrats would be inexpensive (o
mstall, and pecfectly seliable, Tn Fac,
yvou would have one standard
hydraulic steering cylinder, and one
second half-circle closing (reversing)
hyelranlie eylinder—and a not-very-
powerful one ar that, If you installed a
Kitchen rig, vou'd have (o add the
cost of fabreating the rudder and
the second hydraulic cylinder. {You
could subtrac the substantial cost and
weight of a reverse gear, provided you
could get a reduction gear only.}
Youw'e also have effectively added—ar
no exica cost or weight—a complete
stern thruster for incredible maneu-
verability in harbor.

Mote that a Kitchen rudder 1sa't
suitzble for planing hulls or for most
boats cruising at move than 15 knots
or an, hecanse the exten deag from the
Kitchen rodder seould e oo much of
2 drawback,

Harrison Patent Rudder
Interestingly, there is another md-
der that shares a vague similariry with
the Kitchen rudder—ithe Harrison
patent rudder, Figure 3 shows a -
der that is a half-circle surrounding
the 1ap portion of the propeller.
Mounted on a single nudderstock, the
Harrison unit was fitted ro fase steam
launches many vears ago. [t worked
well, and gave slightly better water
fiow o and from the prop. Twin-
serew vessels somerimies installed o
quarter-circle Harrison nidders—onse
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“Fig. 3

Harrison Patent Rudder

' Fig. 4
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Steerable Nozzle Rudder

Figure 3—The Harrison patent rudder,
shown in profife and cross-section,

was installed on fast steam launches.
Flgure 4—A steerable Kort nozle, such
as thosa found on modern tughoals,
can bo fixed, with & rudder aft, or
rotated Lke the Kitchen rudder.

om the outhaard side of each rudder
This, oo, worked well, While effec-
ove and wath noting, the Haoison
patent rudder did nod. however, gen-
erate the broad army of advantages
that the Kirchen rudder did (and suli
does).

Note that a rudder very similar o
the Harrison can be found on some
surface-drive propeller installations,
where it has heen suceessful,

Steerable Kort Nozzles

A vapuely related type of ring-form
rideler is the steerabie Kort nozzle
{Figure 4). This is the standard Kot
aoxzle commonly installed on tugs
and trawlers to increase low-speed
thrust. In a wpical instailation, the
nozzle's position 18 fixed, with 2 red-
der immediately behind it The alier-
native, Rowever, 2 10 do away with
the rudcler and rocate the nozzle iself,
just as the Kitchen crudder is steered
Usuzlly, one, ar a pair, of fixed “rud-
der® blades will be bolied 1w the aft
end of the nozzle, which wrn along
with the rotating nozzle o further
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enlunce steening. This does mot give
the reversing effect of the Kitchen
nudder, but it does give very positive
sieering response. You ged the addi-
tional low-speed thrust (higher bol-
lard pull) of the Kort noezle, which a
Kitchen rudder does not create,

High-Lift Rudders

Standard airfoil-section rudders
stall, and therefore stop gencrating
effective lift at mdder angles of 33 or
more. There are ways o modify the
standard airfoil-section shape o
induce the rudder blade o create use-
ful lift (ourning side forced at higher
angles. This can be a fixed shape that
doesn't change. The wpe is often
called a fshiil mudder {technically, a
Bbydrodyngamic fishtail roddery: or, it
can be g muelder Brred with 3 movalle
Nap or other variable geametry—an
articalaied wdder, Fishrail high-lift
rrdders are also called fived-gecmetry
Bigh=lift rudders. The Kichen rudder
is amiculzeed, byt it isn in the form
of a “hlade” and so falls into a cate-
gory of its own, In fact, the amiculated
nudders discussed here are more pre-
cisely wermed anticulied fap rudders.
Al such high-lift rudders can be
thought of as “propeller siipsiream
diverters,” since they get their low-
speed, high-angle lift by radically
changing the direction of the slip-
SIrEam.

The MacLear Thistle Rudder

A good example of a Ashoul rudder
is the Maclear Thistle mdder (Flgure
50 A much more recent development
than the Kitchen or Harrison ruclders,

it was invented by the late Frank
Maclear, president and chief naval
architect of the Arma Maclear & Harris
Inc. {New York Ciy)=—where | once
workeed. MacLear had set owur to
improve low-speed maneuvering in
close-quarters conditions, as well as
1o enhance steering responsée at
speed,

As sioied, almost all ordinary nid-
ders are ineffective when the helm is
put over more than 35° port or star-
board. Turn a nomal rucder Farther
than thart and i just aces like an
unpredictable brake. It can even cre-
are eddies that throw the stern abow
randomly. But what if you could twm
the helm over more=—say, 40°=—ind
s5till get conrrolled, positive helm
response? Reasoning it through,
Maclear came up with a new rudder-
section shape. AS yvou can see in
Figure 6, it sts off far and rounded,
swells out as it runs aft, then fines
down al the mecldle, and=—ar the very
end—Iflares out again. Indeed, the
shape is much like the bulb of a this
tle, hence the name. The shnpc iz
essentially a standard airfoil rodder
section fNared out in a fishiail at the
trailing edpge.

Whar does all this shaping accom-
plish? At normal croising speeed the
rudder doesnt change vessel perfor-
nunce much, though i does incrense
steering response shightly ar small
course-keeping helm angles. But, dur-
ing low-speed maneuvers, you can
mrn the Maclear Thistbe nodder over
as much as 40°. Warer flow is puided
around the leading edge and midsec-
tion by the rudder's section shape;

| Fig. 5

Optional endpla Lf:_.znl

LU g 7 6

1 gy

MacLear Thistle Rudder Sections

5 4 3 2 1050

Figure 5—When viewed from above, the shape of the Maclear Thistle rudder
resembles that of & fish; fat 5t the leading edge, tapering to a thin cross-section
BO#-00% of the distance aft, and then flaring ai the trailing edge or “tail.”
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Figure 5—Developed by the late naval
architect Frank MacLear, his thistie
shaped rudder improves lowspeed boat
handling. A singular feature is its ability
to turn 40° port and starboard—or
aboul 5% more than corventional
rudiders,

then, the flared-our end makes water
flow continue o do useful work ar
the higher angle. The result is a rud-
der thar acrs like a stern (hrusger,
allowing very tight turns at low
speed. Another plus: the MacLear
Thisile rudder's irailing edges can be
made of aluminum plare, and—
optionally—left open and not welded
at the mailing edge. These are pre-
curved, pretty much as yvou see in the
drawing; hemeever, you can adjust them
with Vise-Grip phers, bending them in
ar aut, either evenly from iop fo boi-
wm, oF o varying degrees from top
o botwom and differently pont and
starboard. The rather clever zcdvantape
of this is thar you can adjust the Aare-
aul on each side by frial and error
until your Boacs handhing s exactly
predictable and exacily as vou want
it. Having worked an the design of
several boats Fitked with a MacLear
Thistle rudder, 1 can awest that o per-
farms exactly as adverisecd

Figure 5 shows the section propor-
tions (along with the opiionzl endplawes),
and the table gives the half-breacdihs
as a percent of chord, and the tip
radii. Mote that as the center of pres-
sure 1% a bt forther aft on the MocLear
Thistle rudder, the ruddersiock is at
2006 chord, giving 200 balance.

Trying the
MacLear Thistle Rudder

On larger vessels, the entire rudder
18 usually Fabricated from aluminum
or steel. For smaller crafr, you can
make the forward three-quarters w
seven-cighths of the midder hlade in
the customary way, with a stainless
steel or bronze stock through 2 ool
or Aberglass blade, Add the flared-ou
radng edges of simply curved alu-
minum piate, ket in flush 1w the hadly
of the rudder blade. You can retrofit
almest any stanclard rudder installation

G4 Proressional BoaTBUILDER
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MacLear Thistle Rudder

this way. Even at the normal range
(35° hard over), si8ering is more pre-
cise and predictable. The anly
impravement I've made o the
MacLear Thistle rudder is—where
possible—to add endplates over the
wop and bouom of the entire rudder,
These are fastened to the body of the
rudder blade but project alt over
the curved flared ends, cither
attached or unatached. In this way
vou still have the endplate effect at
the trailing edge, while retaining
adjustability, Such endplates improve
the MacLear Thistle rudders already
excellent helm response.,

Thistle Steering

A MacLear Thistle rudder gives
unusually poaitive ateering, and my
office has installed them on most of
our single-screw displacement cruis-
ers, Though vou can twrn the MacLear
Thistle rudder over io 40, all the
irstallations [ve done have gone only
to the normal 33° At speed, some-
what less rudder angle is needed o
get the same course correciion you'd
achieve with a standard rudder.
During low-speed maneuvenng, these
midders really shine, Steering response
is crsp and predictable. You can very
quickly kick ihe stern af your boat
around o exactly where vou want 2.

Here's what the skipper of onc of
my clesigns, fmagine, had to say
about her handling with the MacLeas

https://pbbackissues.advanced-pub.com/?issuelD=102&pagelD=63

MacLear Thistle Rudder
Foil Thickness Dimensions

Half-Breadth as a Parcant
of Chord

%chod || "Giode  Eddplate
Tip Radius 2676 1249 |
5.00 390 9.995
1000 s3s3 12240
20,00 B.424 12,955
3000 6a 13347
w000 6103 13337
50.00 5.532 12.938
50.00 4.675 12,219
T0.00 3.746 11.248
SO0 o SO0 o, CUROOS
S0.00 1.785 8826
10000 2860 6676 |
Tip Radius A 8.030

Thistle madder, in just his first week
with the boag:

“Fmapine 15 doing wonderfully! To
date, nw strongest impression is how
easily she handles in close quarters.
We've been staying ar guaint, bug
small, marinas that are quite challeng-
ing for even a mwin-screw (0 maney-
ver in. Two pights ago [ was forced to
dock stern=o. | gave the harbormasier
my length and he asked for my beam.
I replied, 14 feet & inches [4.4m], and
he said, "Great. o that case, you can
stay because | have one slip left with
16-foor [4.9m] widih.” And then he
told me | would have to fallow
marina custem and dock sterps-1o
I had 20 people waiching, and 1
backed in with one try=—without
using the bow thruster. The response
[ gor from the avdience mnged from:

Fig, 7 2

Figure 7=The Gerrdpsigned, single-
screw motoryacht Imagine is ftled with
a MacLear Thistle rudder. Note the
endplates top and battom.
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Wou must have been handling her
several years” o Yep, 1 can always
tell when a boat has fwin screws.'
Meediess to say, I'm fatered. fmagine
backs down quite straight with very
litdle prop walk.”

Well, fmagine is single screw. Her
Thistle rudder has endplates top and
Irotom, as you can see i Figure 7,
but it was seét up only for the standard
35® hard over, The one drawback o
getting larger rudder angles is that the
hydraulic steering pear needs o be
somewhat customized (o acComimo-
diate the added ravel.

Other Fishtail Rudders
Hydrodynamic fishtail rudders are
commercially available for large ves-
sels from companies such as Becker
(whose Schilling Rudder may predage
the MacLear Thistle), Ulstein, and
others. Many of these mdders have
propofionately falter sections (éven
bulbous sections), with more balance
and a more blunt, rounded leading
edge than the MacLear Thistle. Such
rudders are optimized for even better
response at still higher rudder

Professional BoatBuilder - 102 - Aug-Sep 2006

angles—as much as 63 hard over.
Primarily intended for ships, these
iarge-balance, fater-section fishiail
rudders pay a slightly higher penalty
in drag ar small yudder angles for
nearly true stern-thrusteér response
during manguvenng,

For both fishiail and articulated fAap
rudders, rudder-blade balance as high
as 40% has been employed, with 33%
common. That means the rudder pro-
jects forward of the nuddersiock more
than on a standare balanced rueder
aclequate clearance musr be checked
and may require modifications on a
retrafit, This greater-balance feature
is also one cause of sometimes
problematic steening on high-speed
boats with aniculated midders.

Sizing Fishtail Rudders

The MaeLear Thistle rudder, with
20% balance as indicated, should be
sized according fo the standard rud-
der area formula; however, many
companies size fishtail rudders {and
articulated flap mdders) as rectangles,
with their height slighily greater
than propeller diameter, and chord

hetween 70% and 80% of propeller
diameter. This should give good
results so long as the propeller size
and installation are within the normal
range for a vessel of the type it's
dhriving.

Fishtail Flat-Plate Rudders
Eaclier, in Pan 1 (PBE No. 98, page
763, 1 described the general construc-
tionn of Mat-plate modders. Though flat-
plate rudders are acceprable, they
give less steering response and create
mowe wrbalence than any other rud-
der type. Flat-plate rudders are really
8L A COST-Saving oplion,
Mevertheless, there is a way 1o get
flat-plate rmudders (o perform bener,
and that is 1o weld a fisheail o the
railing edge. This s especially effec-
tive when done in conjuncion with end-
plates, There are a few advantages: the
fisheail increases rudder response at
higher angles than a standard fla-
plate mdder could funcrion ar, and
slightly improves course-keeping,
low-angle ndder response. The end-
plare increases the lift genemted from
a given rudder area (as it does with

Orca

66 Professtonal BoarBuiDer
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Fig. &
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Fishtail Flat-Plate Rudder Section

Rudderstock

any rudder foil form). At the same
time, Both the fishtail and the end-
plates are fabricated of flar plates
themselves, simply welded onto the
flat-plate rudder blade, and so con-
SMICHION TEMAing iNExXpensive.

Such fishrail Mar-plare mdders are
really appropriate only for displace-
ment vessels, since the additional
drag of the flar-plate fisheail and
endplates is too great al planing
speeds.

Figure 8§ shows a section through a2
ypical Aat-plate mdder with fishtail
and endplates, courtesy of naval
architect Charles Neville. The flat-
plate blade thickness is deteernined by
applying the formula for flat-plate
rudders given earlier (PBB MNo. 28,
page B8), as are the siffeners and the
stiffener spacing. Allernatively, you
can install multiple endplates as
stiffeners all along the height af
the mdder blade (at the calculated

Figure 8—Flat-plate rudders are not as
effective as shaped ones, but welding 8
fishtall to the trailing edge shghtly
improves cowrse-Keeping and rugdder
response at high angles.

stiffener spacing); endpiates, though,
are required only au the op and bot-
o of the blade.

Mote that where the MacLear
Thistle rudder has the ruddersiock at
20%% of chord, the Mat-plate fisheail
rudder has the stock even farther
back—at 24% of chord. This can be
done only with angled fishmil plares
installecl. If they are not, then such high
balance (abour 24%) will cause the
steering problems described earlier.

By designing and molding a common

843-394-3565

B Averne

transducer pocket into every hull, you
control the ultimate lransducer location,
Maore importantly, your customers
consistently obtain the level of running
performance that you've built your
reputation on!

| Vertcal beam provides
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with Airmar
B260 transducer

Contact us lor moge Information on
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Airrnar B744V wilh adapler
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Enclplate thickness = 75% of rudder
blade thicknegss

Angled fishtail plate thickness = S0%
of madder hlade thickness

Articulated Flap Rudders

I'm partial o the MacLear Thistle
rudder and related Nishiail rudders
hecause they are more effective—For
displacement hulls—than conven-
tioml rudders, and also very simple
o moving paris. Even sa, with aric-
ulated ruchders, aka armiculared fap
michders, it's possible w0 getl even more
steering effect during low.speed
manguvering, and more pronounced
stern-thruster effect (as good as Lthe
Kitchen medder's, but without reverse).,

What are articulated (lap rudders?
They're rudders thai, rather than
being one piece, have one or more
movable flaps o increase effective-
ness at high rudder angles, at low
speed, (Some versions also have ot
ing drums at their leading edges.) These
systems can be quite rugped. IF yvou
don't mind a bt more complexity and
you have a displacement vessel tha
reuires very precise handling ag low

Professional BoatBuilder - 102 - Aug-Sep 2006
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Figure 8—Articulated flap rudders first appeared in the 1890s. A modern example
i5 this wnil manufactured by Deflector Marine, viewed from the side, fumed hard to
starboard, Figure 10—The Deflector rudder on cenlerling, wewed from astern,
Operation of the fap is aulomatic. Figure 11—This drawing shows range of

motron—di* Fw me msm rudn'er Q‘G* far Ihe I'Iap

speed, then an amiculated rudder may
be the answer.

Ariculated rudders can be installed
on fast hoats, but that akes careful
engincering and setup. An example af
this was a commercial vessel, Te
Kouma, selected by the Roval New
Zealane Yacht Squaclqon. This was a
25-knot boat, and the following,
excerpied from Professional Skipper

magazine {Jan./Feb. 2004), is a rypical
experience for higher-speed erali:

“Te Koumea was onginally foed
with an articulared rudder for low-
speed manoeuveability. Bur this
feaure proved o be unimanagealble,
ereating very ough steenng on the
hydraulics once she was up 1o
her cruising speed. Had power steer
ing been installed, this would not
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have been a problem. In rying 1o
combal the siff steering probiem, lwel
removed the ariculator amachment o
the rudder. On subsequent sea ials
this has removed all the stiffness
fremy the rudder operation, while
maintining good manoewveability at
high speed, with liule difference in
her low=specd manoeuvrabilioy.”

Mote thar the maling-edge flap on
anticulated rudders moves the center
of pressare considerably aft, For this
reason, most such amiculaed nedders
have well aver 24% balance—an
unaccepable value for standard md-
ders. Balance as high as 40% can be
employed, with 353% common, The
high balance may be a contributing
cause (o potential probems for arcu-
Iated rudders at high speed, though
they can usually be twveaked o work.
Ii's noi clear that the extra cost and
complexity of an articulated rudder
make sense on a typical rwin-screw
planing hull, which has good maneu-
verability at low speed via backing-
and-forthing the oppasing propellers.

The idea behind articulated rud-
ders is not new; indeed, these mdders

Professional BoatBuilder - 102 - Aug-Sep 2006

have been around, in one form or
another, since the 1890s. Because nd-
ders are foils that generate lift in Auvid
flow, aniculated mudders are properdy
termed  variable-geametry  fails.
They've appeared on boats as well as
on airplanes. Some of the hest-known
manufaciurers of amiculated marine
rudders are: Rolls-Royvcoe/Ulstein
Hinze, Becker Marine Sysiems {the
Becker rudder), Warsils, Van der Velden
Marine Systems’ Barke rucder, and
Jastram; the laner offers not only anic-
ulated fap rucders buor ruckders with
rotating crums built into their leading
edges. The companies named above
manufactere nedelers prmarily for ships.

The Deflector Rudder

A US.-made articulated rudder is
fabricated by Deflecior Marine
Rudder, of Naselle, Washingion.
Figure 9 shows a side view of the
Deflector rudder in a siarhoard marn;
and Figure 10 shows the midder dead
center. The basic workings of the
rudder are auvtomatic and require no
external power to move the flap;
that's accomplished by the geometry

Fig. 11
Deflector Marine Rudder
in Dead Ahead and
Hard Starboard
High
pressure |

I ey,

)

Actian slat -
Pivot pin-

et
O

Hinge pin —

DNFLIC Ti3% MAAMINY

of the flap linkage and pivor location
alone. Like most MNap rudders, the
Deflector amiculares o a toral of 90°,
The main/foraard rudder Blade swings
o 45%, and the railing-edge flap
swings bo reice thai: 90° (Figure 11).
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Flgure 12—The Jastram Rotor rudder is
an example of & double fxed geometry
high-lift rudder, featurng fishtails and
emdplates, Such rudders do not sial as
eary as conventional rudders; but, a
diffarantial mechanism is reguired
because the inboard and outboard
rudders must tum At differant angias.

Double Fixed-Geometry
High-Lift Rudder

Yer another nedder configuranon i
the double fixed-peometry high-lift
rudder (Figure 12). I consiss of mwo
halanced rudders (usually Ashiail re-
ders} with endplates acting in unison
behind a single propeller. Although
the twin rudders trn in together, they
oy 50 by means of differential sieep-
ing, similar to Ackermann steering,
desenbed 0 Part 3, {PBB No. 100,
page 92, Thus, the rudder inboard on
the wrn 1rRs 10 a greater angle

Professional BoatBuilder - 102 - Aug-Sep 2006

Fig. 12

Double Fixed-Geometry High-Lift Rudders

than the outhoard rudder. Researchers
have found that these mndem-action
rudders can mirn effectively as much
as 75 on the inboard-turn rudder and
55°% on the outboard,

Variations of this cnnﬁgur.‘llinn have
been seen on vessels for vears, Recent
compuier-controlled rudder systems
enalile the ariculation of twin rudders
behingd a single propelier, in the same
or appoasite directions, and at varying
angles, wath independem bt related
control. The result is handling similar
@ the Kichen rudder; however, the
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Kirchen rudder doesn’t require any
computer controller (o generate the
correct combinanon of mcdder angles
needed for a twin-rudder seup
(Figure 13),

The Jastram Rotor Rudder
and T-Rudder

Rudders begin 1o stall at surpris-
ingly small angles of attack. By
building in a hydraulically driven
roetating dram, fush with and forming
the leading edge of the rudder, Aow
separation can be greatly delayed
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Astern

Astern to port
“clamshell”

JASTRAM] CAMMATAL LW

Stern to port

Double Fixed-Geometry High-Lift Rudders with Variable Independent Rotation

Ahead

Rotate to starboard

Flgure 13—A double fived.geometry highJift rudder with variable independent retation must be computer contralled,

Such rudders genarally are dasigned for ships rather than far boats.

and, therefore, so s stall. That @ssen-
tially means the sudder can he effec-
tive ar higher angles (well over 43°).
Jastram manufaciures a version it calls
the Rotor Rudedler. Even greater nuclder
angles can ke achieved by adding an
articulated flap to the tmiling cdge
combined with the rotar at the lead-
ing edge—Jasteam’s T-Rudder, which
i5 truly equal 1o a powerful stern
thmstier.

As noted, the Jastram midders, the
Becker, and the Barke rudders are
largely manufactured in sizes appro-
priate for ships; they're genecally not
suitable for boats. If you're looking
fer an articulated rudder for small
cralt, the Deflector fills the bill, Ir's
a good option for a designer or
yvard seeking the maximum possible
rudder response for low-speed
MATHELVETIAE,

Comparing Fishtail
and Articulated Rudders
{Flap Rudders)

Bot fishead and amiculaved eudders
have the same goal: to improve
steering response. 1s one bener than
the other? No. As with so many things,
it's a matter of rade-offs. Rudder
function can bhe divided ino rwo
meles of aperation: course-keeping
and maneuvering. We'll rake a look ar
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the pluses and minuses of each type
af redder in each mode of operation.

Course-Kegping, When running at
normal speed, the purpose of the
rudder is to keep the vessel on
course—rgighly defined as holding a
straight course more than 93% of the
time with minimum radder action
and minimum rudder drag. Course
corrections will be small and should
he positive and immediate. CGcca-
sional pronounced changes of heading
may be required, but these are done
gradually (compared 1o low-speed
maneuvering) and, again, minimal
rudder angle and rudder drag are
optimal. With the correct mudder and
steering gear installed, almost all
course-keeping rucder angles will be
less than 107, with infrequent use of
15* helm for pronounced changes in
heading. Seventy percent o 80% of
the ne, rodder angles duning course-
keeping will be 5% or less.

The optimal characteristics can
be summarized as follows:

+ good lift'drag ravio for minimum fuel
CoOnsumMpLion;

Professional BoatBuilder - 102 - Aug-Sep 2006

= minimum drag with rudder at or
close 1o zerg angle, for minimum fuel
Consumplion;

+ gracual and steady increase of Kt ar
low 10 moderate helm angles. If the
siope of the lilt curve is o0 steep, it
will result in oversicer. Qversteering
then resulis in an added small reverse
course cormection, which is hared on the
helmsman or the autopilat, cavsimng
acdditional drag and increased fuel
CONSUT PR,

The lift/drag ratio at helm angles up
0 107 is similar for both oypes of mud-
ders. Since the flap an a fap rudder
moves o twice the mudder angle, the
lift/drag ratio is a hit more than a fish-
il rodder an angles greater than 5%,
Because the flap angle continues 1o
be double the main rudder angle, it
is more likely 1o generate oversteer
reaction at cruising speed, pamicularly
ar higher speeds.

The conclusion? A fishiail rudeer
holds a slight advamage over aniculaved
or flap rudders in course-keeping.

Manervering. Al low speed in close
quarters—such as during docking,

anchoring, precise station-keeping,
and the like—large, quick, accurate
changes in course aré required,

The optimal charactenstics for
maneuvering can be summarized
A

o maximum [ift coefficient vegardless
of drag. Fugl economy is not a factor.
Arel

* the capability to redirect fllow from
the propeller slipsiream 1o the maxi-
mum angle possible, and o ger as
close 1o vue stern-thruster response
as practical,

At maimum rudder angles, the
articulated flap rudder produces
about ™ 10 94 mere lift than a fish-
tail rudder. Articulated flap rudders
typically have a total rudder angle
of 90* (45% main hlade, 90% flap),
Thus they work at near perpendicu-
lar to the slipstream. Fishtail rudders
vary from 40* for the MacLear
Thistle rudder to as much as 65° for
the fawer-section ruclders such as the
Schilling. Fishiail rudders cover up
to 03% of the slipstream, while the
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articulated fap rodder will cover
almost S04,

Maote that both fisheail and flap
rudclers usualiv have greater balance
than standard balanced redders. In
light of the above then, an aricu
lated flap rudcer will be somewhat
more effective for maneuvering,

Summary. Both the fishuail and
aniculated flap rudders will provide
a pronounced improvemeént in
steering response, The fishtail rud-
der would generally e the best all-
around rudder, as i has no moving
parts and less drag during course-
keeping (95% of operation for most
vessels), while at the same time giving
significant benefits in maneuvering.

Articulated flap rudders provide
the maximum low-speed maneaver-
ing response. For vessels thar wiil
be docking repeatedly in difficul
conditions, or that have very pre-
cise station-keeping requirements,
or that have considerable windage
(making them difficult to handlie),
then articulated fap redders offer a
slight edge over fishiail mdders.
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There is, though, one important
cxception: When goang astern, sticu-
tated flap rudders stall eadier even
than conventional rudders, Thar's
because the flap—at twice the main
rudder blade angle—aalls quickly in
stermvay conditions.

sull, the difference between the
two rudder types isn't grear, and
both aceomplish nearly the same
resulis,

A Hierarchy of High-Lift
Rudders?

Can we create 1 hecarchy of high-
lift rudders, based on the relative
size of the wrning circle they make
possible at maneuvering speed?
Sure. The list below is arranged in
order from [argest wrning circle 1o
tightest terning circle. Bear in mingd
there are many varkibles in the rud-
der installation and in the boat itself,
so whar follows is, ar best, a rough
Buide:

« MacLear Thisile madder
# Schilling rudder and amiculated fap
rudder

= Rotor-rudder and double fixed-
geametry unison rudders

+ T-rudder (Rotor-rudder with articu-
lated flap), Kichen rudder, double
fixed-geomeiry variable-control
rudders

Again, broadly speaking, the eon-
plexity and cost of the rudder
increases as the wraing circle
decreases. All of these rucdder sys-
rems pravide dramarically smaller
wirning circles and greater low-speed
contral than standard rudders on
displacement vessels, AT

About the Author: In addition fo
serving as director of Westlawn
Institute of Marine Technology,
Dave Gerr maintains bis fong-
standing design practice (Gerr
Mavrine) based in New York City,
whose projects include sail and
power, monohulls and multibulls,
yachts and commercial vessels. He
s the author of Propeller Hand-
book, The Elements of Boat
ftrength, and The MNare of Boats,
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