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Twin Keel Yachts-~Development Over 45 Years

by The Rt.Hon.Lord Riverdale,D.L.,J.P.(Associate])

SUMMARY: In 1822-24, the possibility of twin keels was explored and mode] tests made. A small yacht was designed,

bullt and tested. The findings are presented.

In the period 1936-29, a much larger twin keel yacht was developed after more extensive experiments with two medels.
Comments on the design and performance of this yacht are given.

Between 1947-80, there was an astonishing proliferation of twin keel and bilge keel yacht types. This development and

some of these deslgne are reviewed,

In 1981, ﬂn :utl':}r P:I"l‘pi.‘l!‘ld a new dllign. attempting to apply the kmw]:ﬂlc gained. In collaboratign

miles of truh:inl between 1063~ u'r

owes i = _'”“'HI' \fim:'l!

During 1958-86, Johg Lewis developed twin keel model racing yachts and did other experimental work. This work is
examined. R

Between 19582-88, Southampton University conducted & Lank test programme on models of a large yacht with various

appenddages. Reference is made 10 these tesua,

In 1986-87, new information and techniques made possible comparisons additional io the 1963 test data.
An attempt ia made to assess present kmowledge of twin keel yachts, indicate possible experimental work and forecast

the potential field for this type of yacht,

INTRODUCTION

I-lﬂidt ppeA or that centurles of deu-lupmmt
had p 2 nn:thlr :.'ltirnluvu or Keel SPpH

Bai

vious disadvaninges. possible use eels. ONE oh
Imn‘:ﬁ']mul and to have attractive advantages
for a cruising yachtaman. So far as the author could discover,
bowevar,the form bad not been explored at all. Bilge kesls
had been confined to their use as anti-rolling devites and.
even i inllrEﬂ and associated with sail, Eﬂ nal been other
than additional to conventional hull designs.

It was posaible that twin keels might have inherent drawbacks.
even when applied to n yacht designed specifically with thelr

incorporation in view,and only the building and sailing of such
& craft would settle this polnt. One thing seemed clear tg the

author. & ?_‘_l%}_ﬁsﬂ_ahﬂ twin keels could.and should. involve
a Iruh approach to an mtugﬂfad' conception wh;;;d !!!E!

and that I;he conception of twin, and probably
d-uﬂh-d rudder structures is a logical extension. Subsequent
experience more than fulfilled the early hopes Jor the success
of incorporating both these principles Ln a practical yacht.

The a%ﬂtﬂpmg twin keeled craft has

alway en e clear objective of producing cruls-
chts, malnly for his own requiremeats, which placeg
emphasis on all-round gualities rather than obtasning the high-

eat possible speed for racing. The development process has

been limited by financlal considerntions which may have had
the virtue of keaping the vartous rmltlng prl:ljll':’f.i realistie,
Finally.the appr hag
encouraged {ree th E

In the present paper, some aspecis of the history of twin keeled
craft.as illustrated by the author's experience with the type.
are presented and these are amplified whenever possible by
informatien from olher scurces and from other workers in the
lield.

Al this polat it is convenient to define a dl.n‘nlnu between
bilge k>els and twin keels. since &lon.,
In The presen? paper &e are defined as fnll-m.rl.

The Twin K invoives no centre kee! and has the con-
strutiion arranged so that the main ballast is carried on or in
the two kaels. It may have single or twin rudders.

1 I retains a centre keel which carries the
Lk ol the ballast. The construction may be conventional, with
some strengthening lo take the bilge keels. and in practice
invariably has a single rudder.

HISTORY OF TWIN KEELED CRAFT

'"Blueblrd'—~The First Twin Keeled Yacht 1923-24

The [irst design study for a (win keeled yacht revealed no
serious difficulties and.as a preliminary to full size ullding,
two models were constructed. one of them a conventicnal
single keel control. Simple towing tests, upright and heeled,
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© TWIN KEEL YACHTS—DEVELOPMENT OVER 4 YEARS

Fig.1. "Blueblrd' 1924

--and simple free sailing tests all supported the feasibilily of
~ the new concept and revealed nothing adverse. In ret ct,
5

g
the teats were crude. They were valuable never

An a result of the study 1 design was completed for 2 small
crulsing yacht 25 ft.L.O.A. (Fig. 1. Table 1). The objective for

. this design was a seakeeping crulser, not a mere estuary
cruiser, and this small yacht was built by the author as an all
amateur job in 1923-24. In locking back there was littla
wrong with this hull. although It may seem a little unusual to-
day with the Albert Strange cance stern,the uprighl stem and
the fine bow. This early design incorporated an axireme

angle of PI.MML detached twin spads
rudders, tted surface penalty, and keels toed-in 21.".
E?ura asymmetricgl.

e88.

Tha ballast

I the Iight ter knowledge, the design tended to be on the
extreme side and after cruising experlence was gained with
this emall yacht 3 good dea] more was known. aspects not con-
gidered in the original conception had emerged and some ques-
tions wers posed to which thers were no answers at that date.
All these points are briefly commented on below.

Deslgn Objactivas Attained
{a) Shallow draught and ability to take the ground upright could
eould be combined with seakeeping qualities.

(b} Adequate structural stability could be achleved with a
deslgn incorporating twin keels (5 rigs.d engines and 45
yaars later this yacht is still sound and in commission).

Discovered

{a) Abilityto sail off after touching bottom (due to deeper
draoght when heeled than when uprightl.

(b) Ability to sail with the weather keel and rudder alrborne
with no detriment.

{c) Abllity to contirue sailing and under control with ability
to go about or gybe when over-powered and heeled to the
point where the sails loae all drive.

{d} With the two rodders disconnected, Tull control was
achieved with the leeward rudder only. The weather rud-
der feathered ilself.

(e} Far better sell-steering qualities than expected with an
unbalanced hull.

{f) Speed and performance good with suf{icient wind.

Bubjects for Speculation

) The performance under power was good. Was this due to
a good propeller location which was not sheltered by a
keel appendage?

2 L '7e.5 ¢

(b} The impression was gmﬂ that the yacht had much more
power lo carry sall than expected. Why was this?

(e} The light weather performance was poor. Why was this?

Bad Features of the Design

(a). As a practical consideration, it was not good to have keels
and rudders projecting beyond the hull when lying along-
side guays, etc.

(b Theye was difficulty in containing or removing bilge
water because there was no reverse turn in the bilge.

'Buttercup’ and other yachts of the 1920"s
The next serbous attempt to develop a twin keel yacht after

the 1024 "Bluebird’ was "Buttercup', designed by Roberi Clarke.

This was similar In aize and purpose to the author's first
"Bluebird’. The twin keels were nearly vertical.located {airly
far and very thick.but of a higher aspect ratio than
those on 'Bluebird’ and were combined with a large skeg and
single rudder. The author discussed this design with Robert
Clarke and the then owner. The rudder area had to be increas-
ed considerably after the early trials to provide adequate ¢on-
trol. The reporta on performance were encouraging although

a marked and possibly undesirable feature was 1 visible secon-
dary wave developed by the keels at speed.

The only other example of a twin keeled yacht, known to the
author in the 1920's, was a small American type of shallow
draught hull with large vertical paralle] flat wooden keels and
single rudder. This was 'Akista’ which was built by an ama-
teur in England. It was repated 10 go well although the author
saw a photograph in which the rodder had lost all coatact and
was alrborne as well as the weather keel.

The First "Bloebird of Thorne' -1938- 1939

Continuing the story in chronclogical order, in 1936 the auvthor
designed a larger twin keel yacht for his own use. Two models
48 In.long at % oth scale were built. Towing tests by balance
beam, (Fig. 15) both upright and heeled. were cted and

both models were iree sailed. The resyliant worked up design
Henira, a A To 1

was almo p FRT T centre 1.
This was only included to facilltate the containment of ballast,
bilge waler and tanks and to permit taking the ground on three
points. This deaign was therafore intermediate between the
bilge keel and the twin keel type. It was completely balanced,
maintaining ¢ourse at varlous angles of heel with minimum
attention. The keels were parallel to the centre ling and at

[V



TABLE I Records of Four Yachla

‘BLUEBIRD" "BLUEBIRD OF THORNE' CURLEW OF WALNEY' "BLUEGIRD OF THORNE'
1924 {Mow "Invecsanda’) 1954 1963
Sull sailing 1967 Stil aalling 1967 Still Sailing 1967 In Commission 1967
Deslgned, built and Designed by ihe author. Deslygned, partially ballt Designed by Arthur Robb and
originally owned by the Pullt Richard Dunsion Lid., and owned by K. D. Flather. the asthor in collaboration
author Thorne, under the author's  Some collaboration with the Built Richard Dunston Lid.,
supervision. In his owner-  author Thorne.
ship for 20 years
Wood construction Steel hull Wood construction Steel hull
L. 0. A. a5 ft. 48 It. 28 ft. 6 In. 50 1t.
L. W. L. 22 ft. (Later made upto 39 (. 24 1. 40 .
24 L. lo measure [oF
R.OR.C. rating
B m_.__...__fn In. 11 ft. 8 :.u._.u in. 12 1.
d - wpright 2L % in 41L91n 2119 In. 5 fl. 4%, in.
- heeled IfN%in 6 It. 6 in. 41t 6 1.9 in.
Displacement 3 tons 18Y, tons [+ crulsing 41, toms 15 lons datam (+ 2 lone
-nlm.. disposable loud)
Thames Mewsurement 4% tons 181 tona & tons 21 tons
Sall Area 250 »q. ft. (varlous rigs $50 8q. ft. working 325 aq. 1. 950 aq. ft. working
from 200 to 300)
Power Varicus 4 bhp Inbcard or 20 bhp. 1000 rpm. B bhp. Stuart Turner 42 bhp. 1500 rpm
Outboard Gardner Dieael 2L2 Petrol. Direct u.___.,n Reduction. Gardner
Originally C-P feathering C-P feathering Fized Propelier whmlu_ Mu..m.!-n,._.ﬂ.ﬁﬁﬁ
Ler propetler ng
propel ] C-P feathering propeller
Twin keels, aymmalcical ela, very similar Tw as iﬂiinu—
_ reamling mn:.E In cast ebird' of 1924 Iyt carrying
7 sieel, comprising two- uuﬁﬂﬁhr Cast Lrom __H-.H..E....ﬂﬂ.s.n._l
N a.T thirds of ballast, connecled with lead bulbs 1500 1b. than *Inversanda’. 19%*
in asymmetrical lead balbs. to twin rudder structure, each. Keels almost to vertlcal, slightly
_. Wide from centre line nnd also symmetrical stream- greater aspect ratlo.
?L_n ¢ at 3 to vertical, -line. The whole paral . 25° Toed-in alightly, 1%,".
\ Projecting outmide Bull to wide o vertical. Twin rudders. Tank -.!_E E_Eﬂ and
\Mﬁmm..._. beam, Small lead shoe spaced but withim hall Very similar 10 'Bluebird’ e rydders
added on centre line of beam and al 25° to 1824, and alino flat plate
hull later. Twin wertical. Remaiming type. Taking ground on :
detached rudder structures. baliast is lead within twin keels only. uﬂ_...n !:_ H_.En-_.-. detached
Flat steel plate. Slightly vestigial stub cenire bulge. from keels and alighlly
balanced rudders with Taking ground on three toed-in. Rudders not
asmall skegs, parallel to polints, centre bulge and ulanced. Taking ground
centre line. twin keels. on lwin keels only.
Note: Since altered a8 .
result of damage to one akn.qﬂ
similar rudder on centra
Kine, located furthar aft.. ;
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Fig. 3. '"Bluebird of Thorne', 1039

25" to the vertical and connected lo the rudder structares as
shown in the lines plan of Fig. 2.

. Btasl construction was adopted, partly for ease in dealing with

the stresses involved, and partly to facilitate alteration should
this be required. To some extent the design was Influenced by
the financial riak invelved,

The author salled this yacht from 1939 to 1961, covering per-
haps 40,000 cailes, and she was.and is.a good crulsing machine
with ceriain limitations. Outstanding good features were sea-
keaping and beayy weather qualities, salety, balance and direc-
tional with an adequate behaviour in strong wind.

' The speed was poor in light winds., Manoesuvrability at slow

speeds under power was also poor.

‘Curlew of Waloey'

In 1952-1964, K. D. Flather designed and built 'Curlew of Wal-
ney' an endeavour in which the author had a "walking-on part'.
This yacht, detalls of which are given in Table 1, was very
slmilar 1o, but & somewhat enlarged, 'Blusbird® of 1824, The

main difference from the latter ¢raft was that folls of
LEymm ] » MO precise tesls or
1 n be reported other than a satisfactory record simi-

lar to the firat "Bluebird’ in characteristics,

'Atalanta’
An watirely [resh approach of considerable merit appeared
with the 24 ft. W.L. 'Atalanta” design by Uffa Fox. This was

for production in hot moulded ply by Fairey Marine, by whom
numbers were produced and sold. The craft kad

beaching and sasy trailing possible, com-
od with good seakeeping qualities. Steering was with a
drop rudder, & device which must be mechanically robust in
& craft the size of the "Atalanta’.

The performance of this craft was acceptable and the class is

still popular.

—_—
By Looog’

J. Lanrent Glles designed 'Sopraning' in which Colin Mudie
made an Atkantie passage. This was almost a dinghy form hull
with fin keal, the best known example of this general type
being 'Trekka® in which Joha Guzzwell sailed round the world
klngle-handed. For Dr.Wells Coates, Jack Giles produced a
design of this same type but almost 10 ft. longer with a 30 [t.
L.0.A. and fitted with unusual twin keals. Dr. Wells Coates
lncreased or reduced
ation in C.L.R. This was achiev
unusual three blade opposed fan form. No results regurding the
the usefulness of this arrangement are available as the yacht

- ora of simultansous experiments wi
<gatirely unconventional rig) The aperaticn of The Keels was

" i g
resalved.

i

The yacht subsequently came Into the hands of Group Captain
J.H.Reynolds who applied a conventional rig. faired in the
keels in the reiracted form and found be had & useful yacht ag
i result of these changes. Dissatisfled with the steering char-
acteristics with a single narrow drop blade rudder, and after
discussion with the author, he designed and applied twin rud-
ders with an asymmetrical Clarke Y. H. section. He reported
an !mprovement in steering qual'ties and sailing performance
ar a result. Thus asymmetric rudder § have been tested
with success in ba

quired to car -
dertake the stesr & function.

‘Transit*

In 1882-63, Laurent Glles and Partners designed "Transit' for
Raobert Pretty. This was a large high~powered motor saller
type. She hard'y [its the series of designs under review, but is
mentioned because of her large size, details of which are given
in the following table and because she was intanded to sail well
despite being » motor sailer,

The dealgn was also interesting In that it was the first twin
keel craft to be tested at the Etevens Instilyte Test Tank in the
U.5.A.

Length Overall 54 1t.

Load Waler Line 43 ft.

Beam 14 ft. 11 im,
Draught Sft. 3 in.
Ball Area 0950 5q.11.
Power 2 x 50 B.H.P.

Thames Measurement 43 tons

It is underslocd that i.'ﬂ'alll.tlﬂmu_dlﬁmnﬁ_nz; With
modified keels at different angles, the design was re-tested
and-a more satisfactory result zmerged. It is believed that

reasonable sailing performance was obtained with g slight
toe-out of the keels, but at some penalty under power.

The keels are of low aspect ratio with a moderate thickness/
therd ratio. They are parallel to the centre=line and slightly
angled to the vertical. The hull has the form. centre keel and
rudder typical of a full displacement hull of moderate speed.
When salling. the yacht has to contend with the drag of two
slern gland chocks. shafts and 'A' brackets. The two sizeable
propellers are, however, lully featharing.

The owner is satisfied with the sailing performance of this
yacht, which is reported to be betier than expected. and the
craft is understood to ba extremely comfortable. seakindly and
easily handled at sea.

Prolleration of Design and Public Interest

By the end of the early 1960's, manv professional vacht de-
signers had produced bilge keel vachts. Classes of small

o



utllity eruisers ol this tyvpe were proliferating. with examples
appearing ih many countries including France. Australia, New

Zealand and South Africa. There had. hawever. been cur usls
tittle velopment in U.S.A.and mwsﬁg;_mun has
ralla] experlim

revedled no t6 lp that country,

By this time, the number of twin and bilge keel yachts sold to
the public could be numbered in thousands. Year by year the
gxamples of this type of yacht shown at the Boat Show increas-
ed in nombers unttl they became a significant proportion. A
guestionnalre by a large organisation Lo establish the type
most {avoured {or chartering produced the astonishing resull
af nearly 60°, in (avour of "bDilge keels'.

Most of the examples of twin keeled yachts without centre keel
retained & large skeg amounting almost to a centre keel al-
though the author's sxparience and experiments conducted by
John A.Lewis.a well-known desigrner in the model yache field.
suggest thut this 1s onnecessary. Some designs have appeared
which are more sophisticated and olfer a better performance
prospect with attention 1o foil form. root lairing and keel place-
ment. The author does not know an example with other than &
slngle rudder.

Some of these small vachls were somewhat crude.and many
might be eritirised as unlikely to have engugh power to carry
gail and were not likely to have a high performance although
on the credit side, several of these have crossed the Atlantic
and one sailed to England from Singapore.

As & {wnal ncte on the futire for larger crait of the type.
thur Robb has a des misgion for a 53 [1. twin keel

Arthur Robb has a design commisgion for a 33 1.

yacht. This is likely to be tank tested, Four of this design
aré almost ¢certaln e puilt and will be rather dilferent Ln
eharacteristics {rom "Bluebird of Thaiae'.

Another yacht,again difering from "Bluebird of Thorne', bv

TWIN KEEL YACHTS—DEVELOPMENT OVER 45 YEARS

another designer and about 45 {1.length overall,is also pro-
bable. Fram the interest and enquiries that are coming up
from many countries.it seems likely that other large yachts of
this type will be appearing over the next year or ao.

THE DESIGN AND PERFORMANCE OF A SECOND
'"BLUEBIRD OF THORNE'—1861-1068

Deslign

It will be clear (rom what has been saild that when the author
came [0 consider a new yacht for himsell in 1881, the simation
was very different {rom when the [irst atternpt in the field was
made during 1024, In the intervening period between the two
designs.the whole science of tank testing sailing yachts had
come inio being and the earlier "Bluebirds' had, between them,
glven many thousands of miles of full scale experience with
the type of crafl.

Both these latter potnts were taken into account when consid-
ering how the new design should be carried cut.

Witk rezard to the basic shape of the new craft, Fig. 1 shows
i5 relatively narrow; sing -

heved AT & Tazge
draught yacht of tiin keel type. It was hoped than an adequate
perlormance could be achieved without necessarily entering
the performance realm ol the ocean racing yachts and it was
as an insurance agalnst failure in this respect that tank teats
were carried out.

It was further felt that the {inal design should take account of
the [act that any cruising yacht that does not do most of its
normal sailing at less than 20° angle of heel L hardly [it to
live in, and it should be remembered that the wide cceans
produce seas which are apt to give an additional 10° of heel in
the beeware lurch.

Fig. 3. "Bluebird of Thorne', 1963

SKEG & RUDDER B —

SINGLE FIN-RUODER—
Fig.4. Sketch comparison




TWIN KEEL YACHTS—DEVELOPMENT OVER 45 YEARS

With the foregoing and many other conslderations in mind a
design was prepared by the author for & 30 [t. yacht. From this
point, the design was worked up by Arthur C.Robb, in ¢ollabo-
ration with the author. The process wis an interesting and re-
warding axarclse.

As mentioned urlier.muhmwim-
ted by tank tests and two features of these were ol pa !
Tereal. Firgl It wag poasible 10 LSl a new design against a
similar twin keel type, ad been crulsad for twenty
rmlﬁ'ﬁﬁﬂmd all ia performance and behavlour
charicteristics were known 8o that an immediate priactical
correlation was available between the model and full scale
régime. Secondly, it had transpired that the ygder-waler cance
#! of the new design was fortuitously almost [dent to
omie; .L., 2 well-known and successeful ocean racer

designed by ATthur Robb, which was R.O.R.C,Champlon, Class
I in 1954,

The tests on the old and new "Bluebird of Thorne' showed the
preliminary deslgn study [or the latter 1o have favourable per-
formance and the programme was extended Into a limited in-
vestigation of keel and rudder configurations, the effect of dif-
fering attitodes of keals and finally, comparison with an identi-
cal hull with single keel. Dynamic rolling tests were also
carried out. A measure of research was thus achleved and

this was extended by further tank work in 1987, The resul

“WNBMMH‘
for® piven in some detail in the dis which follows.”

The model experiment data presanted are confined to those
ibat were obtalned with the new 'Bluebird of Thorne' hull,
since the performance of the 1830 design was obtained merely
as a yardstick by which the former cralt would be Judged. In
this respect It may be sald, at once,that a gratifying improve-
ment was obtained.

Two alternative twin keel m:&:?)unm were mvestigated and
B

these were designated "A* an .%]E&E'Ew
‘A" design differed by

satisfaclgry and is shown In
having the greatest thickness T%, further forward and had a

sharp leading edge. Two twin vrudder alternatives were alsc
evaluated and these were similarly designated 'A’ and 'B'.

e again. 1 was the "B" form shown in this diagram.which
was the most satisfactory. The 'A" rudder was a symmelrical
foil, with sharp leading and trailing edges. The greatest thick-
ness was approximately al the rudder stock. The single fin
configuration as shown was derived {rom ‘Uomie’. All the

tests, including those on the single finned version, were evalua-

ted for one diaplacement and V.C.G. position.

Table 11 shows the physical data for all the tested crafl, in-
cluding the 1939 "Bluebird 5f Thorne'. Table LI gives a key

TABLE I Comparison of Full Scale Physleal Dala. Model Scale 1/12th

New design for
"Bluehbird of

The same canoe body
with single {in and rudder

'Bluebird of Thorne'

Thorne'® as bullt 1963 derived from '"Uomie’ 1939
Displacement. 15'007 tons. 16-007 tons. 17-17 tons.
L.O.A. Hull. 50-26 ft. 90 26 I, 5066 [t.
Flotation W.L. 40°51 L. 40:51 f. 3800 f1.
Designed W. L. 40:00 ft, 40,00 ft. 300 {1,
Maximnm Beam. 12-08 . 12:09 fr. 11-82 .
Maximum Draueht. 305 1. T-85 i, 06 .
¥.C G.below D.W.L. 0-254 I, 0234 f1. 1400 #1.
Sall Area. 1101 sq. 1. 1101 sg.ft 1107 sq. 0t
Bratic Weatted Area. 2563 sq. [t 324 2 sq. N1, 634-T6 sq. (1.
Longitedinal Position of
C.of E.aft of stem. 16-30 It. 16-30 . 18-00 ft.
Vertical position of
C.of E.above D.W.L, 20-90 It. 20:90 f1. 18-70 It.

TABLE I Model Conflqurations and Comparisons

———

Speed made good Lo

Keel Coniicurations Rudders and Skegs  windward (VMG) Upright speed
at true wind speed with 500 [b of
Deseription Type Toe-into CL. Type Toe-inioe CL. (TS5 of 15 knots thrust
A z A. 2 47 71
B. ¥ A, 2 47 68
New design for B. & B. 2 419 T4
"Bluebird of ;
mm'|. 1963, 7 B ]': B. 2 -0 7-2
B. =l B. 3 47 70
B. 1, B. 2 30 73
v Interpalation
Hull as above. Single fin Derived from Removed 47 73
Similar '"Uomie’ & rudder *Uomie’
'Bluebird of Thorne' As on 'Bluebird of Thor.. . 1939, i3 g8

1934,

f

7

ccke _ chanp lencl,

adgey

to be



and explanation of e various 1983 configurations. together
with a briel tabulation of their elfect on performance. It will
be seen from this that all versions of the new design were
supeTior to the ortganal 'Bluebird of Thorne'.

Al zration in the angle of toe-in (or out) of the keels. had 2
marsed effect on windward ab:lllt} and some effect on angle af
heel, The type "B" keels, toed was the best of the con-

rl;rht ﬂp-I'Ed-
Table III shows that the twi

the singl. keel design was handicapped in these tests as at
full seale 1t would have had a lower ¥V.C.G.and this would un-
doubtedly have improved the performance,

No test was made with toe-in of the rudder
assemblies since the C would have been small and the
results already ohtained were accepled as satisfactory.

Prnotographs showing the [low patterns [or Lhe besl of the test-
ef configurations were oblained. These showed reasonably
cigan flow under all the examined conditlons. with the excep-
tion of ventilation on the upper surface of the windward <eel at
the rather extreme heel angle of 30°, This is illustrated in
Fig. 5. The reason for the ventilation becomes plain from
Fig.6 which shows that,under these conditions, the ntersec-

tion of the kee! and hull comes clear of the local water surfacze.

Fig. 5. Flow test at 30" heel, 52 knots of new design.
Keels—1.°, rudders—2". Toe-ln.

Fig. 6. Surface view at 30" heel, 82 knots of new design.
Keels—'2*, rudders—2°. Toe-in

TWIN KEEL YACHTS-DEVELOGPMENT OVER 43 YEARS

The author wanted to investigate, by means of modael tests, any
possible dynamic roll-yaw inleraction induced by the powerful
twin rudders, since in a cruising yacht it is important to mini-
mise the discomlort of any synchronous or excessiva rolling
over long periods. A mechanism was therefore devised which
would give a rudder rate adjustable from 3°7* to 25* par second
full scale. With a hard-over position 30" to central,the maxi-
mum rate simulated & helm owcillatlon of 2+4 seconds betwaen
hard-a=-starboard and hard-a=port. The roll angies obtained In
tests with this apparatus are plotted in Fig.7 and show the

: i
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Fig. 7. Variatdon of max. angle of roll with speed

maximum value it was possible to produce with periodic m-
plication of port and starboard rudder at any given spaed. It
was concluded {rom the data that no appreciable reinforce-
ment of roll would take place. However,these tests had to ba
carried oul in smooth water without the excltation effects of
waves m:q- the effect of sails which could be either damping or
exciting.

It is of interest to examine the characteristics for tha best ol
the conligurations in more detail and Fig. 8 shows the complete
upright resistance ¢urves, both for the best twin keel version
and for the aingle fin configuration. It will be noted that the
resistance differences are relatively amall and become in-
significant over the operational speed range. Fig.9 shows the
elfect of sail area changes on the speed made good to wind-
wiard. The sail area was changed [rom the modest design
value of 1100 sq.It.to 1550 sq.f1. 50 that subsequent compari-
sons could be made with other yachts. Tha gafl areas shown

under the heading of Actual S8ail Area in the sail data of Fig. 9
are larger than those which would be carried in practice by
'"Bluebird of Thorne® 1983, in the higher wind strengths. In
lighter winds, sail areas of the order of those given in the
upper righthand corner of Fig.® would be used.

The corresponding beel angles and leeway angles for the data
of Fig.9 are shown in Figs.10 and 11. It is interesting 1o note
that change of sail area produces a large change of heel angle
but oaly a relatively small change In performance as shown in
Fig.9. This suggests that the origlnal modest sall area was
well chosen for crutsing parposas.

Fig. 12 compares the close hauled performance of the best twin
keel yacht with a wide range of odean racers under standardis-
ed conditions. This figure shows that although at Low wind
speeds the twin keel craft 1o not as fast as yachis

q
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designed for ocean racing, at the higher wind strengths the per-
formance becomes comparable if an appropriate choice of sail

area is made, This proba €
kmawn to make _Ee times under st winds. The
JOW SAil Areas a eel craft can be Illustrated by plot-

ting sail area against load water line, and this has been done
in Fig 13. It will be seen that the design sail area of 1101 sq. fu
is 35% less than might be expected for an ccean racing yacht

of the same length
Fig. 14 shows the E.H.P.appropriate 1o speeds [rom 3 Lo ]

knots. Assuming & propulsive co-ellicient of O3 and an engine

TWIN KEEL YACHTS=DEVELOPMENT OVER 45 YEARS
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Fig. 14. VYariation of E.H.P. with apeed. New design as built

Fig. 13. Towing tests by balance beam. Models "Blusbird of
Thorne', 1939 and 'Blusblrd of Tharne', 1963

capable af 40 8.h.p.a satisfactory performance was Indicated.
The actual trials speed achleved i3 discussed later.

The yacht model was also run up to tha full scale squivalent

of 134, knots. No readings were taken bat no groas alteration
of trim or excessive waive {ormation was cbeerved. Sobse-
quéntly, the suthor also conducted & whole serles of model

runa to obtain a photographic record of wave lormations at
fast. medium and slow speeds, both heeled 15° and 307, a8 well
aw upright. Bow and quarter photographs of sach case wars
taken and a typlcal axampls is shown In Flg. 15. The runs
wire made with the models of the original "Blusbird of Thorne'

»
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and the new design on 2 balance beam using 2 s&nsitive trout
rod Lo provids a lowing epring.

The acthor also carried out experiments on both models to
investigete aspects of grounding, stability, docking and other
practical points to ensure that the yacht was not likely Lo
cauae trouble in any respect. As a matter of interest, it was
found by ealculation that the moment to unbalance the yacht
longitedinally when beached was 132, 700 Lb ft. This 18 equiva-
lent to & load of 7,218 lb positioned at the stem.

CONCLUSION FROM THE TANK TEST PROGRAMME

1. Animprovement over the old "Bluebird of Thorne' of the
order of 15% had been obtained. (The author and Lhe de-
gigner, Arthur Robb, hiad hardly dared 10 hope for as
rach as this).

2. The yacht could compare with good normal yachts, par-
ticularly at higher wind speeds, well enough for her
eruising objectives.

3, MNothing adverse to seakeeping qualities or bzhaviour had
been obhserved,

Performance Under Sail

In the absance of an extensive racing programme which, In any
case, 1s far harder to assess full size than with models, it is
difficult to form an objective opinion of salling performance.
There is however, a statistical approach.

Over many years and many thousands of miles, the author had
found that the old 'Bluebird of Thorne' would cruise at an
average of 5 knots through the water. This included occasional
use of the engine and might Muctuate between 4-75 and 51
knots for many reasons. The new deslgn has now done aver
25, 000 eruising miles including two Atlantic crossings. Some
ofthis has been inthe Mediterranean area and should. perhaps.
be ignored because sailing conditions are so dilferent and the
previous 'Bluebird' did not cruise in these waters. The com-
parable figures with the new desigo are 55 to 8, averaging
5:75,an advance of about 15 ;. This almest exactly vindicates
the tank's assessment af the likely difference in performance
over the useful speed range when upright and also the predic-
ted differences in the close-hauled condition.

It is fortuitous that the power performance a5 used in practice
15 also up by about 15, from a little over € to 7 knots, though
with far more in reserve for the new design.

The 1963 "Bluebird of Thorne' was dalibarately designed [or
eruising purposes with a small and easily handled working
rig. She was found, in pracuice, 10 be powerful enough to carry
more sall and usually carries larger headsails until the wind
reaches force 5 (17-21 knots).

Fig. 16 shows "Bluebird of Thorae” was deliberately desicned iar
at force 5-6 119-25 knots). The actal sail area is 1225 sq. [1..
the angle of heel about 20-25° and the speed 7 ta B knols.

All this is in reasonable agreement with the data in Fig. 0.

There are aspects of the faregoing discussion of sailing per-
formance which may, perhaps, conilict with an oiten heard
ppinion that the way Lo demonsirate success in yacht design 18
to win races. This goal is beset with rating rales and res-
trictions. The welght of elfart and money directed to this end
has been quite overwhelming compared with that directed to
cruising types and some undesirable distortions have appear-
ed. It is not true that the best ocean racer makes the best
erulser, but racing has improved the breed of salling yachts
generally and if is apparent that a fast crulser is better than
a slow cruiser. A fast hull can be detuned but a slow one will
not speed up, The author believes that a design should be pre-
pared (or cruising without regard to rating rules and, always
provided thal a good balance and seakesping qualities are
present, then the [aster the better. There 18 some irony in the

10

Fig. 186,

"Bluebird of Thorne', 1983 gailing on the wind

rasult, The first "Bloebird of Thorne' with a 3% 1. designed
L.w. L. rated a0 27 It. R.O.R.C. The second 'Bluebird of Thorne
with 2 designed L.W.L.of 40 ft. rates at 31-41 ft. R.O.R.C. These
ratings both seem advantageous although it would be wrong Lo
read too much into this since both were designed with modest
s2il areas and neither yacht has been raced.

An Atlartic passage in the north east trades emphasised the
importance of minimising rolling and agawn virdicated the
tank tests. Under ordinary (not gale or storm! conditlens,
the maimum roll recorded was about 20° with an average
period of ten seconds {or the complete port and starboard
moveaments. In all cases, the motion was very smooth wilh no
jerk or prolonged pause at maximum angle. These observa-
tiope were taken in a trade wind force 4-5 (14-19 knotg)! with
a normal ocean sea true to this wind, the yachr carrying twin
running sails but no fore and aft sail, and making perhaps &1,
knots, steering hersell with no more than 3° of rudder angle.

Performance Under Power

Under ideal conditions with 52 &.h.p., 6-3 knotg could just be
attained. Measured mile runs at 8-1 knots indicated 2 propul-
sive coefllicient of 0308,

For crussing, the best spead in practice settled down at T knots.
With normal displacement and normally clean hull this did not
use more than gne gallon par hour, and working the makers
s.h.p.data back through the e.h.p. speed curve again indicated a



a prepulsive coefliclent of 0-55. This confirmed the advantage
of a ¥V.P.propeller for this installation and also reflected the
very favourable propeller location with an absence of flow
tnterference {rom dead wood. The results obtained agree. in
general. with the engine makers' curves for r.p.m., power and
fuel consumplion.

While not strictly an aspect of the powered performance, It IS

interesting to note that. if when salling at T1,-8 knots with the
26 - diameter three blade propeller [ully feathered, the pro-

pelier i5 placed in the ahead pasition with the shaft stationary,
speed 18 reduced by about one knot. The galling handicap that
would be sufferad with a fixed propeller 18 obvious.

PRACTICAL DESIGN CONSIDERATIONS

There are 4 variety ol design considerations to be taken into
account when planning any craft. These range widely over
such fields as structure, seakeeping, steering, etc., and the twin
keel vacht ha: perhaps received less atteatlon and documenta-
tion than the more orthodox type in this respect. Because of
this, it seems of some value Lo discuss brielly a number of
these aspecis in Lhe light of the author's and others’

experii ce.

Structural Strength and Construetion

Circumstantial proal can be built up from the pasitives and
negatives over long pericds to Lhe point where statistical
probapility 1s sulficiently conclusive. The author has cruised
75,000 miles in three "Bluebirds’. The three yachls have
covered well over 100, 000 miles. Thelr combined life apan
adds up lo 70 years to date. So {ir as 18 Known. none have sul-
fered structural lailure or grievous harm by sea or land.

One could also cue 'Curlew of Walney', now 11 years old and
gatlec for perhaps 10, 000 miles. She has speat much of her
life taking the grourd every tide on a fairly rough and exposed
{oreshors without harm.

It would appear, therelore, that the twin keel type is inherently
gound, and fit to keep the sea U well designed and properly
constructed; further more, the maintenance need not e
pxcEzglve.

The design displacement of all these yachts was on the light
slde of conventional practice for sailing yachts. Structural
sirengths were not, therelore, obtlained by large scantlings or
welghty construction. The yachls wilh wooden construction
were double diagonal planking on longitudinal stringers with
light bent frames and local stiffening enly in way of keels,
mast and shrouds. The two steel yachts were nol substantially
duferent from rormal light steel construction for the size
involvad,

With the bilge kee!l tvpe,there may be a lendency to regird
stresses on the bilge keels as reduced because the centre keel
takes the weight and when taking the ground the bllge keels
only art as legs. This may be a dangerous [allacy. The
greatest stress migh' be caused when the yacht strikes a hard
bottcm a: maximum speed with a strong lee-golng tide. Con-
strucsinn shauld be adequate lor such a case. The evidence
suggests that this is not difflcult, since satisfactory cralt have
beer. puilt with wood in a variety of forms, iz steel and G.R.P.
Lign: alloy should present no abnormal problems.

Rudders

The attraction of simplicity and cost rest with the balanced
spade rudder. However,the avthor is convinced thal the
greater lolerance to stall of the skeg and flap type is neces-
gary (or full control under adverse conditions in a sea-way
and, with his present craft, would have adopted a convenlional.
slim, symmetrical Inil with maximum chord at the rudder
gtock, slightly rounded leading edge and feathered tralling edge.
Arthur Robb favoured the seml-wedge type based on other

TWIN KEEL YACHTS-DEVELOPMENT OVER 43 YEARS

experience. Had it not been [or the need to mairtain control
under power at low speeds. the rudder areas could probably
have been further reduced and the aspect ratio increased.

The author believes that the rudder assembly should absorb a
share of the lateral resistance, apart from the steering func-
tion, and for this reason each assambly in the 1963 'Bluebird
of Thorne' was glven a toe-in of 2* to simulate slight weather
helm on the lee rudder. This has proved satisfactory. A very
slight tremble develops, luckily at the not very damaging speed
af 24y knots and this may be due to slackness in bearings,
interaction of water {low or the linkage.

The question of Ackerman linkage between the rudders was
considered and regarded as possibly beneficlal but was not, in
facl, fitted. The Iree helm balance is good In the present crafl
50 that the decision appears 1o have been correct if not fully
tested nor necessarily the optimum,

John Lewis had tried a wedge section (blunt edge trailing)
rudder of very small area on models. Control wis satisfac-
tory, in fact quite fierce, but on high-speed down wind runs the
vibration was such that an audible note resulted which would
have been intolerable in a full size craft.

In view of the almost universal use of single rudders on twin
keeled cralt, the instance mentioned earlier may be quoted,
where "Fay Loong' was improved by conversion from single to
twin rodders. A cONtTary instance can also be quoted where,
owing to a collision, one of the 1524 "Bluebird' rudders was
damaged and her owner decided to cannibalise the parts into a
single rudder assembly further aft. This was reported as
being satisfactory, under normal conditions, but the author does
not know if this has been tested under exireme conditions. It
would appear, therefore, that no hard and fast rule can be laid
down regarding the number of rudders.

Ability to heave-to

With a cruising objective, the welfare of crew and ultimate
survival of a yacht may depend on its ability to heave=to in a
gale and on its behaviour in a storm when it 15 no longer pos-
sible to carry sall. Many modern, high=-performance yachta
appear 1o have lost the ability to heave=to and some exhibit
diffjculties in control in even moderate conditions. ALl the twin
keel yachts with which the author has been concarned will
heave-to well. All have been tested and have not failed in con-
trol, when running under very bad conditions, and ne dangerous
behaviour has been found. The new design withstood the stres-
ses of stormas, such as running under bare poles with warps
astern in wind force 11 (55-58 knots), after heaving-to under
sail in wind force # (41-47 knots), and under bare poles in wind
force 10 (48-85 knots). The wind force was substantiated by
L‘.E'Eglimgtmmrd records in Bermuda giving §5 knots, gusting
1o s,

Taking the Ground

In theary, it seems better w take the ground on three support
points. Most twin and bilge keel yachts have been so arranged.

The author's 1924 'Bluebird' took the ground on the keels only;
80 did 'Curlew of Walney'. Neither have come to harm. Both
tended to tilt forward until the hull took some load along ita
centreline (unlesa the keels bedded slightly). Neither have
{allen over in spite of grounding on very steep banks or gullies.

The lirst ‘Bluebird of Thorne' had an unusal form of thres
point support and was satisfactory. The new deslgn reverted to
a two point support on the keels. I, however,the ground Ls
taken intentionally, it I» either on & slip or hard, or it ls Likely
to be on ground which permiis the keels 10 bed until the ball
centre and/or rudder skegs share the load. No trouble in
grounding or slipping has keen sncountered with the 1083
'Bluebird of Thorne'.

1



TWIN KEEL YACHTS-DEVELOPMENT OVER 45 YEARS

Balance and Steering

With the "Bluebird' of 1824, the hull design was unbalanced and
carried weather helm as the result. For such a small yacht
this was probably correct, or at least advantageous. Neverthe-
less, this eraft coold be made to steer herself for hours and
never gave trodble although she carried congsiderable weather
helm when drivéen al maximum speed and well heeled,

The first 'Bluebird of Thorne' was quite different. The larger
kesl and rudder assemblies were symmetrical and Admiral
Turner's metacentric shell theory was in the air, Rel. 1. The
author found that the design was 30 nearly balanced that he
decided to complete the job and the design became a metacen=
trold with a straight line shelf. The keels and rudders were
parallel to the hull centreline and the result was directicral
stabllity and self=steering to an unusual degree.

The new 'Bluebird of Thorne' design was in this respect a
congcious attempt by the author to balance the hull with the
intention of subsequently introducing very slight unbalance 3o
&8 to put in & better feel and benelll performance. The resul-
tant craft has steering characteristics as intended and there
is no desire for change, Unbalance is sufficiently small that
wheel steering can be employed which is so highly geared
(1}, turns from full port to full starboard) that it is rarely
necessary Lo move the rim of the 27 in. wheel more than 1 {t.
to port and starboard, except for harbour manoeuvres, when il
is necassary to give ample helm to obtain propeller effect on
the rudders.

The twin keel type is inherently less lable to broach and this
may well be because the lever arm between the C.E. and the
centre of registance (longitudinal) is shorter when heeled than
with & comparahle single keel craft. Whatever the cause, there
is no doubt that a prafile, which by experience would be expect-
ed 10 produce wild stearing in o single keel destgn, may be
perfectly satisfactory with twin keels. This has been further
andorsed by John Lewis with free sailing models.

Wave Interaction betwesn Keels and Rudders

Observations of the test models when running in the 1ank and
of the full size vacni. both supoort the Idea that with twin keels
one mav, if lucky.avold detrimental effecte {rom wave intsr=
ference between the keels and rudders,and by this mearns and
the flow guiding effect of the weather Keel In particular.
lengthen the wave generated and push the cresis apart 5o that
high speed performance is improved. These polnts require
further studv. In the design of the 1843 'Bluebird of Thorne®,
the author has gained the impression that the Interference
effects are favourable rather than detrimental.

Keel Form snd Location

The twin keel yacht opens new possibilities in the choice of iin
geometry and location, Quite a few forms have been tried ang
thev all work—after a fashion. The somelimes poor existing
designs may lead 10 pessimism regarding the tvpe. This is

unjustified, however, since a study of ﬂuste keeled vachi de-
gsigns and their performance shows that raft
automatically satizfaciory marely becauvse ;ﬁ ineorporate a

Twin keels are unique in that they allow the use of asvmmetri-
cal sections, The temptation to use available data on aerofoils
is great and while fascinating, may be misleading. With low
agpecl ratios, unknown root and tip losses, the effects of waves
and the wide operating ranges of spéed and conditions, the
injudicious vse of wind nnel data obained for aircrafl 1ends
Lo be rather dangerous.

In choosing & section, it seems reasonable 10 suppose that the
thickness=chord ratio should be as small as possible commen=
surate with contzinment of the required ballast. There are
ather congiderations, however, and these are associated with
the diffieulties of sucecessfully marrving the chosen fin plan-

form. location, vertical angle and desired incidence to a given
12

hull. The last of these factors appears to be one of the most

siguiticant TR U QPSugIeT- T XOTF Y SERTOL, S 1€ Fas
i decls attempt an Improvement In performance by

setting the fins at some atiltude other than parallel with the
cenireline, o
Speed loge arising from sea-induced motions is likely o
increase the leeway angle beynnd what might be expected from,
say, tank tests, which provide calm water data only, Thus the
kesl attitude which §s suitable for calm waler may, at sea,
ingrease ils running attitude to one which is unacceptably cloze
to the stall. Whatever keel attitude 18 finally chosen, the de-
gigner should have borne in mind that the incident (low is pro-
bahly unlikely to ba aligned either with the track sailed or the
geomelric centre plane of the yacht. Cross flow, due to the
pregsure differences on the lee and windward sides of the
vaght, will distort the flow in a way which will probably be
dependent on whether a deep and carrow or shallow and broad
hull i3 used. Special care needs to be taken with asymmetric
sectjons since itheir 'no lift' attituds iz not coincident itk
their zero chordline sititude and they are thus that much
cloger to the stall even belore any toe=in is incorporated in

the design,

GENERAL MODEL RESEARCH

In recent years.the interest in full scale twin keeled craft has
been paralleled by model experiments of varying degrees of
technical sophistication. These have been aimed more at a
comparison of the absolute performance characteristics than
at the evaluation of a particular yvacht design and they are par-
ticularly interesting because of this.

Tank tests

Southampton Unlversity have sponsored tests on a hull fitted
with & range of alternative side force producing appendages
and this work, which was carried out in the tank at the British
Hovercralt Carporation, Cowes, wis completed in 1966. Early
in 1967, the author and Mr. Paul Spens of Scuthampton Univer-
sity discussed the findings of these tests and their possible
relationship 1o those obtained during the 'Eluebird of Thorne'
programme and mutually agreed that it would be a pity of
either set were treated in izolation as there was much (c be
learned by comparison and cross comment. A full report by
Southampton University will be available in due course and
the author therefare confines himself to brief remarks intend-
ed only to draw attention to points of interest un the work which
relates solely to twin keels.

The object of the Southampton University series of tests wag
to examine the relative merits of a centreboard, bilge keels
and leeboards when fitted as alternatives on a shallow draught
hull, The hull form cho
LW.L.des .an example of the X
Trr'ﬁd_;_mmmwhlch was proved most suc-
CesRiu popular, particelarly in the US.A., a8 a combined
cruigser and racer. In order to avold the complications which
would arise from simulianeous changes of the hull form and
appendages, the small central ballast Keel with single rudder
was retained for all the 1ests, and consequently the V.C.G,
remained constanl. On account of possible structural and other
complications it was decided that the bilge keals should not
eéxtend below the cenlral kesl. The draught was therefore pro-
portionately iess than that of "Bluebird of Thorne' and the
bilge Keels were of lower aspect ratio and correspondingly
less eflicient. They were svmmetrical foils of NACA &8, 006
section set at 25° to the v i
The experiment prograrme did not
the optim i

The addition of the bilge keels led 10 a large increase in the
resistance. This had a verv detrimental effect on the prediet-
ed windward performance in light winds. In fact, the speed
made good to windward calculated for such conditiors was only

X

x

X



Fig.17. 'Herald'. John Lewis's 10 rater model

Fig. 18. John Lewis with 'Herald" 10 rater model

of the arder of 4 ‘Sthe of that with the centreboard. On the
gther hand, it appeared that the bilge keel hull would heel less
irn strong winds than the centreboard version. Conseguently,
the bilge keels gave & predicted windward performance in
strong winds not much inferior to that with the centreboard.
It may well be that the resistance of the bilge keel hull ¢ould
have been reduced by judicious improvements of the form of
the keels, etc. On the other hand.there !5 the possibility that
when further work ls undertaken [t may smerge that the bilge
keel hull with a central ballagt keel is a configuration which
is assoclated with high resistance.

TWIN KEE!, YACHT=-DEVELOPMENT OVER 45 YEARS

Frae Salling Models

Col. C. E. Bowden is well known among amateur yacht resear-
chers and for several years was engiged in a series of experi-
ments conducted with free sailing wnd radio-controlied models,
He applied twin keels to a model hall of the shalisw. beamy
American centreboard tvpe and found that the sailing qualities
were good while the control and directional stability were so
satisfactory that this model became & control for comparison
with some of his experimental series.

Further cevelopment started in 1938 when Johr Lewis applied
his sucresafcl moce! vach: design experiesce to twin kesls in
the 10 rater class. He produced two designs. The [irst called
"Herald",:s shown in Figs 17 and 18. This was a round bilge
model 80 in. W.L., 301k displacement and had svmmetrical
gection keels with no toe-in. The second, called 'Moonstone

is described in Rel. 2. After considerable racing triats against
other models, John Lewis came o the following conclusions
regarding the use of twin keels:-

1. The weited surface of a twin keel deslen could be made
similar to that of a conventional single fin design.

2. Ko problems of control developed.

3. Twin Rudders did not work well. {The author {eels that
this may have been due to inadequate area or an excess
of mechanical Iriction in the operating mechantsm).

4. The best performance was not obtained with the largest
aspect ratio (3;1} Investigated.

3. When close hauled, the twin keeled craft had similar per-
formance to single finned cralt in stroang winds. The
latter type was the better in lght winds.

6. Off the wind, the digscrepancy between the two types of
yacht was less noticeable Ln light conditions.

T. A good twir keel model could glve the champion a good
ren for her money.

Thus, John Lewis had tried,in 2 short space of time, features
which would have been impracticable or cosily at full scale,

Nane of this work had any influence on the design of "Bluebird
of Thorne', which was already under way bafors this informa-
tion came to the author's knowledge, but it will be ¢lear that
much of the information galned from the free salling models
supports full scale spd tank test findings discussed earlier.

Al thig stage, both the author and John Lewis believed that very
conslderable further development wags poasible in the full size
yacht.,

In 1883, Colonel H.G. Hasler evolved the idea of u cheap, saally
congtructed, monohull, scean racing yncht with twin keels.
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Fig. 19. 'Logic’, John Lewis's 10 rater model f

This conception was developed, in conjunction with John Lewis.
who carried out much of the development work. This included
7 tt., 1/6th scale free sailing models, being the largest that
caild be handled and rélating 1o full size without too much
scale effect. Designs known as 'Dum Dum' and ‘Tum Tum'
resulted in the design of the full seale yacht "Sumner’. All
these were box shaped wood ply constructions with simple twin
keels, A description of "Sumner’ has appearad in the yachting
press but the design has not been releaged. No doubt more
will be heard of this vnusual yacht in the hands of the redoubt-
able Colnel "Blondie’ Hasler.

In 1965, John Lewis was impelled by the encouraging perior-
mance of "Samner's' test models to take a fresh departure, He
rerurned 1o the racing model and designe aler on a
modified *Suraner' conception. This wa$ 'Log Fig. 19. The
55 in.W.L.model had square body sections, 29 Ib displacernent
and asyminelric Keeis with no toe-In. It was purely fortuitpus
that, under The YUIE, the hul) proporiions ¢ame oot rather simi-
lar to ‘Sumner' but the requirements for V.C.G, resulted in
keels which were of appreciably higher aspect ratio, though
£till modest compared with the earlier ttptrim-nu. The keel

fnry%iy:mn aceidentally, The outboard
surfacé condormed with the curve of th! hull side p

the Thner curve of the keels w3 :
thick the finTor mechanical H.rengi . Thi Iteela were

( The performance of this eraft was sensational. Tt decisively
'mr&mmu!ﬁu windward and

the performance was mﬂillum The |

forie, rell.tlu performance still d!tlin!d bt
ata mun:-.h glower and regular rate. John Lewis, while ancour-
aged and pleased with these results. confessed to the author
that he almost wished that they had not been associated with
this form. It was clear that development and reflnement of
thig srill admittedly crude, though obvicusly eifective, hull form
and simple keels might be the breakthrough that he and the
author felt posaible.

FUTURE DEVELOFMENT OF TWIN KEELED CRAFT

The encouraging resulis obtained by John Lewis with his sail-
ing models indicates that the development process for the twin
bilge keel yacht s likely to continue with conslderable success
for a long time to come. In the detall sense, data are required
on the flow pattern over the hull in the location of keels, on the
proper choice of foe-in. on the best proportions of root [airings
and on configurations which discourage ventilation of the wind-
ward keel.

In the broader sense, there is 3 wide range of hull and keel
combinations yet Lo be explored and the author's speculation in
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Fig. 20. Untried configurations

this direction is illustrated by Fig. 20. Very briefly, the vari-
ous proposale are commented on below: -

1. Rather ke "Fay Loong' but with lifting plates inside the
keels. Twin toed=-in lifting plates located at the bilges
were tried successfully by the author with a friend's
salling canoe.

2.. This approaches the hydrofoil conception and would prob-
ably require hydraulic actuation. Differential operation
of the folls could provide a possible way 10 increase the
sail drive-displacement ratlo. Might go wrong in a big
11

1. This idea was tried in the 1890's with raters. The author
believes if was banned for racing but has discovered no
reference,
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I research on flow revealed a significan: difference in
the angle of incidence at the hull and at the tip of the fo:l.
ther, consideration might be given to a slight twist or
propeller form of foil.

John Lewis has knowledge that this prognathous keel form
has y 1L W
in some classes. This leaves a s on that this (and 3

might have shown promise of embarrassing success,

A shallow dracgat configuration in which high aspect ratio
is retained for the keels.

Flow-guidi=g. shallow folls might be worked into a sca
sled bow. The hollow mid-section could be tried and is
not necessarily confined to the shoal draught hulls. It was
emploved with Great Lake scows. was successiul and
banned from racing in consequence.

Trailing edge {laps on the keel, in conjunction with a
balanced spade rudder, have been applied successfully by
Van de Stadt. John Lewls and the author would like to try
the leading edee flap, possibly with a trailing edge flap
also. It would enable experiments Lo be made with flow
and angle of incidence under different conditions. I[nternal
hydraulic operation would be an effective methed of con-
trol. Forces on one flap could be made to balance those
on the other.

The area rule has probably beer tesied with single keel.
It could be tested with twin keels. It alters so many hull
factors that the resull 1s difficult to predict. Interesting

o Iy,

TWIN KEEL YACHTSDEVELODPMENT OVER 45 VEARS
CONCLUS. N

It mav be considered that twin keel and bilge keel vachis have
made a significant contribution 1o the naval architecture of
vachts. [t i3 not clear that this tvpe has established a paru-
cular or limited field, and the aothor considers that further
progress i& possible. John Lewls agrees, from his work with
moctels and full scale yachts, Arthur Robb has stared:- "In ten
or fifteen vears” time, many successful vachts of normal orm
may well be of twin keel type’.

The author's anly desire 15 to see the development of better
yachts, whatever form they may take.and to this end applv any
experience thalt he may have gained during forty-five vears
with his own twin keel vachts and any knowledge galned from
the experiments set out in this paper,

The author would Llike to thank all those who have. at various
times. and in various wavs helped him with the developments
gutlined and in the preparation of this pager. Some of these
are indicated in the text. bul the enthustasm of the whole ream
ar Cowes has been an eszential contribucion.
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