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INIROOOCI'ICN 

By the time this has been published, we will krlow whether the severe 
limitations of· the Wirral speedweek. course have made a difficult job 
impossible. I refer to the task of craft closing the speed gap viz a viz 
sailboards. '!be limitations of Wirral are the four feet water depth, the 
ba.nning of kiteroats due to the proximity of power lines, the thirty yards in 
which to pull up after a run, and wind isovents which only reach Weyroouth's 
average shore strength thirty miles out to sea (see New Scientist 27 May 1989 
page 63). 

One has to admit that there are many toat sailors who are not interested in 
sailboards, arx:1 •Jice versa. When this is ooupled with a speed oourse that is 
loaded against craft there is a powerful argument for holding a speed event 
for non-boards only. 'ttlat is, until craft can once again seriously rival the 
board's speeds, at which time the two can again cxxnpete toyether. 'nlere is no 
better place in Britain than Portland Haroour an:1 I state this fran local 
krlowledge - and local prejudice. I live there. 

QJr grateful thanks are due to Graene Ward for editing this publication, John 
cadley, a new CXJtltd tte member, for designing the oover, preparing the a.rb«:>rk 
arrl layout, Sanja SUlzmann, Cu:is Norris arx:1 Nonnan Cllamp for the printing, 
Ccmnander Ola~ for assisting with the centrespread speedweek. results, all 
those who contributed articles and especially to Mrs Ann Stock for typing the 
publication. 
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Report of the secorrl AYRS Speerl Sailing Symposium held at 
the Royal O::>rset Yacht Club Weyi!EUth September 1 988 

After a wel<:xJOO to all present a plea to the speakers to try to keep within 
their ten minute tiloo allowance, AYRS <llainnan Sir Reginald Bennett called 
the first of fifteen speakers. 

Erik Beale, one of the world's top spea:lsailors, outlined the main 
evolutionary trends in speed-l:xlard design in the years 1984 to the present. 
He emphasised the expotential curve of the rocker line and the IX>int that 
1 -2mn change in rocker can be felt by an experiencErl speedl:x:ard sailor, 
flatter rocker lines being in general faster within the constraints that 
water is not normally flat! other points of primary i.mp)rtance were: a flat 
tail profile allav~ed planing at lON angles of attack; minintun wettoo surface 
with a concave underside, to give an even pressure distribution across the 
board; a fin of about 1% of the sail area with a rnaxirmJm thickness 1 0% of 
clx>rd at the mid-chord position; concentration of the fin lift near the 
surface with lov; lift sections at the tip to mimimi.se rotational torque on 
the sailor's feet. The main question fran the floor was "why was a 
sailtoarder so fast cnnpared to present mats? Eric's reply was that the 
sailor is a major integral part of the system and is thus as responsive to 
rapid changes as it is p::>ssible to be. 

DAVID PELLY 

Erik Beale was followed by yachting journalist David Pelly who had sailed on 
"Blue Arrow" the foil stabilised America's CUp challenger. He described its 
features and sailing characteristics in relation to the design constraints of 
the America's Cllp ~ of Gift. '!be differential turning of the crossbeam and 
tile electronic artificial horizon system displaying heeling angle as well as 
foil georetry was of particular interest. Whilst not new in concept it 
probably leads the way in execution aboard such a craft. navid also said that 
the design was optimisErl for Force 2 arrl had exceederl 20 knots in 1 0 knots of 
wirrl, reaching and running being the rest fX)ints of sailing. David was 
certain ti1at a catarraran would have ooen superior to wirrlward. In answer to a 
question I:S.vid stated that "Blue Arrow" had no neutral state of balance and 
needErl 5 knots of wirrl to stay upright. Whilst many useful lessons were 
learned, the cost of the exercise, £600,000, was high, it was probably gocrl 
value for the sponsor in view of the publicity that it attracted. 
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SlJ.Ul SANDEROON 

Siroc>n Sanderson was the third speaker. At the 1 987 symposium he had spoken of 
his work on single tack solid sails with sections chosen for high coefficient 
of lift rather than high lift to drag ratio. 'Ibis year his progression of 
thought am experimental results were nnst evident when he told of the 
problems encountered by lack of sailing titre with single tack sails. He also 
experiencErl problems with distortion on structures built down to the very !Oil 
weights requirErl. To cx:rnplete with soft sail rigs he has ro1 cho~'1 to ~rk 
with GOttingen 628, a section fran the 1 920' s, as a gocrl o:~npranise bet.YJeen 
aerooynamic am nechanical features. He is using this in a two-tack sail with 
the front 50% of chord built rigidly of foam sandwich GRP. The rear 50% is 
slinilarly constructed but is a flat plate hinged to the fore part with glass 
arrl carbon fibre hinges fitted with a shock absorber to restrict unoontroll
lable flopping al:x>ut in choppy corrli tions. '!he trailing Erlge is sharply 
rectangular arrl is sheetoo to the lxx:m giving control over twist of the rig. 
The next step is slightly more tip length giving a higher aspect ratio 
without too much increase in the height of the centre of effort. '!his is 
expected to exceerl 30 knots on the water. GOttingen 628 is oot a laminar 
section arrl ha~ a Reynolds Number of about 500, 000. -

___....-~ -

-- -
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AUSI'El< 
By R.R.A. Brat~ M.A. ,C.Eng. ,M. 1 .Mec.~ 

Auster is a 20ft x 8ft catarmaran built in 1975. '!be 1 Osquare metre high bccm 
rig which it carries was transferred. fran the 18ft nolifiErl Uniccm hulls of 
Eoreas. A.:b'1ough the standard lhicom carr:.es 160square foot of sail and 
Boreas had only 105square foot it would bury its bow, am the deck would act 
as a negative hydrofoil. Furtherrcore since the wirrl always blCMs across the 
hulls t.~e bows were ~erceive:l as having a high wi.nda.ge. Aust&'s b~ are cut 
away in an ellipse dcwn to the waterline in defia'1Ce of conventional shape, 
but in fact still having much greater righting nonent arrl reserve buoyancy 
than Eoreas. ~e l::ov's have no deck arx1 can shed water or cut freely out of a 
nose dive. The surface sensing 45degrees front foils are carriErl 2ft £ran the 
points of the l::ov's, which can re seen alternatively as protracted bow bulh:; 
wh.i.c.l-t act as fairinas for the frr"'_nt foil rrou."'lti.nas. 'lhe hulls are eacl: tilted - -1 Q:legreo_s l.nrc:u..-ds tn maximise the 00am water line, reduce the ccnnect.ing 
structure and further assist t:le t....-ansverse airflow. A torsion box amidship 
controls t.....--ansverse axis torque l:Etween hulls while fore and aft axi.s torsion 
is rdd by ~e t:~e a~-oss the ste-"'71. 

'!be high b:x:m rig was describ=rl L11 AYRS Journal No.61, arrl the foils follON 
fran t.l-}e 1960 experiment descrital in ~.58. The principle feature of the 
latter is that the greater part of the ~ight is carried on t.~ totally 
inmersErl rear foils, which can 1:e of an appropriate h.J..gh performance section. 
Auster' s rear ivils (eac..l-t 3" x 27") are rrnmta:i on the bottan of the rudders, 
and 1 Odegrees dihedral each side fall~ :!"all the inward cant of the hulls. 
The rear foils which carry 60percent of the weight have \IK)rked exceedingly 
well, but the front foils have given rise to difficulties. While a leg on 
each. corner makes a table nore stable, a foil on each corner precludes 
tacking. '!be large main 1~ carrying surface piercing front foils, used by 
Hansford' s Mayfly and Gr~ono' s Icarus, IOC)Ullta:i close in front of the sail 
centre of pressure all011 tac.'ting. 

Auster' s original front foils were too small. A difficulty was ventilation 
which took t.l)e fonn of a conical vortex fran the tip diagonally 2rt to the 
surface (not up the foil). A subsequ:mt larger pair was fitta:l with fences, 
but the fences spoiled the perfonnance. The fourth pajr had nore area, very 
high aspect ratio, taper, arrl washout tc:Mards the surface. All the front 
foils were of ~Jlindrical upp:r surface a.P..d flat underside. This gives rise 
to excessive camber tO\'ards the top where the foil is wide. The advantage of 
~"le cylindrical surface is that it is easy to generate with a circular 
st=ickle in Plaster of Paris~ to nake tapera:l foils. 'Ihcught is currently 
being gi•;e.'1 to f=ont foils with a large radit:S c«jclir.d!':.cal le~ surface 
instead of flat to give less camber. 

}.uster' s hulls foils and rig are ma:ie of Araldi.te reinforced with 0.009" oDa 
way glass fabric. The foil3 contain a high proportion of plain roving. The 
hulls are single ply periferal lay, each side of 6lbs/ cubic foot, i I 4" t.;uc~ 
fccm, and weigh 60lbs each. The desi=ed 12lb f~Je p:rs =cam 1 /8" thic< '110.5 

net available. 



Didier Cbstes delighted his audience l:7:i setting out the reasoning behinl his 
EXOPLANE series of l:x:ats seen over the years at Weyroouth Speed Weeks. '!be 
main reason behi.rrl the angled sails was to generate lift to provide 
stability. He hOO the problem of clxx>sing the angle before sailin:.J as it had 
proven far too cnuplex to arrange an adjustm:mt whilst actually sailing. 
After defining the corrlitions for transverse equilibriun arrl stability, 
Didier explained that EXOPLANE 1 arrl 2 were ooth very fast close to the wirx:l 
arrl in the extreme would luff up. 'Ihls however made sailin:.J on a CXXlVentional 
speed oourse very rarely rewarding as the other ~titors needed the oourse 
set up as a broad reach. As a result every EXOPLANE run needed a major 
rearrangement of the oourse alig1unent. He had therefore abarrloned the 
"EXOPLANE" fornula for his current Trischape type. ()le of the major 
requirem:mts of it was that the floats nust be synmetrical. 

c;n.r.FS IlJRAND 

'!he sixth speaker and last before the interval was Gi lles D.lrarXI speaking on 
behalf of his team at Weyroouth of '1h:mas le Febure, Jean luc Givelet arXl r-are 
Fourgeot, arrl kite designer Bernard Bonin. '!be team's l:oat OANro-Ra:;FAT is a 
closed loop controlled foiler powered by a static noie kite. '!he OXleept of a 
fully autanatic foil oontrol systan is oot new rut this craft has an elegant 
way of CXJnbining floatation at l<:M speed arxi planing at l<:M speed with 
minimum drag from the foils -:.ri th autatatic transition to foil-oorne noie. In 
each of these m::rles of operatioo the gain arrl dampiBJ of the system changes 
to suit the situation. In the final foil-oorne oorrlition the gain is oon
linear. '!he dead-barrl of the system ~ sarewhat na.ri'C1tt1er as the speed 
rises. '!be structure appears to exhibit oo lav~ frequency resonances within 
its operational envelope. The craft oonsists of a tub.llar triangle frame with 
two float-foils leading and a third steerable one astern. '!be craft has OOen 
tested in 1 metre waves up to a speed of 30 koots ~. Propul.usion is by a 
large single static high lift to drag ratio kite, unlike the Jacxlb' s Iadder 
arranganent. 1hls has enabled kite stability problems to be attacked 
technically rather than l:7:i cut-arrl-try metlxxls. '!be light weight of the l:xlat 
(approximately 65kg) CXJnbine1 with the very l<M centre of effort possible 
~~i th kite propulsion has made a very high power to weight ratio lx>th p:>ssible 
arrl practical. Achieving 19.25 knots during the early part of Weyrrouth 1988 
Speedweek proves it isn't too far WI'()Dj! 
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SPEEDBIRD 'AA' 

My experimental l:xlat is an articulated 'A' rigged catamaran, with the lee 
hull forwaxd of the windward one (similar to Crossborl 1 1 ) and the masts are 
joined together at the top. 'lhis design is part of an investigation into 
alternative rigs arrl layouts for ltD.lltihulls. '!he 'A' rig has structural and 
stability advantages, but there is no reliable information on the 
aercx:iynami.cs or handling problems so I set about trying to find out. Since it 
would not be possible to race such a craft in conventional races, the ideas 
were roodifiErl for speEd sailing. 'Ihls meant that it could be a one tack 
machine and accept limitEd perfonnance on the wrong tack. 

The construction is msErl on a rei r of standard Tornado hulls and tube 
sections. '!he masts are inclined at 20 degrees and the angle of the 
crosslE.ams can lE cdjusta:l up to 45 degrees. 'nle present sails have a total 
area of 27m2 and the weight is al:xJut 225 kgs. '!he distance between hull 
pivots is 4.8m. In order to reduce wette:l area and spray, triangular spray 
strips have been fitted to the bottans of each hull. 'lhese a~ to work 
well at speeds over 15 kts. An alternative lee hull tes made with a deep 'V' 
section, so as to act as a pure planing surface with the weather side fully 
ventilated at speeds of o~ 25 kts. But as we have not seen strong enough 
winds yet, we will have to wait and see if the idea can be mcrle to '«>rk. 

With one cr£M the rnax:i.nllm sail force is about 1 .25 times the all-up weight at 
30 Jt+-~. apparent wirrl and ma.xi.rmJm stability. With three crf!M the ratio 
becarEs 1. 75 at 40 kts. en the principle of brute force it shoold be fast, 
but so far we have not sailed it in over 20 kts. of wirrl and never anywhere 
near ·the stability limit so recorda:i speeds have been IOOdest. With the cross 
beams set nearly square, the craft is difficult to CXllltrol and has a great 
tendency to lay head to wind. IncreasEd control improves with the angle of 
the beams, since the distance between the lee daggerboard and the weather 
rudder is increased. It can be manoeuvrerl in rcost conditions. '!he cockpit was 
meant to ra:luce the windage of the cret~, but it fills in roogh water and so 
will be reooved. Along with a f£M other minor modifications we will be ready 
to sail in over 30 kts. of w.iOO next year. 

So far the performance has about equalled wind speed arrl it appears that the 
advantages of the inclined rigs only care into their CMl wtlen the taller or 
vertical rigs are overpowera:l and the additional drag fran extra spars and 
struts is avoided. 

Ian Hannay 
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'!his is the story of my experirralts wit.~ windmill pcuer as a means of lxs.t 
propulsion. There does not seem to have been much interest of late in this 
subject, and I TNOuld tE vecy interesterl to rooet any netlbers who have an 
interest in this subject. 

I have for many years been intrigued by the proposition that a l:xlat could oo 
propellai directly into the wind by using a windmill coupla:l to a propeller. 
Like al..trost every other sailor I krlcY, I felt that this must violate ~ of 
the intrinsic laws of nature and consequently I did nothing aOOut it. Then 
one day an article appearerl in 'Practical Boat <Mner' • 'Ibis article descri b?d 
Jim Bates' turbine powererl OOa.t. At this time I had just acquired a ccmputer 
and was looking for an interesting project to practise progranming. Proving 
Jim Bates' system did not ~rk seeme:i like an interesting, though rather 
negative, subject to attack. 

'!he first problem that I hit was an alnost complete ah3ence of recent 
publishai information on propellers. I discovera:i that the early workers on 
the subject had taken a.OOut 60 years arrl several different l:asic theories 
before they had got anywhere near l:Eing able to predict the real performance 
of a propeller. Being clever fellavs their theories stretched my mathematical 
abilities to the limit and beyond. '!he result of all this was that I failed 
in every methcrl that I userl to prove the intpOssibili ty of sailing straight 
into the wind. 

The previous v.ork left me no option but to build a turbine pcuerErl l:x:at. 
Prouts sold me one of their small cruising cat hulls, the Scirroco and this 
has proven a gcx:rl choice, ooing vecy strong and having a very strong cabin 
roof to carcy the mast stress. 'Ibe tur~ine is 8 metres diameter driving a 1 
metre propeller. R:Ywer is transmitterl by tNO bevel gears arrl a drive shaft 
which is inside the mast. A power take-off is provida:l to drive an 
alternator, and a torque limiter is fitterl in the main drive shaft to protect 
the gear boxes from excessi.ve power, or a foula:l propeller. 

The turbine has a variable pitch control rrechanism. '!his enables {X:Mer to be 
controlled, an essential feature because power generaterl is proportional to 
the cube of apparent wirrl spea:l. Since this {X:Mer is being userl to drive the 
lxs.t into the wind it will also increase the apparent wind. Therefore when 
sailing straight into the wind the ~er generaterl is even greater than a 
cube law. The only other oontrols are helm and mast rotation, which interact 
according to the desire:i course arrl win.l direction. I have calla:i my wirrlmill 
l:n3. t "Revelation" • 

"Revelation" has been on the water for four years. It is nt::M possible to give 
an assessment of the system taserl on a gocd deal of practical experience in 
which she has done extensive estuacy cruising arrl a trip to fblland in far 
from ideal conditions. She turns out to re an ideal cruising lnat, placing 
vecy few demands on the crEM either for physical effort or ski 11, although I 
must admit I seem to keep lear:ti.ng. She is directionally vecy stable but if 
the helmsman's attention warrlers arrl she goes off the wind we do not suffer 
the tantrums of a thrashing lethal h:x:ln. She just stops and lies team onto 
the sea. 'Ib start all that is neerled is to put the mast so that the turbine 
faces the wind and adjust the pitch until rotation starts and off we go. 

cont/d 
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'Ibe convenience of rigid sails is a great l:x:lon. SWitch on the p::uer and ~i.e 
boat is reedy to sail, reverse the process for docking. This makes very sOOrt 
pericrls of sailing attractive, ideal for an evening' s sail after a harassing 
day at work. 

'!be l:oat also has the canfort arrl convenience of the cat:armaran wi.t:OOut many 
of the traditional drawbacks. Tacking is no problem. It is eliminated. Simply 
p:>int the boat the \tay you want to go. '!be polar diagram is a.lnost circular 
with a slight increase in the downw:irrl direction. 

With re:Jard to performance, tai tests irxiicated a hull speed of 6KN at which 
p:>int 4HP \e.S being absorbed. We can aclU.eve speeds of 4.5KN in a 15RN true 
wirrl speed. Attempts to better this cnnse:l the to!"q\E limiter to trip at 
about 1 20m:M and 640lbs ft. Down w:irrl speeds up to 8KN have been achievai in 
wirrls up to 30KN. '!he design was optimised for 1 5 knots. Useful performance 
can be obtainai in winds as lCY as 6KN. 

J. Wilk.i.nson 

This seems an ideal point to interrupt the flow of speakers to 

present Jim Wilkinson's paper on •.•••••••••..•••.••••.••••••.• 

The Ideal Performance of the Wind Turbine Propelled Boat 

Very Jittle has been published on the theory of the wind turbine. prop:lle~ boat. !his article 
is intended to make good some of·this omission and sho\v that th1s fasc1nat1ng subject can he 
subjected to ~na1ysis as a whole system in order to predict the performance. 

This preliminary paper develops a theory to predict boat speed an~ wake velocit~ of the 
prope11er using the Rankine and Froude momentum theory .Theoretical actuator dasks for 
turbine and propellt·r are used. 

This theory gives the ideal n1axitnum performance for any given set of parameters. it is 
therefore very useful to those engaged in this forn1 of activity as it gives a measurement of the 
efficiency of the practical design. 

The method cannot be used to produce an actual design since it tells us nothing about the. 
physical configuration of turbine and propeller. It is hoped to produce a further paper dealtng 
with these aspects at a later date. 
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FH 
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Fig. 3 Schematic of Windmill Propelled Boat 

We can · ~.ow use the formulae developed to predict the ideal performance of a boat 
propelled hy the system as shown in fig. 3. The poy,·er generated by the turbine is 
equal to that absorbed by the propeller assuming 100% transmission efficiency. 
Also since the whole system is afloat it is free to move in any direction and the forces 
are in equiJibrium. If we consider motion in the direction of the wind we can say 
that propeller thrust FP = Windmill thrust FT and drag FH. 

Using this n1odel the boat speed and induced water speed can be calculated, all 
the turbine variables are given. Thrust and power can be calculated using e.g. ( 1) 
and (2). 

Equating Power 

Wr = Pw, Aw (-Vow3 - Vov/-. V2w + Vow. V2vf + V2w:; (5) 
4 

0 = -Vow
3

- Vov/-. V2w + Vow. V2v/ + V2w3
- 4WT 
Pw.Aw 

F(V2w) = V2w3 + Vow. V2v/-- Vow
2
. V2w- Vow3

- _4_'!jl__ (6) 
Pw,Aw 

F' (V2w) = 3V2vl + 2Vow. V2w- Vovl (7) 
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Equating Forces 

Turbine force + Hull drag = Propeller thrust 

Fr + FH = Fp 

Fr + H, Vovl = Pw, Aw 0/2vl- Vovl) 
2 

Fr + H, Vovl- Pw, Aw, V2vl + Pw, Aw, Vovl = 0 
2 2 

(H + Pw, Aw) Vov/ = Fr - Pw, Aw, V2v/ = 0 
2 2 

(H + Pw, Aw) Vov/ = Pw. Aw. V2v/ - Fr 
2 2 

Let a = H + Pw, Aw 
~--

then avovl = b - Fr 

Vow= Jb~Fr 

b = Pw. Aw. V2vl 
2 

Revelation Frank Martin Photo 15 August 1985 

(8) 

(9) 

(10) 

(11) 

(12) (13) 

(14) 



A computer program can now be written to carry out the task of determining the 
simultaneous solution of equations 6 and 14. There are two unknowns, the boat 
speed and the wake velocity of the prope11er. The technique adopted to solve these 
equations is illustrated in the flow chart. 

Reset Vow at 

• 

l ASSIGN VALUES TO VARIABLES 

---] _ _, 

~------CALc TURBINE & PROP. AREAS J 
- l ---------~ 

[ ---CALc. WA~ VELOCITY OF TURBINE V2 

I CALC. POWER FROM TURBINE WT 

L ___ ·----·~-

oLvE POWER EO 6 FOR PROP WAKE VELOCITY USING 
SSUMED VALUE FOR BOAT SPEED OF 1 MS VOW :.: 1 

----- 1-

C _____ _:_ALC_ PROP. POWE_R _______ __, 

_ · - - - _]_ ___ _ 
CALC TURBINE DRAG 

-- --1 
---cALC WINO FOR__,C::-E-S ON HULL 

l ~-===--~~LVE:O:~UATION-

[ ~ ~ ~~L-C -~EW APPARE~f W~~ V~A V~A-~TC -=__-] 

M.1hod UM ~on·• "•retlw 
approl(lmetlon to ftnd root of 3fd 

Ofder ~uatlon e 
V'ZNn - V'ZN • F (V2W)_ It.,. 

F1 (V2W) 

NO / 
Test chenge In •P"d wfth prevkwt celc. If 

drnerence rs n.gllglble pnnt r .. une, If not go 
btlck to 4 t 0 u11nSJ the new value fof Vow 

(water •PHd> end re-calculate 

. • YES 

~HEC~ s~~u~:o~ F-~~-~~c~-~LANCE ---J 
[·-- -~~1Nl JESUL T~- J 
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100 REM Program HAXSPD 
110 REM Thie program calculates the ideal speed of a wind turbine boat sailing 
120 REH directly into the wind.Rankine and Froude momentum theory ie ueed 
:JO REH ueing the concept of an actuator diek,which either adds or extracts 
140 REM energy. 
150 REH The program simultaneously eolvee two conditione.The first part solves 
160 REM the power balance by equating turbine power and propeller power 
170 REH This produces a value for the propeller wake velocity which is used 
180 REH to calculate the boat velocity that le, the free etream velocity of 
190 REH the propeller.The calculation le carried out by creating a force 
200 REM balance in which the propeller thrust is equal to the hull drag and 
210 REH turbine drag.Flnally the boat epeed is added to the wind speed to 
220 REM give the apparent wind epeed through the turblne.This operation le 
2JO REM iterated until the boat speed increase between cycles ie neglisble 
24o REH SI unite are ueed throughout. 
250 REH AA=turbine area AW=propeller area WF=wind force on hull 
260 REH DP= propeller dia. TD=turbine dia. 
270 REM PA=density of air PW=density of water 
280 REM VOW=boat speed V2W=propeller wake speed ' 
290 REM TWS=true wind speed IWS=change in air speed through turbine as a 
JOO REM VOA=apparent wind speed decimal fraction of apparent wind speed 
J10 REM FT=turbine drag EFF=combined form+ friction drag turb.,prop 
]20 RE~V2A=turbine wake velocity WT=turbine generated power 
JJO REM Y=f (VOW) . DY=f .. (VOW) 
)40 REH PRTH=propeller thrust TDA=total air drag of turbine and hull 
350 REH CD=drag coeff of hull to air S=cross section area of hull 
355 TAG=O · 
)60 PA= 1 . 293 : PW=998. 3 : VOW= 1 · . : REM fixed variables 
J70 CD=O : S=O 
)80 DP=O : , TD=O : TWS=O : IWS=O: H=O 
390 INPUT ".HULL DRAG COEFF CD" ;CD 
400 INPUT "HULL FRONTAL AREA S" ; S 
410 INPUT ''PROP. DIA M"; DP 
420 INPUT ''TURBINE DIA H"; TD 
4JO INPUT "TRUB WIND SPIED" :TWS 
440 INPUT .. INDUCED WIND SPEED"; IWS 
450 INPUT "HULL DRAG FACTOR H" ;H 
460 INPUT "EFFICIENCY EFF"; EFF 

: EFF=O : REM eet variablee 
IF TAG~1 THEN 480 
IF TAG=1 THEN 480 
IF TAG=1 THEN 470 
IF TAG=1 THEN 470 
IF TAG=l THEN 470 
IF TAG=1 THEN 470 
IF TAG=1 THEN 470 
IF TAG=1 THEN 470 

465 TAG=O 
470 AW=3. 142*DP.2/4 
480 V2A=TWS*( 1-IWS) 

AA=3.142*TDA2/4 : V2W:VOW 

490 WT=KFF*(PA*AA/4)*(VOA~3+VOAA2*V2A-VOA*V2AA2-V2A~3) 

to zero 

500 Y=(-VOWA3-VOWA2*V2W+VOW*V2WA2+V2WA3)-((4*WT)/(PW*AW)) 
510 DY=3*V2W"2.f.2*VOW*V2W-VOWA2 
530 V2W=V2W-Y/(1.5*DY) : REM Newtons approximation to find roots of pwr bal.DY 
1s given a multiplier to make approach to root slower 
540 REH if this is 1 and may be changed if necessary 
550 IF ABS(Y/DY) < • 00001 THEN 570 
.560 GOTO 500 
570 FT=(PA*AA/2)*(VOAA2-V2AA2) 
580 WF=PA*VOA~2*CD*S : REM windase of hull 
590 TDA=FT+WF : REM total drag 
600 A=H+(PW*AW)/2 : B=PW*(AW*V2W~2)/2 
610 IF ( (B-TDA)/A) <= 0 THEN PRINT "BOAT GOING ASTERN" 
620 VOW=SQR( (B-TDA)/A) 
6JO GOTO 650 
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640 PRINT .. VOW= .. ;VOW; ··voWN-VOW=" ;VOWN-VOW 
h50 IF ABS(VOWN-VOW) <.0001 THEN 680 
b60 VOA=VOW+TWS : V2A=VOA*(1-IWS) : VOWN=VOW GOTO 490 
670 GOTO 500 
680 PRTH=PW*AW/2*(V2W""2-VOW""2) 
690 PRINT .. NT= .. ; WT; 
700 PRINT .. V2W-VOW=·· ;V2W-VOW; "prop eff=·· ;VOW*PRTH/WT; 
705 GOTO 720 
710 PRINT ··cHECK= .. ;TDA+(H*(VOW""2) )-( (PW*AW*V2W-2)/2)+( (PW*AW*VOW""2)/2) 
720 PRINT "VOW=··voW; '•FT= .. ;FT; .. DRAG=··H*VOW"'2+WF; .. THRUST= .. PW*AW/2*(V2W"'2-VOW"'2) 
740 PRINT "Which variable do you wieh to change ?'. 
750 PRINT ··1 hull drag coeff. 2 hull frontal area·· 
760 PRINT ·· 3 prop dia 4 turbine dia ·· 
770 PRINT "5 true wind speed 6 induced wind epeed dec. f~action of tw 

780 PRINT .. 7 hull drag factor 8 efficiency·· 
785 PRINT .. 9 START AGAIN'' 
790 INPUT .. function .. ; FUNC 
800 IF FUNC < 1 OR FUNC >9 THEN PRINT " BAD FUNCTION '. : GOTO 790 
805 TAG= 1 

, 810 ON FUNC GOSUB 390,400,410,420,430,440,450,460,100 
820 KND 

~ 

,~-

' . .. ' 
~· ; .... ... ; 
~j 

.\ .. 
-~, . 

Revelation Frank Martin Photo 15 August 1985 
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The program can now be used to examine the performance of any configuration 
and will give the projected ideal performance i.e. the maximum achievable speed 
assuming zero friction of turbine and propeller. The result can therefore be used 
to judge the success of a practical design and give a figure of merit according to how 
close the practical performance approaches the ideal performance. 

In order to obtain an idea of the effect of friction,an efficiency factor has been 
included which is the power loss due to friction and it is simply applied to the power 
generated by the turbine, it therefore takes account of the skin friction and form 
drag of both turbine and propeller. 

This program covers only one course i.e. the hoat is sailing straight into the wind 
but it can be modified to take account of different wind directions and the lifting 
force generated hy an inclined turbine, consequently allowing for a reduction in the 
hull drag factor It In fact it opens the way for investigating the theoretical 
performance of a number of different configurations. 

The prog.·am has been used to calculate a number of curves based on the author's 
wind turbine propeJJed catamaran Revelation. 

The values of the variables are: 

CD = .6 Hull windage drag factor (assumed) 
H = 120 Hull water drag factor (measured by tow test) 
DP = 1 Propeller diameter 
DT = 7.48 Turbine diameter 

1. Boat Speed(frue Wind Speed 

This shows that boat speed is linear with \vind speed both under ideal conditions 
and with an efficiency factor less than 1. A few points showing n1easurements taken 
on Revelation are given, these show the usual scatter of results when practical resu Its 
are used, how<;ver, statistical techniques could he used to calculate the slope of the 
line over a number of readings thus allowing the performance to he averaged over 
a large number of readings to produce an accurate result. 

2. Propeller Diameter/Boat Speed and Propeller Froude Efficiency 

As expected there is a n1inimum diameter hclow \Vhich the propeller cannot 
produce forward movement and this provides one lin1it for propeller diameter. On 
the other hand there is no point in ha\·i ng too large a propeller and it appears that 
the 1 metre dian1eter chosen for Revelation is at a point \vhcre the curve is flattening 
out and so would appear to he ahout right for the joh. The efficiency curve also 
flattens out at the san1e sort of rate. 



3. Boat Speed/llull Drag Factor 

This is the most interesting result, it shows that boat speed is inversely proportional 
to the hull drag and that speeds considerably in excess of the wind speed are possible 
providing that drag can be reduced. This could be by means of hydrofoils combined 
with an inclined turbine to produce lift. The approximate drag factor of Revelation 
is marked. Revelation is a heavy cruising catamaran with poor WUbeam ratio and 
low aspect ratio keels, so obviously a boat designed for speed and lightness would 
have quite a sparkling performance. 

The above curves show the performance assuming there are no physical limitations 
and propeller thrusts. In real life these effects have to be taken into account and 
they produce the real limitations. Revelation weighs about 2 tons on a beam of 12' 
and length of 26' the force required to fly a hull at the centre of the turbine is easily 
calculated. There is also a Jirnit to the maximum power that can be transmitted 
because power generated is proportional to the cube of wind speed, power builds 
up very rapidly \vith wind speed and the whole rig exhibits a surprising sensitivity to 
it. This p~)wer is controlled by varying the pitch of the turbine blades. In addition 
a torque limiter is used which disconnects the drive shaft when a given torque is 
reached. This normally happens at a given RPM of the turbine and so there is an 
effective limitation of power. 

4. 

This shows the hoat speed plotted against wind speed when V2 is adjusted to 
maintain (a) constant wind drag, and (b) constant power. 

l'he curves are remarkably flat considering the range of wind speeds and this is 
also born out by experience on the water as the torque limiter always seems to 
operate at about the same boat speed regardless of wind speed. The torque Jimiter 
also of course., acts at a given power, given constant RPM it is therefore a valid power 
n1easurement. 

In the case of Revelation it appears that power is the most critical limitation rather 
than strength of mast and it might he better to strengthen the drive shaft and 
gearbox. 

The value of V2 is controJled hy varying the pitch of the turbine the sensitivity of 
this adjustment is indicated hy the small increment of V2 that are needed at high 
wind speeds to n1aintain the constants. 
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Conclusions 

The method produces good resu1ts that appear to be in line with those obtained in 
practice a useful comparison between theoretical maximum and actual performance 
is obtained. This can be used to judge the quality of an actual design. The method 
can also be used to give a feel for the starting point of a practical design. 

A practical design demands the choice of the number of blades and their airfoil 
sections, twist, solidity etc. none of these are provided by the (moments) method 
which enormously complicate the amount of calculation work necessary and 
therefore, it is difficult to visualise the effect of changing the main parameters. It 
is hoped this article will help to give a feel for the subject and that it will stimulate 
interest in this means of propulsion. Revelation has nO\V been on the water for 3 
years and apart from minor changes to the engineering she remains pretty well as 
originally designed. 

During that period she has cru ised extensively on the East Coast including the 
direct cro . .;sing to Holland and she proves to he a very satisfactory, easily managed 
and safe boat. The performance offihe wind is roughly equivalent to the same hull 
using canvas sails, but to wind\vanJ she is very fast since VMG is the same as speed 
through the water. Very few vessels unde.r 35ft can beat her in a 15KN breeze. 
When going to \vindward she is dry since spray does not blow over the deck. 
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After Jim Wilkinson had spoken, Reg Frank anoouncErl his intention of 
compiling a list of rranbers of AYRS wOO are particularly interestErl in using 
kites, nasthead rigs, line tethererl rigs an:i sw-ivel ling pole attacherl rigs. 
The following is the list that he has at present: 

Reg Frank, 87, staincross Ccmoon, B3.rnesley,, S75 6NA. 
Yorkshire. Tel. (0226) 382272. 

Ian Day, 19, carisbrooke Court, New Milton, F.ampshire BH25 SUS 

Josef T rusek, (builder of foiler yacht 'DALIOOit') P.O Box 404, 
Potts Point, Sydney 2011 , Australia 

George Floyd, SVL Box 7005, Victorvi lle, ~2392, USA • 
Tel. (619) 245-7545 • 

Roger Glencross, 6 Mel ville Avenue, West ~'limbledon, TA>rrlon SW20 CNS. 
Tel. 01-946-3254 • 
also, 7 Sudan Road, Rcrlwell, Weyrrouth,Q)rset, Tel. 0305-785013. 

Lasse Jamsa, A-Elementti, DY Rakennusmies, Ristopellontie 16, 00390, 
Helsinki 39. Finland 2. 

James Labouchere, 'Hydrosled Challenge', Kington St Michael, Chippenham, 
Wiltshire SN14 6JR. Tel. (0249) 75222. 

R.H. M3.ggs. c/o 156, Bedminster IX1Nn Road, Bristol BS13 7M'. 

Or. Enrique G. Petrovich, AdvanCErl Sailing Inc, 
620 SE. 18th. Avenue, Pcrnpa.no Beach, Florida 33060, USA. 
Tel. 305-941-1324 and 305-941-3549. 

Dag. Rooell, Angarna, PL386. Harbackshult, S286 00, Orkelljunge, SWerlen. 
Tel. KLIPPAN 0435-51455 and 0435-52355. 

Walker Wingsail Systems Plc, Devonp:>rt Royal IX>ckyard, Plyroouth PL1 4SG 

J .P. Winter, Kite-Ski Project, Mickle:lore, 25 The Whiteway, Cirencester, 
Gloucestershire, GL7 2ER. 

Geoffrey Miles, Penbryn I.alge, '!be Street, Brecon, RMys LD3 7SR. 

Any other AYRS ~s wOO are interested are asked to contact Reg. He can 
then keep them inforrood of developnents. 

25 



-

THED SCHMIDI' 

Reg Frank was foll<:Merl by Theo Schmidt who spoke entertainingly and 
enthusiastically on Solar P<::M"er arrl his work thereon in SWitzerlarrl. He had 
atterrlerl several Solar Power events in 1988, one with seventeen powered l::oats 
enteroo, another with nine. Theo told of his own attempt to cross the English 
Channel by Solar Power which highlighted one problem of solar ~er. When the 
sun is at a lON angle the pc:Mer falls. The array of solar cells is tilted to 
carrpensate and this can bea:xne a problem in windy cx:>rrli t ions. Electric tnats 
with the solar arrays charging batteries are heavier but are often rrore 
practical. All such craft must be very efficient. 1his t=nrourages great 
ingenuity in design but gives in return almost total autonomy and reliability 
even in quite substantial adverse winds. The cx:>st of arrays of solar cells 
was approximately £3.20 per Wdtt at 1988 prices. 
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}.DDRESS BY ~ sm::AD 

More than 20 Years ago I read Barney Snit..,' s l::x:x:lk "The 40-Knot Saill:oat". 
The idea of canbining a lifting sail to reduce displacement arrl hydrofoils to 
ra:luce ~tted area was fascinating to ne, arrl in the last ten years I have 
spent nnre time and rooney than I care to admit trying to build a practical 
boat this way. 

In 1 980 I contacterl Bamey Smith arrl sailed his roncmaran, which ¥Je ooth 
thought was alm::>st ready for sale to t..~ public. I paid him several thousand 
dollars for a licence and kept his prototype at Lake Buchanan for three 
years. After many minor changes I decided that his steering system could not 
be perfected, the sail fra100 rould not re scaled up, ar.rl there could not be 
enough displaceme."lt in the foils to sustain a back wind wi th.out capsizing. 

About the same time I l::xJught a windsurfer and learned to handle it in light 
winds. In strong winds I was frequently pickerl up and thrown in front of the 
board, proving to me that a very small sail could carry the weight of the 
boat and crEM and make gocrl speerl at the sane tine, provided the crf!M was 
skilful enough. 

By the time I got to Weym:>Uth in 1983, t..~ board sailors had mastered the 
skill well enoucrh to outrun any sailtoat except Crossl:xJw, including 
well-developed toil riders like Icarus, :-Byfly and NF2. It seemerl as if the 
hydrofoils had found their own speerl limit at just under 30 knots, although I 
would not bet against Phi lip Ha.nsford' s next generation of hydrofoils. 

Last year I realised that Malcolm Banlsley with his "Alien" was working in 
the same direction that I was. I also saw the high qua.lity of craftmanship in 
his boat and learned that Nick BarlON was the man with the magic hands. This 
year the three of us have pooled our resources and cane up with "Delta". 

This boat is a proa with the man-carrying hull always to wi.rrlward. '!Wo 
smaller planing hulls carry the leeward corners of the sail frame. '!bey are 
free to pitch over waves and yaw, controllro only by their skegs. The main 
hull is also free to pitch, but it is held at a fixed angle to the sail frame 
by steering lines. It has two nrlders, but only one is usErl at a t.i.rre. A 
daggerboard is IOCN'ed between tacks to a •.yell in the leading end of the 
cockpit. 

We are experimenting wi. th a radio controllErl m:rlel with a swinging 
centrelxard on ball bearings which might replace ooth rudders and the 
daggerboard. If it works, it will improve the appearance and alla.v the boat 
to run up on a beach easily. 

There are two roller fur ling sails of ab::>ut 150 square feet, one of which is 
usa:l on each tack. All four of the spars are elliptical to rerluce drag and 
they add enough to ~'1e sai~ area to put the c::-aft into class B. 

Our gool this year was to te on the water evecy day and to make a lot of 
tim:rl runs, hopefully over 20 knots. CUr longer range gool is to ~ up with 
a seaworthy design which c.m re scalro up to beat Michael Fay and Dennis 
Cormor around the buoys . 
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DAVE aJLP 

After Ned Sneed, rave Ollp spoke of the Skysail kite waterski projects with 
which he is heavily involved. rave amaze:l many present by asserting that 40 
knots had been achieve:l as had runs of one and a half lx>urs wit.OOut falling 
or dropping the kite! 

D:lve described in detail the use of large specially designed and made skis 
which were userl to get up qllickly arrl aid control. They were stable to 70 
knots behind a IXMerbJat 3I1d were predictable arrl repeatable in handling. 
Cbntrol of the skis was by "edging" since the use of a skeg prcrluced 
vertiliation (or cavitation?) at 35 knots and higher. 'Ihe kite working in a 
controlloo stall improves its lift to drag ratio at 35-40 koots. When kites 
stop oscillating at high speed saoo not clearly understo:rl things happen. But 
the presence of the human rooclv.\Jtism in the systan allows fast improvements to 
control and development. 

In reply to questions Dave stated that the faster the man goes the closer to 
the wirrl he can sail. He also made the p:>int that lateral resistance arrl 
closeness to wind were in sate oondi tions a trade-off. 

ROY PACE 

The thirteenth speaker Roy Pace spoke briefly alx>ut his new }x)at which with 
~ hl.l!OC)ur he described as h3.ving "organic outriggers" which were of 
insufficient length. (His arms were too short!) He said that oo developtent 
of this craft was plarmerl as it did not work at all. Tltis highlighted to all 
present that ~times it is best to admit you have tnade a total rress of your 
theory, calculations, design or constrution an:l to laugh it off arrl go back 
t o square one. (It is nice to knON that others too have this problem! ) 

Next r~lcolm Barnsley spoke al::x::>ut the design and philosphy behind "Delta", 
Ned Snead' s craft at this year's Weyrrouth Speedweek. He spoke of the choice 
and problems with ang le.1 sails, their low efficiency in low wind speeds and 
their great advantages when designe:l arrl exploited correctly. 

A questioner aske:l how the freely pivoting floats of "Delta" were designed. 
He was not entirely displeased to be told that the approach was purely 
intuitive. Despite all the mathematics deployed to solve such problems, 
guesswork and empiricisn are alive and well! 



PHILIP HANSFDRD 

The fifteenth speaker was Philip Hansforo who answered questions about his 
boat "Philfly". He was asked whether is was possible to set the control foils 
to zero angle of attack, get foiloome and then link in the "feeler" control 
system rather than having it permanently engaged. Philip replierl that it 
would YJOrk that way if so required. Aske.l why he did not use surface pierci11g 
foils to "get-up" arrl subrergerl foils to "stay-up", Philip cited wetght arrl 
complexity to militate agaDJSt such a~ arrangement. 

David Chinery asked the final question. ·~en designing Philfly you used a 
rearwind trailing sensor system instead of the classic forwanls facing "lbok11 

type. HeM did you arrive at this arrangement?" Philip answered that it 
"seemed rrore practical". (Yes it is, but oot obvious until you have seen it 
done! GGNW). All present agreErl that it was one of the rrost elegant ideas 
arourrl. 

The free discussion oontinued unti 1 1 0. 15pn. all agreeing that at next 
Speedweek there should be another AYRS Speajsailing SyrrtfX)sium. 
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CANAL CXXIRSES FDR SPEED SAILING 
GRAEME G W WARD 

As sailing speerls have risen arrl the raquirerl true wind direction has recare 
broader, similarly the raquirerl wind speerl has becone greater. This has 
caused wi1rl-irrlucerl waves to recane a major factor in the choice of suitable 
locations for speerl events. After pranising results fran sane "ready-made" 
very sheltered courses, a course carefully orientated to suit the likely wind 
was excavated after the rnann:r of a short length of canal in a flat beach at 
Les Saintes Maries de la Mer in the cam:rrgue. 'Ihis area is blessed with a 
local wind, the Mistral, which blows with sane predictability in ooth 
direction and speerl. 

'!his course, on a line 6Q:legrees/24Cklegrees true, initially in March 1988 of 
830m and lengthentrl in .January 1989 to 1200m has openerl up ne.-~ vistas in 
speErl sailing. Although really only suitable for sailbJards arrl perhaps the 
smallest craft it has chanyoo the very approach to speerl sailing of all 
involved, from the sailors dJ'rl spectators through to the organisers arrl 
sponsors. The sailors have had to find new ways of seeing a gust caning, over 
land rather than over water, before starting, often by pushing their board 
into the end of the canal or along the side before jumping on, hopefully, 
straight into the toe straps! Returning to the start necessitates n. whole new 
systen of disciplines to avoid causing wind shadow for following competitors, 
walking through electronic tilning beams, treading on delicate cables at the 
side of the course, obscuring video camera siyht lines, even not getting your 
return transport hopelessly stuck in very wet sand near the course. 

This latter problen is largely due to the course water level being above the 
surrounding beach level as the banks are shaped to minimise wirrl turbulence 
and the "canal" is pumpa:l to within centimetres of the bank top. The seepage 
thus caused can make e1e adjacent beach hydraulically soft. 

The organisers have even rro:re problems. A. side fran choosing the location and 
bearing of the course d11d the depth (too shallow arrl it is dangerous, too 
deep and it is expensive to build and keep full,) they have to keep the 
sp:cta tors and Press close by but not on the wirrlward side, arrl again not on 
the cables, in timing b?.ams or video transits. Also the canal must be kept 
full and the windward bank \vhich slowly ercrles into the canal must re 
reconstructed every few weeks if the winds are very strong. 

With such a course it is necessary to have e1e wind within a very narrow 
angle for gocrl sailing. In the event that it is not, patience is a great 
virtue, as also is a sympathetic s~nsor! Even with all the wirrl at the ideal 
angle to the course, starting in high winds can be difficult and it is 
helpful if the course is wider in this area so that the ~titors ca11 curve 
in to the opt.ilnum course, starting on the leeward side and rather mre square 
to the wind before sr>eeding up in a curve to the weather sije . 

When everything goes right the results are quite am:1zing; ~rsonal ~st times 
flow thick and fast from the timing canputer print-out . The next tilTle the 
wind blows everyone is complaining ahJut the "hole" in the wind cause:l by 
sane small bush or silnilar feature barely visible Up.Yirrl and previously 
unremarkerl! All are certain that they could .improve their speeds greatly if 
such were to be rerroverl! Nevertheless to achieve the full potential of such 
courses attention to detail is nost i.rrlp:)rtant and there is yet sane mileage 
in "fine tuning" ooth the physical courses arrl the techniques of sailing 
them. 



Even at this early stage STTall wavelets, driven diagonally across the canal, 
cause interference effects dlrl cause ~t larger waves to run down the 
length of the course. As the techniques improve arrl the wind requirements 
increase the optiJTrum wirrl will oo rather ' nnre a long the course a.rrl such waves 
are expecte:l to cause problems. Alrecrly possible methcrls of preventing the 
propagation of waves along the length of such a course are being sought. I 
feel AYRS mernb=rs could have much to contribute in the form of ideas and 
experiment in such an endeavour. 

In January 1989 a secorrl "rival" canal was opened in the Zooo Industriel de 
Fos just north of ~rt St. Louis and arout 40 minutes drive east fran the 
first one. calle:l the "H10 SpeErl Canal" it is rather rrnre than BOOm. long arrl 
slightly wider at 28m that the Sts. rmies Canal at 25m. In January /February 
1989 it was dlx>ut 1.3- 1.7m deep but not yet quite full enough t o prevent 
bank turbulence with the water arout 80an. belaN the bank top. Its location 
is clear of obstructions, taller than 20cm high for at least one kilometre to 
windward, so the wind is clean. On a bearing of 20degrees/200degrees for a 
wirrl of around 33Megrees it is prol:ably rx>tentially even retter that the 
Sts. Maries canal. It should re noterl that the two canals are at differing 
angles because the Mistral wirrl sprea:ls out as it reaches the area of the 
Rhone delta and ooth canals are optimum for the winds expecterl at their 
respective locations. 

IX>ubtless t..l-}ere will be other courses of this type constructed at appropriate 
locations around the world, places ~..mere the wirrl vectors are reasonably 
prerlictable arrl the r~ra:l ooncentration of enthusiasm, effort am rooooy 
can be brought together. Sane interesting problems have been sol verl or 
attempte:l such as timing at night an1 reflective bar cxrle sail numl:ers on the 
video camera system. Doubtless other problems will arise and hopefully be 
solved. 

In less than 1 5 nonths many of the major speErl records have teen broken on 
these bNo "Canal" couses including the first sailing record at over 40 knots, 
a.rrl the Ladies record is new closer to the outright rea:>rd than ever before. 
It is reasonable to expect the outright speErl record to reach 43 - 45 knots 
wit..l-}in a short tiJUe given the right wirrl corxlitions. Expectations reyorrl that 
are scmewhat specul ative and roost likely require the evolution of techniques 
and equi-pnent to suit; '.veight jackets, offset iM.St steps, asynmetric boards, 
vortex sails are sane ideas that are reing tried or considered. Perhaps 
special b::lats for canal courses are tx>Ssible. Perhaps catapult arrl kite ski 
launching systems can re devised. t·1hatever happens AYRS mernl:ers must re to 
tile fore. 

L L L L L & 6 -, .. 7171 
• •••••••••••••••••• 
7. 7 7 71 71 7. 77 71 7. 71 7 

31 



32 

Why Solar Boats? 

HARNESS THE HEA'IWAVE, ~ BY SUNPClVER 
Report by Thecrlor Schmidt 

Ordinary petrol or diesel boats have several disadvantages: 

On lakes, rivers and canals, pollution caused by exhaust and lubricating oils 
does much damage and several oountries have banned 2-stroke engines or 
require bio-degradable oils to be used. 

Noise frightens wildlife and annoys other waterway users. 

Because high poNer is readily available arrl is cheap, hull design has 
deteriorated and most rAOdern motor boats are not only driven at inappropriate 
spee::ls much of the time, but waste most of the rootor' s power by creating 
large washes, which not only annoy and sorootimes endanger other sailors, but 
also ercrle banks. 

Steam engines offer a partial solution, but unless especially clean fuels 
like LPG are used, the pollution problem remains. 

Electric drives are well lo1cMn and especially suitable for displa~t 
boats, where weight of the batteries does not matter much or is even useful 
as ballast for sailing. '!he rrain disadvantage is the need for charging 
facilities and the cost of replacing the batteries after five or ten years. 

Both these disadvantages can be greatly reduced if solar panels can be fitted 
to the l:x::>at: not only is the need for shore-based charging reducerl or 
dispensErl with altogether, but also the arrount of batteries can be reduced, 
in extreme cases to zero, and ~eir lifeti.rre is prolonged even while the 
cruising range is extended. 

Users of efficient electric boats soon realise that the power required is a 
fraction of that of equivalent petrol installations and that energy 
consumption is suprisingly low. Distance record holder is a starrlard Frolic 
21 (built by Steam & Electric T.,aunch eo.) driven by Rupert T.iitham: over 100 
miles on a single charge. 

Solar boats of course have even greater ranges and many can cruise 
indefinitely, in Sumner, anyway. Pleasure }:x)ats are often used infrequently, 
at weekends, for example, so a relatively small solar panel can be fitted, 
which will charge the batteries up during the week. Many traditional l:xxlts 
have suitable ooachroofs, sunroofs or decks, so that installation of panels 
neerl not be difficult. The high initial cost of the solar panels may 
sometimes be recuperate] eventually by the savings on batteries, but rrore 
important is the "image" value to hire operators, cx:xnpa.nies, etc., and the 
personal satisfaction to individuals, not unlike the fascination of sailing, 
and also the sheer convenience. 
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WEYMOUTHSPEEDWEEK 
Sponsor 

Q~~n Cla~s 
Boat/Craft 

Helmsman 

Speed (kts) 

C Class 
Boat/Craft 

Helmsman 

Speed (kts) 

B ClitSS 
Boat/Craft 

Helmsman 

Speed (kts) 

A Cln~s 
Boat/Craft 

Helmsman 

Speed (kts) 

lOsg m 
Boat/Craft 

Helmsn1an 

Speed (kts) 

Desi~n/ 
Prize 
Boat/Craft 

Helmsn1an 

SpePd (kts) 

AYRS 
Prize 
Boat/Craft 

Helmsman 

Speed (kts) 

Notes 

1972 
Players 

Oossbow 

TColeman 

26.3 

Icarus 

J Grogono 

21.6 (a) 

Mayfly 
p 
Hansford 

16.4 

Kotaha 

L Smith 

13.6 

1973 1974 

Crossbow 

T Coleman 

29.3 

Lady B Clifton 
Flasher 
lrens 

17.7 22.14 

Clifton Orlando 
Flasher 
Irens 

16.2 16.31 

Mayfly Mayfly 

12.0 19.38 

Shooting Bore as 
Star 
R Bratt R Bratt 

9.1 15.04 

(a) Icarus at Burnham 25.5 knots December 1972 
(b) N F 2 in United States 1978 

1975 1976 1977 
Players Players Players 

Crossbow Oossbow Crossbow 
11 11 

TColeman TColeman TColeman 

31.24 31.8 33.8 

Stampede Clifton 
of Cowes Flasher 
J Pritchard Flasher 

16.4 
Syndicate 
20.4 

Hobie Icarus Icarus 
Cat 16 
J Dinsdale J Grogono AGrogono 

16.9 20.7 22.2 

Mayfly Mayfly Mayfly 

BWynn BWynn 

19.4 21.1 23.0 

Bore as Auster Wind-
glider 

R Bratt R Bratt DThys 

14.1 14.6 19.1 

t\1ayfly Exoplane Si si 
p J 
Hansford D Costes Montgomcry 

19.4 13.2 13.5 

1978 
Smirnoff 

Crossbow 
11 
TColeman 

27.7 

N F 2 (b) 

24.4 

NF2 

23.0 

Mayfly 

B Wynn 

18.7 

Seafly 10 

15.7 

Force 8 

P Pattison 

12.8 

(c) A couple of days after "week" ended 1979 
(d) Yap Van de Rest in Hawaii 24.6 knots 1980 
(e) Yap Van de Rest at Lac de Veere, Holland, 25.1 knots November 1981 with 7.8 square metres 

~R 

1979 

Slingshot 

K Thomas 

22.6 

Smoothy 

J Vigurs 

14.1 

Icarus 

A Grogonc 

18.9 

Mayfly 

B Wynn · 

22.0 

Olyn1pic 
Gold 
C Colenso 

22.9 (c) 

Dice 
J 
~1ontgomcf) 

15.6 



1980 1981 
Ten Cate Ten Cate 

Crossbow 
11 

36.0 

Formula 
Supercat 

19.5 

learns 

AGrogono 

23.8 

Force 8/ 
Seafly14 

17.5 

TC2 

23.8 (d) 

Jacobs 
Ladder 
I Day 
l\1 Raymcnt 
18.& 

Jacobs 
Ladder 
I Day 
M Rayment 
23.8 

learns 

24.47 

Seafly 

16.45 

Board 

Hauschied 

24.75 (e) 

Seafly/0 

21.39 

SIGNIFICANT RESULTS 
1982 1983 1984 1985 1986 

Jacobs 
Ladder 
I Day 
M Rayment 
25.03 

learns 

AGrogono 

18.01 

Loisiers 
3000 J-B 

J-B Cunin 
16.83 

Board 

PMaka 

27.82 

J Walker J Walker J Walker J Walker 

Jacobs 
Ladder 

24.48 

lcarus 

Grogono/ 
Fowler 
26.59 

2man 
Board 
Way/ 
McKinley 
25.39 

Board 

Haywood 

30.82 

Gama 

24.58 

Gama 

24.58 

Loisiers 
3000 
Galiagnou 

22.32 

Icarus 

25.0 

2man 
Board 
Way/ 
Griessman 
24.73 

Board 

Siret 

29.68 

Inter
n1edia 

13.12 

Loisiers 
3000/ 
OK Shape 
Galiagnou 
3.49 

Icarus 

AGrogono 

28.15 

2man 
Board 
Way/ 
McKinley 
25.58 

Board 

PMaka 

30.27 

Inter
media 
G Shine 
M Handley 
16.71 

y 
E 
A 
R 

0 
F 

G 
R 
E 
A 
T 

c 
A 
L 
M 

M Spindler 
179%VT 

1987 1988 
J. Walker J Walker 

Loisiers 
y 3000 

J-B Cunin E 
A 

26.44 

R 
learns 

0 J Grogono 
F 21.32 

G 
R 2man 

E 
Board 
Tuck man/ 

A ·coe 
24.80 

T 

s Board 

T Ben in/ 

0 M aka 
28.80 

R 
M 
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THE 1988 JOONNIE ~ SPEEDtlEEK 

1 0 SC.UARE METRE-MEN 

1 • Manuel Bertin 
2. Pascal Maka 
3. Jean-Pierre Siret 
4. Erik Beale 
5. Olivier Auge 
6. Julian Kerxlall 
7. Stephan Pavoovich 
8. Mac Taylor 
9. Yves Salaun 
1 o. Peter Bridgman 

1 0 SC.UARE METRE-~ 

1. Elizabeth Ooquelle 
2. Susie Miles 
3. Paula Wickens 
4. Sylvie Renart 
5. Samantha Harrison 

1 0 SQUARE METRE CRAFI' SAIL Ai~ 

1 • Cory Roseler 
Sky Sail 

2. Greg Warner Harris 
Rebel Yell 

3. Philip Hansford 
Philfly 

A CLASS TANDEM SATI.BOARDS 

1 • Mark Tuck\tlOOO/Rcrl Coe 
2. Steve Cbanbs/'Ibny Bartho 
3. Paddy Payne 

A CLASS CRAFI' 

1. Yves Salaun 
Deltamaran 

RESULTS 

France 
France 
France 
Great Britain 
France 
Great Britain 
Italy 
Great Britain 
France 
Great Britain 

France 
Great Britain 
Great Britain 
France 
Great Britain 

USA 

Great Britain 

Great Britain 

·.;reat Britain 
Gl.-':!r-lt Britain 
Grc. ·l!: Britain 

France 

KlUI'S 

28.80 
28.80 
28.64 
28.55 
27.91 
27.66 
27.55 
27.28 
27.19 
27.12 

26.07 
25.85 
25.50 
25.07 
23.79 

19.89 

17.63 

17.49 

24.08 
23.75 
23.51 

7. 71 



B CLASS 

1. James Grogono 
Icarus 

2. Gilles-Loic Durand 
I:anto Rogeat 

3. Robert rate 
Taal 3 

C CLASS 

1 • Jean-Bernard CUnin 
Loisirs 3000 

2. James Grogono 
Icarus 

3. Ian Hannay 
Speerlbird 

OPEN CLASS 

1 • Robert IX>wnhill 
Crusader 

Great Britain 

France 

Great Britain 

France 

Great Britain 

Great Britain 

Great Britain 

KrUI'S 

21.32 

19.24 

15.75 

26.44 

23.30 

15.84 

10.44 
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IDEAS FRCI-1 MEMlERS 

In attempting to prcrluce a ·fX.Iblication \«>rthy of our Society, a task taking 
about six times longer arrl requiring vastly oore effort than I expected, I 
have unashamedly tried to emulate our late founder Or. John ~rwocrl. In an 
effort to scatter the fertile ground of our members minds with the seeds of 
good ideas, I telephoned a selection of members that I know to be especially 
interestErl in high speed sailing, arrl begged to be party to their latest 
thoughts on or around the subject. Similarly I approached sane non-members 
whan I believErl to be possessed of relevant exf>&tise arrl/or the facility of 
original thought. Apart f:ran a few blank looks (heM do you get a blank look 
over the phone?), 100st were suprised to be asked and gave freely of their 
thoughts, sane expanding at great lengths, others with great brevity. '!be 
result, apart fran sending my telephone bill into orbit, is a sort of 
mini-symposium of ideas, thoughts, suggestions and crld bits of infonnation. 
Dr. ~rwocrl did it without doubt more elegantly and precisely by letter, 
notwithstanding which I hope you may firrl it as stimulating reading it as I 
did getting it. 

A great deal of time and effort has t:een put into drag reduction by injecting 
lubricating fluids into the ooundary layer water round the hulls of 
displacement craft. '!his is nostly military work and therefore is seldan easy 
to firrl in libraries, but a great deal of information can be obtained on the 
subject of ineto:ising the flCM in pipes, such as stonn water drains, the same 
problem inside out! Several people have sent me various scientific papers on 
this subject and I have now quite a gocxl bibliography available to any 
rnenbers interestErl in this. 

Several of the board sa i ling CXJilf)eti tors are experimenting with 
air-entrainment drag reduction ideas. As yet nol::x:rly admits to other than 
inconclusive results, but they acknc1.¥ledge that very little real effort has 
been put in, or priority given, and such only on an intuitive basis. 

One suggestion that needs a try is soft foam under a flexible Sf'OCX)th cnating, 
rather like a wet suit, for use roum struts. One member thinks it will work 
but admits to not having tried it. He does admit to being about to start 
building a foil boat with the flying weight controlled by deliberatly venting 
air into sections of the foil thus destroying lift. He stops the venting to 
increase the lift and thereby controls the flying height as required. Control 
of venting is by "Hook" type sensor anns. 

Australian Boardsailor Ma.lcolrn Wright was very pleased to talk at length and 
show me his assymetric sailboards, all one-tack speedl:x)ards, but apparently 
quite controllable on the non-optimum tack. 

Weight jackets for }x)ardsailors was a subject arousing such passion that it 
should be banned outright (mostly the opinion of the non-sf)eedsailors). But 
the spee:lsailors oostly realise that the inertia provides a ~eat steadying 
effect, especially beneficial for the lighter sailors. That the jacket 
should be· positively bouyant was generally agreed, providErl that the point 
was universally enforced! Masthead ballast or water ballast for sailboards 
was not mentioned by anyone except OWen Lewis (see his article in this 
publication). The filling arrl emptying rates may be a problem. Maybe the 
sailor should carcy a filling and emptying ballast tank on his \tJeight jacket. 
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Several suggestions were made a.OOut decoupling the sailors' weight fran the 
l::x:xlrd, sort of making the sailor part of the "sprung" weight allONing the 
bJard to follow the rapid wavelet buffetting of a highspeed sailing run on 
less than mirror srtO:)th water. I too had been thinking about this after 
watching the World Records of Brigitte Girrenez and Erik Beale at Les Saintes 
Maries de la Mer in November 1988. Both being relatively short they sailed 
with much less "shock-absorbing" rroverte1t of the knees and seemed thereby to 
create rather 100re wash than Pascal Maka who is much taller and heavier. He 
appears steamer at the top of his b:rly with oonsiderable novement of the 
knee arrl hip jo:ints, giving less wash. 

After the AYRS symposium the angled sail generating sane upwards lift seems 
to be an ever 100re popular a source of thought. The cataramaran Garrrna which 
appeared at Weynx>Uth Speedweek several years ago is still regarded as a 
stepping-off p:>:int by several • . 'lbe high off-wind drive of a l<:M aspect ratio 
sail cx:mbined with the foot at deck level on a flat solid decked cat 
cx:mbining with a low centre of effort sail with swallow-wing tip to lessen 
the size of the tip vortex was one idea being tried in rocrlel fonn; 
snoke-streaming tests look gocrl I am told. '!be position of the seams or lack 
of seams in l::x:xlrd sails is still an area of alrrost hand-to-hand conflict 
anongst several non-members. I think that seams are important especially 
after listening to members !an Hannay and Sim:>n Sanderson talkin9 about OOa.rd 
sails and how they work at ~ AYRS ~sia (see elsewhere in this 
publication). fbwever, looking at the results of gocx:l sailors with gocx:l and 
bad pe.rfonnances, and then looking at the seams in their sails is less 
conclusive, at least in my eyes! 

'!he idea of a normal leading ooge followed by a sharp ooge to prcrluce 
separation of flaw follONed by a transversly corrugated surface on the la« 
pressure side of the sail with pitch of corrugations to match the vortices 
shoo fran the sharp edge is suggested by looking at British Patent 
Application BP 2,129,908A assigned to Rolls-Royce. 

The new UK Patent law changt::S came into force on 1 st August 1 989 arrl will be 
sure to provoke sane re-€-.'<ami.nation of the inventors approach to patents and 
patenting. 

In the way of useful teclmical "tools" the use of aooustic noise recordings 
fran inside a streamli.nai b:rly in water to assess the turb.llence causoo (and 
thus the drag) seems, in this pericrl of ever rrore p:JWerlul hane cunputers, to 
be put on ~~e verge of becaning a technique available to the amateur 
experimenter. (Watch this space!). 

One electronically minderl rrember askerl rre alx>ut ca:in enco:lers as used in 
over-the-telephone line electricity meter readjng systems. I had heard of 
them, and have pranised to follow them up. (Why does he want to know?). 

'!be tufting of sails or even hulls can be improve::l by the use of a 100re 
stable "tuft" devised by a non-nanber - perhaf>S he would like to JOin? 

GRAEME WARD 
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aJPLESS ELEC!ROOIC ~fl.l!::l'ER BY ~ WARD 

Developed fran a differential voltneter circuit this instrument measures the 
wind speed by measuring the 

01 

R1 
10K 

R9 
1K 

- 9V ---

differences in junction voltage between two forward biased diooes. One diooe 
02 is enclosed, with a resistor, R2 in a small aluminium block. '!he resistor 
R2 heats the junction of D2 to a substantially fixe:] temperature, the precise 
temperature being of little importance. It will be a function of the pcMer 
supplied to the block by R2 and its heat transfer characteristics. '!he 
temperature of the junction of dicrle D2 is userl to reference the temperature 
of the junction of sensor diooe D1 situated in the airstream to be m::>ni tared. 
A small change in t€!1Jf)EUClture of D1 pr<rluced by changes in airspeed is 
amplified by the intergrated circuit amplifier I01 and registers on the ~ter 
M. The output of the amplifier will be proportional to the temperature 
difference. '!he meter reading will vary linearly with temperature. Ibwever, 
the relationship between the cooling effect of the wirrl and temperature is 
not linear. Also the current with zero wind speed is a function of the 
reference temperature of D2. 'Iherefore the calibration is unlikely to be the 
same for any bNo individual units. 

calibration can be effected by placing the sensor unit D1 in the clear 
airstream at the front of a car on a day with very little or no wind and 
noting the current for various .car (hence wind) speeds. Should the response 
be too rapid for your requirements enclose the sensor diooe 01 in a small 
aluminium block the ma.ss of which can be best be determined by "cut and try" 
~thcrls. '!he amplifier is a Type 7600 Ccmnutating Auto-Zero Operational 
amplifier available fran rrost electronic hobbies sources. '!he meter and the 
value of R7 are selected to suit each other fran what you may find available. 
'l11e circuit seems to work without recal ibration between SV and 16V, a PP9 
battery (9 volts) being fourrl a convenient choice. 

• 
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SAllroARD AERODYNAMICS 

At speed, OOard sailors control the rig by allowing flow separation to take 
place ahead of the trailing edge, giving a separation "b..lbble" on the "top" 
or low pressure side of the sail, using this to control drive, and by angling 
the sail to get a canponent of vertical lift. The total effect of this is to 
give oontrol of ooth speed and direction. Sane element of self-adjustment for 
rapid changes of wind (sharp gusting) is obtained with mast an:1 sail tip 
flexibility, batten arrangenent and trailing edge shape. 

The vortex or so-calloo "crab claw" rig appears to offer among its other 
advantages sane "mileage" as a self-adjusting rig for boats. Whilst it has 
flaws in its controllability in its present fonn, it pranises great thinys 
ooth in drive power and "docility". As regards use of sepa.ratoo flow scheaes 
to make a self-adjusting sail for high speed craft it can be helpful to 
consider an extreme case. 

It is possible to visualise a sail similar to a "crab claw" where flow 
separation occurs below the tip arrl JOCWes down the leading ooge. '!he 
separation line may nm along the leading edge, causing a gradual loss of 
drive over the rear parts of the sail arrl hence an increasing tendency to 
force the sail and craft to an increasing angle of attack, causing part-span 
vorticity to be shoo fran the sail. It is expected that sarewhere in the 
middle of this process the greatest drive would occur. Whilst this cannot be 
regarded as stalling in the nonnal sense it could if uncontrolled lead to a 
phugoid type of oscillation. 

In the event of the shape and fonn of the leading edge spar and sweepback 
angles being exactly right (or exactly wrong fran our point of view!) it is 
possible to imagine an attachrrent line (the place ~e separated flow starts) 
which divides the air drawn into rolled-up vortex "sheets", caning fran the 
leading ooge, fran air which flows predaninantly rearwards across the sail. 
SUch an attachment line must intersect the trailing edge. Differing flow 
directions on either side of the sail each arriving at the trailing edge 
points of intersection '«>Uld give a shear to the vortex sheets which tNOuld 
divide and roll up into new vortex sheet swirls. It is difficult enough to 
visualise without trying to guess hCYN such conditions might vary with 
changing angles of attack. Calculation of such effects tNOuld be totally oot 
of the <;iUestion since forces tNOuld be liable to change in a roost st)ect:a.cular 
and uncontrollable way. 

It is interesting to speculate that (especially with a rounded edge) with an . 
attachment line along part or 100st of the leading edge, a separation "buble" 
might effectively change the shape of the initial camber of sail, giving a 
lift or drive at that angle of attack rather different than expected. 

All this is to suggest a few ways in which we might progress in speed sailing 
with boats. I hope others will be inclined to think along even roore radical 
lines. 
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P U B L I C A T I 0 N S 

1 CATAMARANS 
4 CX1I'RICXiERS 
5 SAIL:m:i HULL DES!~ 
6 CX1I'RIGGED OW'T 
1 3 SET.F STEERING book 
Principles and practice. 

1955 
1955 
1956 
1956 
1957 

1 9 HYmOroiL CRAFT 1 958 
30 'lUNNEL AND TANK 1960 
32 SAU~T TES~ 1960 
34 <X!EAN 'IRIMARANS 1 961 
38 CATAMARANS 1961 1962 
42 CATAMARANS 1962 1963 
46 CATAMARANS 1963 1964 
47 aJl'RICXiERS 1963 1964 
50 CATAMARANS 1964 1965 
53 OOI.IJ ffiUISIOO 1965 
66 FOns ICE YACP.TS & SAn$ 1 968 
67 CATAMARANS 1969 1969 
68 aJl'RIGGERS 1 969 1 969 
70 RETIREMENI' YACHI'S & POLARS 1969 
72 CATAMARANS 1970 1970 
75 DEEPWATER SF»WGGTP 1971 
76 SAIL ~,TESr & ~y 1971 
77 'lRIMARAN ~00 1971 
78 CRUIS:m:l CATAMARANS book 1 971 
History of ~sign & Developnent. 
AIRS 1 1971 
AIRS 2 1972 
AIRS 3 1972 
AIRS 4 1972 
AIRS 5 1973 
AIRS 6 1973 
AIRS 7 1973 
AIRS 8 1974 
AIRS 9 1975 
AIRS 10 1975 
79 RUDDER DESI~S book 1974 
Shapes ,Areas arrl calculations 
80 RCXJND BRITAIN RACE 1 97 4 
82 DES!~ Fffi FPS'r SAILING book 
Performance, factors & speeds. 
86 OOTAR 7 6 & SAFEn'Y 
8 7 KITES AND SAILS 
88 YArnT TINDERS & OOATS 
89 FAcr5 & FIGURES 

1974 
1976 

1977 
1977 
1977 
1977 

90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 

HYDROFUIL OPI'IOOS 
Pa-lER FRCM '!HE WIND 
DEEP SEAMANSHIP & OOTAR 70 
SPEEmAIL~ 

SHA.I'.J:.al J:lRAtGfi' OW'T 
RACING HYDROFUILS 
ffiUISER DE.VEIDPMENI' 
SAILS RIGS AND H.YDROroiLS 
WINrMILLS AND KITES 
MmALITHIC :OOATS 
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