
















this foil relative to your datum level. Then the rudder foil can be set right from the 
start to ,just positive incidence" and the boat will then fly level in pitch, any small 
adjustment being made by moving crew weight fore or aft. An adjuster in 1 o steps 
is adequate for tuning. 

Conventionally - i.e. ever since MONITOR - it has been convenient to fix the 
main foils to a cross beam near or under the mast Ideally the line of action of 
horizontal effort of the main foils should nearly coincide with the corresponding sail 
force vector, seen in plan, to give balance in azimuth. The rudder should carry a 
small amount of the leeway, to give weather helm feel. With the main foils at the 
ends of a catamaran's main, mast-supporting beam, this criterion is met either with 
a jib and conventional sail or a wingsail with some area ahead of the mast. 

Roll depends on the moment due to the sail's heeling force being met 
by weight distribution and foil forces. I maintain that for minimum foil drag the 
total of hydrodynamic lift forces must be minimised and that this can be done by 
inclining the struts & foils. (A YRS 101, page 13 and MULTlliULL 
INTERNATIONAL 206, March 1985). 

Keeping the foils horizontal and the struts vertical incurs separate lifting and 
leeway loads, greater bending moments in the struts and more ventilation down the 
struts. The advantage is shorter struts for the same foil immersion. I have been 
gradually reducing the dihedral angle and having deliberately reduced it further than 
I might, the experience with the current 20° tends to confirm that I'm right, because 
more leeway is evident on the struts which need fences to resist ventilation. 
However adjustment is not so easy! 

It is also, in accordance with my theory, necessary to sit amidships to totally 
eliminate leeway from correctly angled struts and to sail upright. This need is 
evident, even if not so far achieved; all three of us who have sailed 
BANDERSNATCH have continued to sit on the weather hull. 

Years of trying to test and prove systems in a hurry led me away from the 
systematic approach. In 1989 I made a determined effort to be systematic, and it 
paid off, even though imperfectly done. Test flying a sailing hydrofoil is much 
more difficult than test flying an aircraft, more akin to what the Wright Brothers 
were doing. So it is essential that everything is accurately set up ashore beforehand 
and recorded: that adjustments can be made accurately and repeatably: and that as 
far as possible there are indicators which can be seen and/or photographed. We 
have boat speed and apparent wind speed indicators, and the crude indicators of 
flap position. The main assemblies can be set afloat to within 0.5° over a range, 
and the feelers raised or lowered in 1.5" (3.8 cm) steps, and the gain adjusted. 
Elastic tension can be preset with a spring balance, and two elastics each side set 
to different tensions give three choices of tension. 

Starting with zero incidence on the main foils and the flaps locked in neutral and 
the feelers raised, I then increased foil rotation by 1° steps until the boat showed 
signs of lifting off at 3°. Then by going back to 2.5° with the flaps and feelers 
working led via some adjustment to a fmal choice of 2.5°. 

Operation 

For each outing a , Trials Schedule" was drawn up and adhered to as much as 
possible, generally accepting that two runs on each tack are enough to validate a 
conclusion before moving on. 



The ideal flying course is between 90° and 1200 off the true wind. From hove­
to one sheets in and points the boat in the right direction. It helps considerably to 
have a sail with a boom vang or a wish-boom so that when sheeted right out -
beyond the traveller - the sail does not twist Full drive can then be obtained with 
the apparent wind 60° off the bow. Our CATAPULT trials were very much more 
difficult because the Cannon rig suffered from sail twist We have broken away 
from the fashion set, I think, by the DART and HOB lE cats and on BLUEY, my 
other cat, have reverted to a horizontal boom with a powerful ,kicking strap" or 
vang. The wish-boom rig, as on the original CA TAPUT's Comet rig does as well 
if not better since it has less end-effect under the non-existent boom. 

Once under way the weather hull lifts up to its designed height: there is no 
need to lean backwards because it won't help. Then as speed increases, and 
maybe you give a jab to the tiller to cause a brief luff, so the boat sings, the lee 
hull comes up and suddenly the boat accelerates. All goes quiet except for the 
whistling of the wind in the rigging and the organ-pipe noises if you have a 
second hand mast. Sheet in that little last bit, shift fore or aft to hold the boat 
level, if you are practised shift inboard, and explore the limits of flight! 

In the case of BANDERSNA TCH the total noise due to the somewhat flexible 
structure is akin to a railway carriage rumbling along. There will be some spray 
particularly if the struts are carrying leeway but nothing like a planing dinghy's. 
Three clean and narrow wakes trail astern. Still photos give little idea of speed. 
The test pilot's problem is in assessing what is going on aboard whilst looking 
where to go, and keeping an eye open for driftwood. Whereas in other boats you 
can lie for hours on deck looking up (and admiring, or not) the set of a sail, on 
a foiler you have seconds only at a time to see what is going on. 

Photographs, and an outside observer with radio communication help, provided 
the pilot can be induced to stop and listen! The temptation to go on flying once 
conditions are right is enormous! 

By the middle of 1990 it was clear that there was not much chance of 
improvement, and that others could be invited to try their hand. So on 28th July 
Pete Silcoc~ an experienced catamaran and tri sailor, who has a THAI cat and a 
heavily modified TELSTAR brought the latter down to the Hamoaze to act as a 
camera platform. After waiting for the wind to rise to 10 knots gusting 12 my 
son gave a demonstration and then he and Pete changed places. After an initial 
minor crash due to sitting a shadP. too far aft Pete was quickly flying, the only 
problem being to get him to stop. Number 28, your time is up! 

It is fair to conclude that the boat can get up and fly in wind of 12 knots, 
maybe a shade less. That gives the potential for a lot of flying on the Tamar and 
in Plymouth Sound Occasionally wind over tide or wakes gave some relatively ·· 
rough water. The boat seems to go even better then, even if the flexing between 
hulls and general rattling increase, probably because the feelers fly the boat to the 
wave tops so that overall strut immersion is reduced. 

I ~ no claims for high speeds. We found somewhat to our chagrin that my 
8 mm ctne camera had been running at something like 14 frames per second rather 
than the 18 f.p.s. set on, so that speeds assessed in the past based on frame 
counts were far toO high. The advent of the electronic SPEEDW A TCH device -
described in another article - has caused us to rethink our ideas on speed 
measurement, which afloat is not as easy as we thought. 0 
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After the Sailboard, a Quantum Leap? 
by Roger Glencross 

,.Science progresses by a thousand tiny strides, not by a few giant leaps". This is as 
true in speed sailing as it 1s in most areas of technology. The speed record has increased 
steadily but slowly and there are signs that the rate of mcrease will slow down. 

Is it possible for the speed record to be raised to, say, 100 knots, at one attempt? I 
believe that it is, and sooner than people expect. There are examples of such quantum 
leaps in science, for example, computers. Their memory capacity, price, compactness and 
speed of calculation have progressed beyond all recognition since the 1950's. Another 
example is the speed of flying craft First a monoplane beat the fastest biplane. Then the 
jet beat the fastest piston-engined plane. Then the earth satellite travelled at 17'000 mph, 
many times faster than the swiftest aeroplane. Then the moon rocket reached escape 
velocity of25'000 mph. 

What can we predict about a quantum leap in speed sailing? Firstly, as in the above 
examples, it could happen sooner than people expect. Secondly, this ultra-fast sailing 
machine will be radically different from the sailboards, which are the fastest craft at 
present, in the same degree that the jet plane differs from the space rocket. 

I believe that sailboards will soon be a spent force. One reason for their success is the 
great professionalism of the board sailor. If you sail seven days a week all year round 
you will achieve great skill and a complete rapport with your craft. Once you have 
attained that skill totally, it can only be improved upon slightly. The craft that does not 
need a high degree of skill and balance yet still possesses a close rapport between craft 
and sailor, speed of rigging, launching and recovery, the ability to change rig or hull to 
suit tl_le wind and sea conditions and is inexpensive, could beat the sailboard by a large 
margtn. 

There is a limit to the amount of sail area that a board sailor can control. His arms are 
of a limited length. The ultra fast sailing machine should avoid this limiting factor. Its sail 
area should be unlimited and not dependent on the sailor's strength to control it. This will 
provide the high thrust force that is necessary to reach high speeds. But along with high 
thrust is the need for the thrust to be near to the direction of motion, so this means 
minimal drag angles. Since most of a craft's drag comes from the water, the hull must be 
as small and light as possible, so will probably be a one-man craft. 

Wavemaking drag is the chief drag force, and it is no use attempting a record when 
!arge ~aves are present Therefore the craft should be designed to achieve its best speed 
m a wmd of, say, 20 knots. Heeling is another important limiting factor, therefore the 
craft should be a non-heeling machine. So ignoring heeling, assuming a boat speed of 
100 ~ots and a true wind speed of20 knots we obtain the triangle of velocities for 
maxtmum speed as follows: 

v6 = 100 kts 
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So the total drag angle ~ is about 12°. Let us assume 6° is air drag and 6° 
is water drag. Oearly the craft will have to be very streamlined. A 6° drag 
angle means a lift/drag ratio of about 10 to 1 (ctg 6°-9.5). With regard to the 
aerodynamic part of the craft, a modern high aspect ratio hangglider can achieve 
an UD in excess of 30 to 1, but not at 100 knots, where more solid wings 
may be necessary. If the plane flies banked with one wingtip so close to the 
sea that the sea acts as a huge wingtip plate this might be achieved. The 
wingtip vortex on the lower wingtip will be suppressed and the induced drag 
reduced. An lrshaped wing brings this to its ultimate limit, with the vertical 
wing providing the horizontal driving force and the horizontal wing flying very 
close to the sea, taking full advantage of the ground cushion effect to reduce 
induced drag. The purpose of the horizontal wing is to support the pilot and 
hull, in whole or in part, and thereby reduce hydrodynamic drag. When flying 
banked a hangglider would perform both functions. The sail area required at 
100 knots would be small, but a larger sail would be required at take-off 
speed So variable geometry, tow-up or jettisoning part of the sail may be 
necessary. 

The hull drag angle at 6° is so small that it would be necessary to dispense 
with a hull and use a foil joined to the hangglider by a line. The buoyancy 
required to support the pilot and hangglider at low speeds is provided by floats 
attached to the glider. These are jettisoned after take-off to reduce air drag. The 
towed foil must operate automatically since the pilot will have his hands full 
flying the glider. He will hardly be able to see the submerged foil which will 
be abeam and slightly behind hi m. 

In order to withstand the forces at 100 kts the foil must be small and 
strong. It must have a surface sensor which keeps it just below the air-water 
interface. At take-off speed a larger foil is needed, so variable geometry, tow-up 
or part jettison may be required. 

The foil provides mainly horizontal lift and some downward pull. It will 
have slight positive buoyancy and a lower wingtip weight to give it the right 
attitude at start-up. Even though dynamic forces completely dominate static 
forces at speed, a top-heavy foil still seems unstable. A towed foil can run 
stably if it is curved. The tighter the curve the greater the stability, but the 
effic1ency is reduced. The reasons for this are explained by Professor 
Hagedoom in AYRS Airs No 2 page 27. Clearly an aerofoil section should be 
used, but a simple flat underside and a segment of a circle on the top side 
may be adequate and would be easy to construct. My experiments show that a 
rudder fixed at a small positive angle is needed to prevent the foil curving into 
the towing vessel. Longitudinal stability is ensured by a long pole atop the foil 
with a float at the front of the pole and the fixed rudder at the back of the 
pole. Rolling is prevented by a two-leg bridle, and since the bridle and tow-line 
are the chief sources of drag, the topmost leg of the bridle and the bridle 
joining point should be above the water. The lower bridle leg should be as thin 
and short as possible and well faired. 

The foil has many problems which the hangglider does not share. The 
hangglider has already been developed It does not have to cope with the 
awkward air/water interface. It benefits from ground effect and does not suffer 
from surface effects or wave drag which reduce a foil's efficiency. However 
my initial experiments with a two square feet curved foil weighing seven 
pounds make me optimistic. The drag angle is so small that I cannot measure it 
and it is stable up to the speed that I have tested it, i.e. 6 knots. 
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Can a foil have a drag angle of only 6°, when travelling at 100 knots? I 
believe so. I reproduce below the table of lift/drag ratios of various foil sections 
from A YRS No 61 as prepared by Edmond Bruce: 

Aspect Ratio =· 6 in all cases. At high Reynold's Nwnbers 

Foil 

Flat Plate 
NACA II(XX)6 

#<XXJ9 
#0012 
#0015 
#0018 
#0021 
#0025 

Max 
l1D 

6.7 
23.5 
22.5 
21.6 
21.0 
19.8 
18.5 
16.5 

Angle of 
attack 
atMax 

UD(deg) 

5 
4 
5 
5 
5 
6 
6 
6 

Cl at 
Max 
UD 

0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 

Max 
Cl 

0.78 
0.88 
1.27 
1.52 
1.53 
1.50 
1.38 
1.20 

Angle of 
attack 
atMax 

Cl (deg) 

15 
16 
18 ...,.., 
44 

22 
..,~ .. _ 

23 
23 

With these NACA sections the frrst two digits 00 indicate that the section is 
symmetrical. The second two digits indicate the chord/thickness ratio at the 
thickest part of the section. The NACA #0012 seems the best overall, but 
strength considerations may force one to adopt a thicker section. If strength were 
no problem one could choose the thinner and therefor less draggy #fXX)6 with its 
unbeatable lJD ratio. The reduction in total lift would be no problem since even a 
small foil would provide adequate lift at 100 knots. Considerations of strength 
might also compel an aspect ratio of less than six, reducing the UD ratio. A 
lower aspect ratio foil would have a wider range of operation, being less sensitive 
to stalling. 

The table of figures is meant for Reynold's numbers of about six million, 
which would be reached by a foil of 15 cm chord going through the water at 
100 knots (Re in water is roughly one million times the chord in m and times 
the speed in m/s, see also A YRS AIRS Nr. 10 page 44)). At much lower 
Reynold's numbers the lift/drag ratio is much worse. The craft may not be able 
to get over this low-speed hump, hence the need to tow up the craft to. say. 30 
knots by powerboat 

The main drag at high speed will not come from the foil but from the bridle, 
float and rudder. The pole will hopefully ride above the surface. There will also 
be some loss of lift due to surface effect, i.e. ventilation, and cavitation. I cannot 
compute this drag accurately, but would hope that a deterioration of lJD from a 
theoretical figure of 23.5 to 1 down to 10 to 1 would cover it. 

In order to encourage the development of such a radical craft the R Y A should 
change its speed event rules by abolishing separate sail area classes, pemti t 
motorised tow-ups, jettisoning of parts and crew, no need to start from rest, craft 
may glide in from nearby clifftops, polymers may be used and no insurance 
requirements needed! In the meantime perhaps A YRS could sponsor such a 
competition. There is no need for large cash prizes. The reward for the winner 
will be immediate world-wide fame! 0 
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Comments on ·"Quantum Leap" 

from Didier Costes 

I read with interest your 
text on fast sailing. I fully agree 
on the high potential of craft 
relative to sailboards, if they are 
designed for self-balance of 
forces without action of the 
helmsman. Looking at the 
enclosed figure, the arc of the 
circle corresponds to a given 
constant drag angle/1 and the 
maximum speed obtainable 

max speed 
downwind 

max speed 

corresponds to the diameter of v T 
this circle. 

max speed 
upwind 

You know my attempts with the "Exoplanes" to reach self-balance using an inclined 
sail and upwind foils. This solution could correspond to true "boats" for official 
records. In my opinion however, "ultimate" sailing consists of connecting by a line a 
good air glider and a good water glider. 

The man may sit in the air glider or below it or stay on a special water glider, with 
remote control of the air glider which becomes a kite. I prefer not to keep the air glider at 
a short distance from the water (air cushion effect as you propose) since any instability 
would precipitate a dangerous crash at high speed. Difficulties concentrate on the water 
glider. My "Seadog" uses a correct high-aspect wing providing a good lift-to-drag ratio, 
and the curvature provides stability. However, the immersed line produces at present a 
dramatic increase in drag at appreciable speeds. I am now developing a new type, of 
which I cannot at the moment provide details, to be used with a small helium airship. I 
expect that this Seadog will give an UD of about 5 at any speed, and a very stable 
hooking into the water despite waves. When the speed increases, the incidence is 
automatically reduced in order to limit the forces, keeping the same heading and the same 
depth of immersion (for stability and for limiting ventilation or cavitation).My first 
French patent on the Seadog is number 1 ,494,784, dated 18 May 1966. It describes the 
Seadog with the curved wing and with an immersed tail, as some speedweek competitors 
have seen it. Its application with an air glider is noted. I cannot guarantee that this is the 
real "first" for this type of sailing. I heard that at the beginning of the century the use of 
a waterboard for airships was contemplated. I would be interested if anyone has any 
further information about this. 

Didier Costes (135 Avenue Victor Hugo, 75116 Paris) 

Chien de Mer 1989 
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Comments . . . (continued): 

from George Chapman (4.3.91): 

J.4tin~: Using air to li~ the craft. requires 816 times the area of submerged foil that is re­
quired tn wa~r. We think that wtth ground effect to help, you would need less area of wing 
for the same lift, but that for the same aspect ratio (as a free flight wing) the wingtip drag 
(my preferred name for what is normally called "induced drag") might be more. On this 
basis the challenge would be to make an air foil as light as a hydrofoil which lifts the same 
load. 

Wavemakin2 Dra2: Normally refers to the waves made by the craft The waves made by 
the wind are different and not so readily susceptible to calculations of drag! 

Reynolds Number. Skin friction drag is about 26% of total drag for an AR=6 foil as 
specified by you, at worst. All t~s of drag increase with speed. If anything the problem 
to worry about with a hydrofoilts how to reduce the area as speed increases, alternatively 
how to support the craft at lower speeds. The drag hump that hydrofoils have to get over 
normally 1s that due to the combined drag of hull(s) and foils before becoming foil borne. 

Foils The Kite-Ski people said at the last Weymouth S~ Meeting that they think a slci 
inclined to provide lift and leeway resistance would have less drag than a hydrofoil on a strut 
- or rather a system of foils on struts, and I am inclined to agree. With good design and very 
skilled operation the area bearing on the water can be varied and reduced as speed rises, and 
the ski caters for waves to some extent The trade-off is skill versus stability. 

Leeway, versus Lift You have to resist leeway. If you provide the lift aerodynamically 
your hapa has to be on a line to prevent you taking off. Its resolved forces are greater than 
those for a lifting foil and because the lifting wing is competing with the depressing hapa 
your drag will be more. 

Leeway and Heeling. If you work out for your 100 knot boat the various angles etc, the 
Drive Force is 10.5% of the (horizontal) sail force. The heeling/leeway force is near enough 
equal to the sail force. It is a very small Drive Force obtained (if you can do it) at the price 
of a large leeway/heeling force. 

Sail Drag Angle versus Apparent Wind Angle. The hull(s) therefore probably enjoy much 
the same drag angle over the range of f3, but as the apparent wind moves round from near 
ahead towards the beam, the area presented by the hull(s) and the shape they present get 
progressively worse in terms of aero drag. The sailboards get round this by virtually 
eliminating the hull.lf you support the total weight on a wing you may need to consider how 
effective it is when the wind - at lower speeds - may be coming towards it at an angle, rather 
than from "straight ahead". Various people have suggested ways to angling the hull(s) to 
face into the apparent wind but I am not aware that anyone has actually done it 

Practicali~. .LONG SHOT shows much of the way forward The hulls are to some extent 
shaped to eep aero drag low at higher values of 8. The foil system is "right" for 
minimising hydro load and drag, and for stability. The sail system has man~ merits. I do 
not like the "feelers" which are draggy and potentially risky: they should traH. Possibly at 
hiWt speeds the two forward foils should become skis? But the rudder foil has to remain a 
foil to hold the stern down on occasion. Indeed the lee foil must have a "hold-down" 
capability as must the weather. I favour skis because of the effect of cavitation, which 
increases drag and damages foils. To avoid cavitation you have to use larger foils than 
would otherwise be needed. Cavitation is generally reckoned to start to take effect at 40 
knots+. 

. 
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from Theo Schmidt: 

The ultimate, hull-less kite/water kite type craft has been proposed by a number of people 
for many years (see following article). Why has noone yet achieved the Quantum Leap? 
Several answers: 

- All kites and hapas (water kites) so far depend on gravity for stabilisation. Most hapas 
also depend on some form of surface sensing. At high speeds the pulling force becomes many 
times stronger than gravity forces and the kite or hapa becomes unstable. Although the forces 
of mechanical surface sensors also increase with speed, so do the magnitude and frequency of 
disturbing forces caused by waves. At some point the stabiliser cannot react quickly enough 
and a catastrophic dive or jump is the result Active stabilisers could be designed, but this 
requires very clever mechanical and fluidic or electronic engineering. Alternatively skilled and 
practised human beings can perform astounding feats of control. A two-person concept might 
work: one flies the kite and one the hapa. 
- Most of the hydrodynamic drag comes from wave and spray making at the surface . 
Although running the hapa deeper will reduce the former and also the onset of cavitation as 
well as make stabilisation easier, the drag of the connecting line or strut increases and the 
considerable drag caused by the inevitable piercing of the water surface remains. 
- On the air side, any structure both strong enough to work at 100 kts and having the 
required small drag angle will be so heavy that it must indeed be towed up. 
- In any manned craft of this nature, failures or malfunctions are likely to be dangerous or 
lethal at these high speeds. 
- The effort and cost required to develop sufficiently fast-acting automatic control systems 
for craft of this nature is so great, that it is unfortunately only likely to happen if such craft are 
useful for killing people or other military uses. 

Therefore I don't think we are likely to see any 100 kt kite-hapas for quite a while, 
although lower speed ones are still a distinct possibility. I think it is more probable that the 
frrst 100 kt sailing craft will be large, perhaps something like the 100 
kt cargo ship proposed by Benn Wynne in 1978: 
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A Short History of Hapas 

In the 1970s, Prof. J.G. Hagedoom 
from the Netherlands devised and 
tested several hapas (after inventing 
this word "because it sounds 
Polynesian "), and proposed using 
these together with para foils, sug­
gesting that so equipped aviators 
could become aquaviators "after be­
ing shot down by the enemy". With 
his publication "ffitimate Sailing", 
Hagedoorn inspired a whole next 
generation of "hapa freaks". 

One of the frrst of the present-day 
experimenters was the frenchman 
Didier Costes (of Exoplane fame), 
who devised several hapas from 
dwing the 1960s to the present day. 
His hapas remain the most efficient 
and the fastest of any built so far, yet 
Costes is generous and has let others 
work with his designs. 

In the 1980s, Theo Schmidt con­
structed and used a range of hapas, 
first testing these in the river Rhein 
and later in southern England. 
Starting with Hagedoom's design, 
he then made several hoop-type and 
inverted TT type hapas and modified 
some of the Costes designs, some of 
this work being done for Keith 
Stew art. 

In collaboration with Schmidt and 
Costes, Keith Stewart started an 
ambitious programme of hapa tes­
ting. Using his inflatable kites, his 
kite-hapas where able to operate 
automatically, in theory capable of 
crossing an ocean unatded. Fitting 
radio controls to both kite and hapa, 
perhaps the first remote-controlable 
kite-hapa was built, capable of 
sailing stablily upwind, downwind, 
and on reaches. 

-2 0-
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Inspired by the European activity, Californian Dave Culp started devising all sorts of kite craft, 
later taking up speed sai1ing with Flexifoil kites. This set off Toni Rusi and William and ~ 
Roeseler thinking seriously about kite-water skiing. Cory is the world's most sucessful kite­
water skier, having both the skill and the stamina to kite-ski hours on end. Another American 
who has been experimenting with hapas, or sea-claws, as he calls them, in conjunction with 
kites, is Harry Morss. 

Roger Glencross set out to actually try Hagedoom's concept in practice. Aquiring a hang-glider 
and constructing numerous hapas, Roger is often seen in Portland harbour in a motor ~tor 
on a jetty with a line out to side, exercising one of Costes's "chiens de mer" or one of his own. 
Glencross is prudent enough not to risk his life trying to fly his craft, up to now, anyway. 
Many others have explored the hapa concept at some time, including Simon Sanderson, James 
Labouchere, Johnathan Winter and Giles Dunmd, but mostly didn't specificly persue the 
concept of the hull-less sailing craft. 

Theo Schmidt, May 91 

Other Research Societies 
Under this heading we will occasionally review other associations which may be of interest to 
members. 

The Electric Boat Association 

The EBA was founded in 1982 upon the initiative of well-known A YRS member Lord St 
Davids. London-based, its present chaiman is Kevin Desmond ( 122 Olive Road, London 
NW2 6UU). 

The association produces a quarterly journal for members called "Flectric Boat News". Aims 
are to encourage the use and development of electric boats. Regular meetings are held, usually 
on the Thames. In contrast to the rather freaky and unorganised solar boat scene in mainland 
Europe, Anglo-Saxon electric boat exponents own or use mainly traditional designs, like the 
Frolic 21 on display at the last London Boat Show. Such boats owe their excellence to 
evolutionary design and modem materials, but EBA members are also busy with research and 
record-breaking, e.g. the construction of the celebrated "An Stradag" for world record holder 
Lady Arran. 

Membership Secretary is Fraser Brown, c/o The Mouse Hole, Abbey Road, Knaresborough 
HG58HX 

The International Human-Powered Vehicle Association 
I 

P.O. Box 51255, lndianapolis, IN 46251 USA 

Having to do mainly with human-powered land vehicles, there is also a strong involvement 
with human-powered boats, and human-powered aeroplane feats are also well-reported.As in 
the early A YRS days, much of the water activity has to do with hydrofoil racing. Today's boats 
are doing up to 16 kts, still a long way from the 20 kts required to win DuPont's $25000 prize. 

The IHPV A is the official body for ratifying both human-powered land speed records and 
water speed records. The IHPV A was founded in order to recognize the development of 
innovative vehicles not allowed in cycle racing, a situation not unlike that of early multihulls. 
Most individual members are Americans, but many other nations are represented by delegates 
and through their national clubs. 

Members get both HPV News and Human Power, 6-8 issues per year for a subscription of $25 
($20 in USA). 
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Two human-powered hydrofoil racers: 
The afChapman 11, built by students from the Swedish Chalmers University, 
consistently flies at about 12 lets. Veleau is a Dutch project for 4 riders. 

Weight 
Length 
Crew 
Engine 

1 Stabilator 
2 Fin/rudder 

54 kg 
6 meter 
2 pers 
2 pers 

3 ~1ain hydrofoil 
4 F1aperons 
5 Propeller 
6 Strut 
7 Elevator-aileron control stick 
8 Rudder control 
i Flap control 

2 

DRAAGVLEUGEL• WATUFIETS P'ROJEKT 

VEL EAU 

1 

7 

3 

5 
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LONGSHOT: a foiler flys at 37 knots 

Reports in the US magazine MULTIHULLS, for May/June 1990, YACHTS AND 
YACHTING for November 9, 1990, and the US POPULAR SCIENCE for January 1991 
(the US ones courtesy of Harry Morss) describe the flying foiler designed and built by 
Greg Ketterman of Long Beach. The , wire drawing" shows the configuration. According 
to Y & Y, a speed of 37.18 knots was recorded on a lake in Alberta, Canada, in October 
1990, RYA observed and subject to ratification as a World A aass record. 

The pilot sits in a cockpit towards the stem of the central hull. There are two sailboard­
type sails. The main foils are ftxed to the side hulls and reduce their end loss by only 
having one end each. Their incidence is set by the forward reaching feelers which rotate 
each side-hull and its foil independently, flexing the main beam in doing so. The latest 
report shows that there is now a hydraulic buffer/fore-stay to each sail, presumably so that 
the rapid movements of the feelers are attenuated before reaching the sails. The inverted T 
rudder completes what is, in foiler terms, an ,aeroplane" configuration. 

The boat is fast. It does 25 knots on a beam reach in 10-12 knot winds, and needs 
more like 30 for the 37 knot record, maybe more.In winds up to 15 knots it will foil in 
true wind angles between flY and 135° off the wind: at some higher wind speed the boat 
will tack and gybe on foils. 

Bare boat weight is 95 kg (210 lb), LOA 6.3 m (20' 9"), BOA 5.5 m (18'), and sail 
area 13.9 m2 (150 sq.ft.). Apparently it is a wet boat to sail: goggles are very necessary. 
This is not surprising seeing that the feeler on the windward side is directly 
up(apparent)wind of the pilot! The unanswered question is how does one get it off and 
back onto the beach? Does the early Grogono fonnula apply: ttfill eight strong men with 
whisky .... " ? At last there is more than a glimmer of hope that a proper- well, a 
reasonably proper- boat will go faster than a sail board. 

LOA 
LWL 
BOA 
SA 
DISP 

Drawing by 

20 . 9" 
14. 8. 
j8' 
iSO SF 
2i0 LBS 

GREG KE I I ERMAN DESIGNS 

(Reproduced from MUL11HUUS, 

May/June 1990) 

STARBOARD 
~..---SAIL 

FOIL 
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Affordable Wind and Water Speed 
Measurement 
by G. C. Chapman 

At the April 1990 Calshot Speed Weekend, Torix Bennett the importer of the 
Swiss-made SPEEDW A TCH showed us this device, mainly intended for use in 
sailboards. Subsequently my son acquired one for use on my sailing hydrofoil 
BANDERSNA TCH and on other of our boats. 

A waterproof display unit (see sketch below) contains the solar panel which 
powers the electronics and the three digit LCD with 18 mm high numerals, 
reading knots to one decimal place. 

Wind or water speeds are detected by small impellers, each containing a 
permanent magnet When either (but not both at the same time!) is rotated by its 
medium the rotating magnetic field is detected by the display unit which updates 
it's indication at regular and accurate one second intervals. To be effective the 
rotating impeller must have it's axis at approximately right angles to the line to 
the display, and according to the instructions must be within 50 cm. We found 
that the waterspeed must be at least 6 knots to give a reliable indication at 50 
cm: the inverse square law applies so for lower speeds the distance must be 
less. The wind sensor is normally attached to the display unit when the device 
is hand-held, and then it indicates down to about 1.5 knots. 

For ,.proper" boats a remote sensor is available, comprising an encapsulated 
coil on a magnetic core, 10 m m diameter by 52 m m long, showing a resistance 
of 42 k!l, with some 2.5 m of twin cable which plugs into the display. The 
coil must be within 12 cm of the waterspeed impeller to read at 1.5 knots. We 
also used a coil of 12 k!l (from a relay) which would give greater sensitivity, 
so that the impeller (on the rudder) could be some 70 cm below the coil (on 
the rudder stock) when it would read at 7 knots plus. A larger coil, 6.5 kfl 
from a PO relay reads at 3.5 knots plus at 70 cm. 

• ro c u J.:J 

:J)a~P'-"~ Fvu.. srz.£ - VEt e lto IE.Mue b 
M AY.. Tt-ttc.K,..~E..~ 25 ~~ 
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We have concluded that the instrument works by counting the number of 
revolutions of the impeller in each second and converting that to the three digit 
(tens, units, tenths) display, which is updated every second We find that when 
holding the display unit near a 50 Hz mains transformer it shows 3.9 knots. 
Remove the display far enough away to show random numbers. Then as soon 
as the number has changed move it rapidly to the transformer and 3.9 is only 
shown at the second refresher; some random number is shown at the first This 
suggests that the mechanism is one of counting, so that the speed indicated is 
the average over the second of time rather than the instantaneous speed at the 
end of the second. 

As an aside, conducting the above test led to the observation that in a 
particular location near the transformer (but outside it's 3.9 knot influence) the 
random numbers displayed were in the tens; a few inches .either side and the 
numbers are in units. Three of us could demonstrate this effect Using a torch 
instead of the mains lamp had no different effect Placed in a particular spot on 
my desk the display favours 2.5 as it's random display and will hold it for 
seconds at a time. It remains to be seen whether this device can detect ESP or 
be of use to diviners. John Morwood would have been fascinated - and would 
have suggested the next line of research. 

I have found the display somewhat disconcerting because I am used to 
analogue meters with needles. It takes a conscious effort to discount the 
continually changing ,tenths" which, because the digits are all the same size, 
have disproportionate publicity. The corresponding movement of a needle on a 
meter where the knot graductions are between 2 and 5 mm apart is much less 
noticeable. 

Over the season we have tried to check whether the accuracy is indeed the 
1 % claimed, between 2 & 40 knots in water, 2 - 80 in wind. 

The frrst trial involved mounting the water impeller on a trolley which can be 
pushed along the side of the swimming pool. Wheels with vertical axes keep the 
trolley correctly located relative to the pool edge. One person pushes the trolley 
at a fast walk/slow run and attempts to keep the indicated speed constant. The 
assistant takes the time over a measured distance. The scatter of results was 
considerable and we rejected them. 

At Calshot my Smith's water speed meter (really a pressure gauge 
appropriately calibrated) using a pitot hole in the leading edge of the rudder read 
low compared with the timed measurements. I corrected this by fitting a short 
tube projecting forward of the leading edge and indications then seemed to 
recover. At Weymouth in the '70s the meter had given good correspondence 
with the RYA figures, with another rudder, so we now believe the Smith's 
meter is about right. 

Photographs taken aboard BANDERSNA TCH when flying at between 11 and 
maybe 15.5 knots (by Smith's) show that on 7 out of 8 occasions the 
SPEEDW A TCH indicated less than the Smith's by an average over the 8 photos 
of around 9%. The SPEEDWATCH speeds jumped about by ± 1 knot and more 
each second. We suspect this is because the impeller is mounted behind the 
rudder which carries some leeway. It is reasonable to assume that the rudder 
drags some turbulent wake behind it and this could account for the low 
indication as well as for part of the considerable variations from second to 
second, since smaller variations are shown on the Smith's meter, whose pitot 
tube is in undisturbed water. So it seems that the boats speed varies 
continuously and by more than the helmsman might think from the nature of the 

.d " ,n e . 
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By contrast, on my son's electrically propelled canoe in calm water with the 
impeller on a 12 mm chord strut, indicated speed at 4.9 knots was steady, 
varying only by a tenth of a knot; but we did no timed runs so accuracy per se 
was not checked. Holding the impeller under a tap with a smooth flow can also 
give a steady reading. 

A device used by the water authorities to measure flow in rivers - down to 
very low speeds - has it's· impeller on the upstream side of the strut, i.e. facing 
rather than trailing. Reputedly propellors are also more efficient when forward of 
their skeg; but both are then vulnerable to debris, and on practical grounds it is 
probably better to have the SPEEDW A TCH impeller trailing behind a sailboard 
skeg or a boat's keel or rudder. 

But we suggest it should be in a position to avoid turbulence as much as 
possible, and in any case be mounted flexibly, as indicated in the instructions. 

The mains 50 Hz induced indication of 3.9 knots taken with the outside 
diameter of the impeller (12.5 mm) indicates that the pitch angle should be 44.7° 
at the outer edge for no slip. As far as we can see this is so. but if there iS 
any slip then the impeller will rotate slower and give a lower indication. 

We tested the wind speed device holding it out of a car window at up to 35 
knots, on a flat calm day, and the indications agreed well; again, the car's 
speedo was unchecked by stopwatch and distance. 

Comparison with a Dwyer WIND METER, in which a 2 mm pith ball moves 
up a glass tube showed that the excursions - gusts and lulls - appear greater 
with the SPEEDW ATCH presumably because the inertia of the pith ball and the 
damping action inside the tube slow down the Dwyer's response. 

Sound studios use a Peak Programme Meter (PPM) to indicate the sound 
level. This analogue meter has differential damping so that the needle responds 
rapidly to peaks but falls back slowly. This apparently gives studio staff a 
happier indication of whether they have set the microphones and the volume 
controls satisfactorily, and is less tiring to monitor than a domestic , VU" meter 
which responds equally quickly either way. Perhaps if we were to use such 
meters to indicate wind and boat speed our claims of high speeds would be 
even greater than they already are! 

So we have no grounds for doubting the device's accuracy. With the water 
speed impeller mounted in a suitable turbulence-free location the device will tell 
you a lot about your boat's speed that you didn't know before. It is a matter of 
mental discipline to disregard the ,tenths" if they jump about too much - or put 
a piece of sticky tape over it and just read knots! A well made device and 
worth the money. 

The frrst time we have seen it advertised was in YACHTS AND YACHTING 
for 28 September 1990: Sailboard version £56: Remote model £69: anemometer 
only £48. Add 95p P&P. 

Technical Exponents Ltd, 74 Waterford Road, LONDON SW6 (071 736 86 15) 
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A YRS Publications 
1 Catamarans 1955 £3 67 Catamarans 1969 1969 £3 ., .. Hydrofoils 1955 £5* 68 Outriggers 1969 1969 £3 
3 Sail Evolution 1955 £5* 69 Mullihull Safety Study 1969 £5* 
4 Outriggen 1955 £3 70 Retirement Yachts/Polars 1969 £3 
5 Sailing Hull Design 1956 £3 71 SIH Transatlantic Races 1970 £5* 
6 Outrigged Craft 1956 £3 72 Catamarans 1970 1970 £3 
7 Cat. Construction 1956 £5* 73 Trimarans 1970 1970 £5* 
8 Dinghy Design 1956 £5* 74 Sailing Hydrofoils (Book) 1970 O.o.P. 
9 Sails&. Aerofoils 1956 £5* 75 Deepwater Seamanship (Book) 1971 £5 
10 American Catamarans 1956 £5* 76 Sail Trim, Test & Theory 1971 £3 
1 1 The Wishbone Rig 1957 £5* 77 Trimaran Selection 1971 £3 
12 Amateur Research 1957 £5* AIRS 1 1971 £3 
13 Self-Steering (Book) 1957 £8 AIRS2 1971 £3 
14 Wingsails 1957 £5* AIRS3 1972 £3 
"15 Catamaran Design 1957 £5* AJRS4 1972 £3 
16 Trimarans & Outriggers 1957 £5* AJRS5 1973 £3 
17 Commercial Sail 1958 £5* AIRS6 1973 £3 
18 Cat Developments 1958 £5* AJRS7 1973 £3 
19 Hydrofoil Craft 1958 £3 AlRS8 1974 £3 
20 Modern Boatbuilding 1958 £5* AIRS9 1975 £3 
21 Ocean Cruising 1958 £5* AIRS 10 1975 £3 .,., Catamarans 1958 1958 £5* AIRS 11 1975 £5* --
23 Outriggers 1958 1959 £5* 78 Cruising Cats. (Book) 1971 O.o.P. 
24 Yacht Wind Tunnels 1959 £5* 79 Rudder Design (Book £6) 1974 £3 
25 Fibreglass 1959 £5* 80 Round Britain Race 1974 1974 £3 
26 Sail Rigs 1959 £5* 81 Sail Rigs 1976 1976 £5* 
27 Cruising Cats. (Book) 1959 O.o.P. 82 Design/Fast Sailing (Book) 1976 £12 
28 Catamarans 1959 1959 £5* 83A Joumal83A 1976 £5* 
29 Outriggers 1959 1960 £5* 838 Journal 83B 1976 £5* 
.30 Tunnel &. Tank 1960 £3 84A Hydrofoil 76 1976 £5* 
31 Sailing Theory 1960 £5* 848 Hull Research 76 1976 £5* 
32 Sailboat Testing 1960 £3 85A Kite Sail Rigs 76 1976 £3 
33 Sails 1960 1960 £5* 858 Boatbuilding &. Materials 1976 £3 
34 Ocean Trimarans 1961 £3 86 OstM 76 &. Safety 1977 £3 
35 Catamarans 1960 1961 £5* 87 Kites & Sails 1977 £3 
36 Floats, Foil &. Flows 1961 £5* 88 Yacht Tenders&. Boats 1977 £3 
37 Aerodynamics I 1961 £5* 89 Facts &. Figures 1977 £3 
38 Catamarans 1961 1962 £3 90 Hydrofoil Options 1978 £3 
39 Trimarans 1961 1962 £5* 91 Power from the Wind 1979 £3 
40 Yacht Research I 1962 £5* 92 Deep Seaman'ship 1979 £3 
41 Yacht Research U 1962 £5* 93 Spc:edsailing 1979 £3 
42 Catamarans 1962 1963 £3 94 Shallow Draught Craft 1980 £3 
43 Trimarans 1962 1963 £5* 95 Racing Hydrofoils 1982 £3 
44 A.Y.R.S. Yachts 1963 £5* 96 Cruiser Development 1983 £3 
45 Basic Research 1963 £5* 97 Sails, Rigs & Hydrofoils 1983 £3 
46 Catamarans 1963 1964 £3 98 Wmdmi.lh &. Kites 1983 £3 
47 Outriggers 1963 1964 £3 99 Megalthic Boats 1984 £3 
48 Yacht Electrics 1964 £5* 100 Efficient Performance 1985 £3 
49 Keel Yachts 1964 £5* 101 Windmills & Hydrofoils 1985 £3 
so Catamarans 1964 1965 £3 102 Sailboards & Speedwoek 1986 £3 
51 Foil & Float 1965 £5* 103 Optimum Yachts 1987 £3 
52 Trimarans 1964 1965 £5* 104 Multihull Cruisen 1988 £3 
53 Solo Cruising 1965 £3 105 High Speed Sailing 1989 £3 
54 Catamarans 1965 1966 £5* 106 Seaworthiness/Stability 1989 £3 
ss Trimarans 1965 1966 £5* 107 Low Drag Craft 1990 £3 
56 Sailing Figures 1966 £5* 
57 Round Britain 1966 1966 £5* * Out of print.Photocopies only 
58 Practical Hydrofoils 1966 £5* available from the administrator. 
59 Muhihull Design/Cats. 1967 £5* 
60 Multihull Seamanship 1967 £5* Prices from 1.1.91, aubject to change 
61 Sailing Analysis 1967 £5* 
62 Hydrofoil Victory 1967 £5* Postag~ (surface rates): 
63 Muhihull Capsizing 1966 £5* UK Overseas 
64 Catamarans 1967 1968 £5* Paperl>acb SOp £1 
65 Trimarans 1968 1968 £5* Books £1 .00 At cost 
66 Foil!/lce Yachts/Sails 1968 £3 



Reefable Sailboard Sail SWING -WING by Michael Edwards 


