


ep Zndder or Vee foilr; have a 
such cannot ""patfirm" waves. 

t reef but, k fp j  ovided with a suita 

Forward pointing feelers and mechanical conizections were the obvious ways to 
begin arance, mainly becailse the arms can als 
crash substitutes are v ~ r y  costly and cannot 
tidier now been worked out, 

The mathematics o f  waw encounters and vertical accelerations in rough seas are 
certai~ly more complex than the simple inclined plane for exav~~ple, but an easy 
method ofcakulation is given, applicable to all vehicles that claim high speeds over 
water. 

Orbital motions control the eflectiveness o f  the various h,ydrofoil rigs so that the 
failure of s o m ~  ~ a r l y  rigs is Y ~ O W  easier to understand- The matter ~f maxin~um 
possible siae is more a commercial than a technical consideration. 

Various control rrzethod,~ are possible but simplicity is always in~portant, while 
ive or power strut .ir much more dificult than one would expect. 

Comparisons on a simple ef ici~ncy basis ar Iways meaning4i;l.l because of 
a1 factors such as seaworthine,~~. branches of technolo~2.y are 
the process o f  the s~lrvival of the Is' already ~f work. 
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must of necessity be passive in nature and must lag (in phase) in relation to the 
wave system. Furthermore the "hoverheight9' (to borrow a new wor 
small, so that the gain in this respect, as compared to the vee-bottom 
hand and the fully-submerged foil on the other, js disappointing. 
matter is basic to the whole discussion about hydrofoils I must now explain this 
in detail. 

Traverse stability with vee-foils depends on hydrofoil geometry and G.G. 
location as shown in Fig. 1. 

Fig. 1 

Assuming the foil assembly to be part of a circle of centre 
heeling, the new immersed area S produces a lifting force 0; then, for stability 
to be positive, C (the C.G. location) must be below 0. This fact of course limits 

ht for a given span. Elements of strut or foil with anhedral have a very good 
effect on stability since for them it is only necessary that C shall be 
which is of course very e3sy.l Apart from this, dihedral on hydrofo 
merit per sc but only insofar as advantage is taken of the two media to allow 
portions of it to emerge. This is because the rather c 

iven by dihedral requires that there shall be some 
vertical areas involved tending to resist it, sideslip i 

In Fig. 2 we have a totally different stability method of an activated class. 
It will be seen that when the craft heels, say to starboard, the lift increase on 
this side, coupled with the lift decrease on the ort side, produces tw 
powerful moments about the X-X axis, namely + L x a  and --Lxa'. 
correspond to a quite fantastic equivalent metacentric height and this 
in fact be far too "stiff" were it not for t1-1 that all incidence increment rates 
are powerfully damped, a free system as n, not being practical except for 
models. 

herefore this method is suitable for very long le s and narrow span 
foils, an essential feature if large waves are to be "'platformed" or ignored, 
Furthermore, the response to a wave shape requires an auto-pilot of some sort, 
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Fig, 2 

the three foils by themselves having no stability: in fact the general arrangement 
is an inverted pendulum an inherently unstable by itself. So whereas the vee-foil 
is a slave to surface changes, this system is not; and in theory the boat can be 
""flown" by hand, by gyroscope (or better still by gyro combined with a vertical 
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forward from there against the obvious that a crash-p 
method is essential for all full stems, otherwise such 
restricted to protected water ope the foils must be run 
and the controls must be faultless. 



Fig. 5 

is the amplitude of the sine curve describe 
the mean foil path (so that the total heave is equal 
frequency of encounter in radians per second so that: 

implicity, we will 

for a design speed of 55 knots. 

/x - 
motion question will be dealt with later.) 
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Fig. 6 

It is interesting to note that, because of the easier wave geometry in the larger 
sizes, the required water clearance tends to zero from waves of 17 ft and over 
(and for 55 knots), so that, were it not for the practical considerations of the 
superimposed waves on the larger wave contours it would theoretically be 
possible to take very large waves without water clearance. At the other end 
of the scale the values for w increase so fast that water clearance has to be 
practically equal to wave height, a condition that is now known as "fully- 
platforming" . 

Csmlorta ble I I Intolerable 

CT OF WATER C L  
Fig. 7 
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at all. 

There will always be col~troversy 
accepted in payment for novel 
ships' funnels even 
W Q ~  much more 
marine travel. whic 
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taken fronl the changing water situation rather than from the direct action 
on roil geometry based on the density-differential. I t  has the advantage that 
the signals may be take11 from an advanced location on the boat, integrated, 
combined, damped, even reversed, or modified by the pilot for banking, and height 
adjustment, The simple inverted 7 of the str~ltlfoil assembly lends itself 
admirably to retraction needed not so much for shallow water as for maintena~ice 
and to avoid corrosion. 

ut if the "outrageous" method of feeler arms was only a means to an end (or 
an episode, in the same way as the Montgolfier was an episode on the long road 
to the "Concord"). 1 still believe that it was an American mistake to apply space 
rocket-class techniques to the rather simple cam-follower type of requirement 
of a water level situation signal. For whereas it is understandable that an aircraft 
lost in fog and needing to make high speed contact with the 
zero visibility cannot push down a pole to feel for chimney pots (and IIIUS~ 
perforce use a sonic or radar depth-sounder to establish altitude), one must 
question whether such sophistication is necessary in the much simpler case 
that now concerns us. (Fig. 8.) The distance is far too short for radar; nor can 
sonar be directed forward, ahead of the bow, because of the effect of scatter due 
to the uneven surface of reflection. 

imx no ~~epellant has yet bcen ercatcd that will rid such 19roQects of swarn~s 
ostly ""bffi~rs", these projects tc~icl to gct out oC l~and,  finishing by producing 

an unrealistically-priced product of very poor reliability. It Is thus that Vats 
RibberZ oC Loclchecd has the right to complain that large hydrofoil costing 
scvcrai million dollars and 2%. years old has only hours of experimental 
Riglit time. Also, despite an est~matcd total of some $50.000.000 of expenditure 
(or- some 50.000 tinres the sales pricc of the small "Hydrofin" deliitrnslr~ator 
takcn to Ncw York) thc Awwicans still have no rcai prcrduct to sell, 

An alternative solution to the need for a tidier type of auto pilot far less 
sbphisticated than sonar beams has now been worked out, known as the '' 
1 Iydrofin", il t must hc wcll undcrstoo t h a t  while ihc concept of thc frilly 



174 IJQOK : THE I-IYDIIOFOIL : POSSIBILITIES AND LIMITATIONS 

submerged foil was accepted with enthusiasn~ because of the advantages already 
explained, the feeler arm 
that this was i~ecessarily 
the bow, since sailing sh 
mechanical feeler arm has 
its size and the fact that it 

be expected to get wiped off on coming alongside. It is also true 
11 of SO many extra gadgets needed to turn the arm into a veritable 
ter has tended to become 

from Fig. 9. In this drawing the servo 
surface so that small waves merely lift 

or loss in height) o 

mple, pushing the steering colulrm forward rotates the tube in the spar. 
ts a slot in the middle of the floating 
setting the foil more negative for the 

the column to port moduces the same action on the ~ o r t  side but the 
opposite ;n the starboard side. 'Therefore the craft banks to bort 
banked until the column is brought back to a central position. 

and will fly 

Bank ly kig 



HOOK: THE HYDROFOTT POSSIBILITIES AND LIMITATIONS 175 

need to separate pitch from roll signals, bringing us back to a modified 
conception is the key to the new "Hydrofin" system. 
e seen that a trailing feeler can give a reversed signal for certain 

wave lengths and is therefore unsuitable, but we have though 
liead seas where encounter s are boat plus wave speed. 
only in terms of pitch signa t a forward and off-centre fe 
prediction advantage in re to beam seas, and in fact none is required 
because they arrive only at wave-speed and the response of the system is always 
adequate to deal with the situation. Only fot- the head sea is this not true, 
because here encounter speed is wave plus boat speed and this is critically high, 
so that prediction is a sine qua non. Furtl ore, pitch-control by the parallel 
motion or' two forwardly pointing arms roll-control by their differential 
has a serious fault. Any damping that is correct for the pitch or critical rates is 
incorrect for the roll so that if one damps enough to get acceptable head sea 
reactions there will be too little differential and the boat will sway dr~inkenly 
sideways to the alarm of the passengers. However this cannot be properly 
~lnderstood without explaining the general effects or  orbital motions. 

This is another situation that the aeroplane does not have to deal with I n  
quite the same form. This has all been too complex for any general treatment 

Fig* I 0  

based on theory alone. uitc apart Tram a backlog of many past fitilures there 
could well have existed some quite impassable ""sonic barrier' and i n  Fact the 
super-cavitaling hydrofoil may never be solved although super-cavitation works 
for propellers. (This seeming anomaly is due to the fact that whereas th 
can accept a non-linear relationship between CL and cc, Ihe foil cannot since 
it introduces an instability that cannot be controlled.) 

A wave, as is well known, is con?posed of circular motions of the water 
@articles in a sequence giving an illusion of t r an~kdon ,  an effect that decreases 
with depth (Fig. 10)- 
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ow a hydrofoil (Fig. 11) will encounter orbital motions Ub which must be 
rially added to the hydrofoil velocity Combin the Ou velocities for the 

different wave pasitions A, R, C,  wit izontal velocity relative 
to the foil -V produces the resultants is larger than - V and it is 
seen that the foil is producing negative lift, a situation that improves somewhat 
at B and becomes positive at 6. All this time ---V has remained constant. 

If we now reverse the wave direction we will get a totally diEerent set of 
conditions. The rising water Uo will increase a fixed foil's lift so that it will 

rcraft engineers ten 
are naval architects 

varying fc,rccs will be vi imilar to those of a craft 



cted to surface wave 
of depth. They have 
balance the otlier 

irreplarities of waves. 

Fortunately there is another, but little known phenomenon, the 
effect and, without oing into details this may be briefly sumn~arisecl as a 
hysteresis tending to level out or nullify all quick ch 
speaking, it takes a travel of about 1 
effective and it is this which explains the total absence of any vibration or 
brutal changes in lift from hydrofoils: a very impo 
with surface planin 

We can now list the essential Ieatures of a prackical sea 
do for maritime travel what the iron rail 
rails over the sea, nor can we build viaduct 
can obtain the same effect from the fully p 

Size. It is probably 011 the matter of size that there are the most misconceptions 

mass tends to zero, which is possibly a reductio ad absurd~im but it makes my 
point. It remains to find a practical ruling in this matter. 

is still difficult to establish a rule for specific power related to s 
ck of experience so that the water 
L/8 are still ody  approximate. T 



figure of 1/50 seems to be genera king two craft where the second 
has a three fold height advanta early be built with 1 f its 
length and 1 133 = 1 127th of the eight of the first, a tren~endous age. 
Now, since a 100 ft hydrofoil weighs about 100 tons, and since this si 1.C. 
can clear a 10018 or a 124 ft wave in level flight (and even a 20 ft wave with only 
74 ft of heave) it follows that on the basis of wave negotiatio 
bigger. This advantage will be better appreciated when it is 
all the "expensive craft9' (i.e. aeroplane, ACV, hydrofoil, helic 
on a basis of high passenger density and this means 2-3 passeilgers per ton in 
hydrofoils: say 250 passengers for our 100-tonner. (Contrast with the normal 
ship's 15 tons per passenger, more or less.) So our first craft looks like having 
to build to 2,700 tons as against 100 tons for the same wave sizes. (This is of 
course a gross over-simplification in t interests of clarity.) How would one 
go about handling 7,000 passengers ? here are the A to B locations where 
such potential passenger flow is to be found? Seasonal demands alone make 
for very costly exploitation. 

Seeing that high density se;zting is only tolerable for 5 t o  6 hours this fixcs 
at  once hydrofoil or ACV range at 200 to 300 miles niaxin~um. Cargoes will of 
course continue to go in ship's bottoms since world economy could not support 
any massive increase in the transport costs of basic commodities and most cargo 
time is lost in warehouses anyway. The point to retain in all this (i.e. the world 
revolution that makes it all possible) is that man is no longer content to travel 
a t  cargo ship speeds and in more or less cargo ship discomfort-in the m o t i o ~ ~  

ay say that the common man is today an avid buyer of the reciprocals 
"'g" and he further wants this for short as well as long range. We 
that, had the helicopter turned out to be cheaper safer and more 
scaling up (rendered impossible because of the rotor and the cube 

square law) there would be 1-10 room for hydrofoils or A.G.V.s and the great 
versatility of the helicopter would meet all needs. Many men now wonder why 
the flying boat was killed so 001-1 and purely on the basis of its handicap on 
long range without due regar for its better versatility, 

It is therefore in view of these manifold consideratiom that one may be 
permitted to doubt whether the American ""megabuck" hydrofoil programme 
will ever reach a 11 American geography not being 

articularly favoura is fact forces the industry to export, 
enerally to the u countries, unable to pay 
evelopment costs. 

carefully document 
London to Rotterdam (town centre to town centre) service by hydrofoil would 
be faster and much more attractive than the rail-air-coach alternative. He has 
also written an exhaustive mathematical study of Hydrofin controls7. 

The Design 

The general appearance of such craft is sccn in perspective in 
12, and it will be noted that when ating it reveals nothing "outrage 
to the most conservative. The crash ane is carried on a bow extension to 

d advantage is taken of this position to mount the pitch sensor under 
no  lwll-sustaining effort is expected of the sensor it may be in the 
'whisker" or hollow steel rod and its information passes up inside the 

keel extension. The crash plane also assists take off and may retract. The objects 
of the cantilever spar protruding from the hull are to increase the span, allow 
clearance for retraction and for the connecting plane which steadies the strut, 
at  the same time providing a fixed hydrofoil for takeoff with pronounced 

al which, as we have seen, is particularly good for stability. (Fig. 1 .) 
or roll whiskers niay also be mounted at  the rear of the main struts 

instead sf at  the chine as shown. All hydrofoil craft in regular service operatc 
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IN THE NEW HYDROFIN NTl CRASH FUNCTION 15 

from quays wliere some fending-off platform has been built to take care of the 
main hydrofoils. For oil r lifeboats the fender may be a 
fixture to the rig, to the b t or inflatable buffer units may be used. Since the 
diagonal fixed hydrofoils replace the need for a deep vee to the hull the struts 
are very short for the water clearance and the bottom very flat. This means that 
for an amphibious landing craft inflatable rollers or tracks could emer 
the bottom after full retraction of the 3 legs as sl-aown in Fi 

Fig. 14 illustrates th controls system in its mechanical form with hy- 
draulic boost servo at stage actually to move the foil. Th 
method can also be wo an electrical amplidyne system (Fig. 1 
servo power could also matic or, for very simple systems, mec 
action may be used throughout. 111 reality the levers are of course much 
than drawn. The pitch signal after possible intervention by a floatin 
(damped) to reduce pitch signals and again by the pilot (not shown) 
into two, after which there is intervention by the differential of the (two) roll 
signals before each half operates the spool valve of the fin ovltrolling 
the foil. Only the spool is shown on the starboard si piston t 
rotate the tube spas for did1 retraction is also shown. show th 
directions of the various signals. 

e propulsion problem ofoil craft are more corn- 
than might at first ly low-flying vee-foil craft 

can use long shafts angle tion is not popu the 
irregular flow to the prop Supramar type.) ying 
incidence-controlled craft jet or Z-drive, i. tical 
drive shaft included inside above and below, the latter 
set being inclosed in an u . 16 shows in some detail a 
power strut that steers and retracts through 1800, and is also fitted with a fail-safe 

' "device that allows it to trail out behind should a very heavy object be struck. 
(Similar systems are also fitted to the main struts.) Tail incidence may be naanually 



veloped in  Gern~any and Norway is 
castings are required, joined in. the rn 

O1~ly two through macl-rinings (at 90" to each other) in each casting. TI 
yoke is another casting, the hydrofoil a fourth. The upper vertical shaft is 
machined with a11 Archimedes screw that lifts oil to lubricate the upper spiral 

els and reverse gear. 
o m  American craft have used a canard confi 

struts so as to reduce the power to be transmitted 
struts is another idea of the same class. Much 
small sizes by using air drive or outboard conversions with extra long extensions 
but in general the demand is still too small for mass productioil of a really 
satisfactory and properly engineered. small unit. The public is looking for free 
rides rather than hydrofoil yachts at this stage in the development and this is 
likely to continue until cross channel services are well installed. 

Seeing that the basic principles involved can offer really well-supported high 
fliglit without any wasteful air losses or need for rubber air containers as with the 
A.C.V., it is obvious that incidence controlled hydrofoil craft will be employed 
mainly for ro~lgh sea passages of short range where the demand is 
and not too seasonal. From the experience gained by these ferries, larger naval 
craft, oil rig boats and lifeboats will follow, based mainly on  the use of the 
marinised gas turbine which will find here another outlet for sales and export. 

Con~parisons On An Eficiency Basis 
The totally different principles involved with hydrofoils and A.C,V, make 

direct comparisons rather complex. Whereas the former is really a flying machine 
so that efficiency can be measured as with an aircraft (i.e. the over-all 
ratio at cruising speeds multiplied by the propulsive eficiency q) the case o 
A.C.V. must be thought of first in terms of the gain obtained by the ground 
eflect or "lift-amplification factor" but this vanishes with altitude and thus 
requires the hovering heightldiameter ratio to be small (e.g. 1/50). 
a severe limitation on altitude ("Aerodynamics", Houghton & 
power for the air cushion to maintain hoverheight must be conside 
from power for forward propulsion, the latter increasing less with speed for 
higher hoverheights, but the latter urse more costly in air losses. 
Fig. 17 shows relative eAticiencies in plotted against spee 
vee-bottom boats, helicopters, A.C. nes and hydrofoils. 
is added a purely theoretical extension into the supercavitating r 
this it is seen at once that on the efficiency basis hydrofoils should be used at 
between 35 and 60 knots, the extra con~plications (compared to normal ships) 
being hardly worthwhile below this speed. The excellent eficiency of the 
aeroplane at high speeds is obvious, pointing clearly to the absurdity of trying 
to use anything else commercially for long range. The helicopter is expensive 
both to run and to build but extremely versatile, not being restricted even by 
mountains. The A.C.V. tends to be expensive but has mixed terrain-ve 
where this can be used. Efficiency will improve with size but this can 
expensive again if the vehicle is forced to become too big to be filled to the 
correct passenger density. Hydrofoils are no more versatile than ships bnt they 
sell tickets three times as fast (as do A.C.V.), so that their extra cost is not impor- 
tant provided they are kept in good employment. Their speciality is very rough 
seas, short range and the virtual elimination of sea-sickness. 

V. H. Van Bibber4 of Lockheed's sums up this last point neatly in his paper. 
to the S.N.A.M.E. Hydrofoil symposium of May 1965 in Seattle as "g" loadings 
vertically, laterally and in heave and pitch equal to ships four times their tonnage 
going half their speed. There is an urgent need for more engineers and scientists 

:bold enough to snake such statements so that we, as a nation, can get on with 
the job and stop procrastinating, 



'The advantage of putting the historical part at the c i ~ d  is that it csiables space 
to be saved that might have otherwise been spent on u~~profitable descriptions 
of ideas or systems that have not survived the test of practical application. 
The variant of the "Hydrofin" as designed in iami for the U.S. Navy atid 
incorporating hydrofoil and strut retraction in full Aight was of this class and 
it would clearly be a waste to give any more time to it he Similarly with the 
possible exception of Canada with its associations with elf, the staclted foil 
idea is out of date and no longer considered to Ise practical.'" Emerging area 
however survives with ""Supramar". Early Italian hydrofoil work around 1906 
by Forlanini, Crocco, Caprini, Pegna and others was mainly coneelitrated on 
assisted take-off for seaplanes, an application that could outrage nobody. 
This requirement vanished when aircraft engine powers were vastly increased 
and take off was no longer problernati~al.~~) I was however just able to obtain 
some assistance in the forni of R.A.E. tank tests motivated by a slight anxiety 
concerning the S.R. Princesses in 1947.11 Bell bought the Fornanini patents 
but his "'Wydrodron~es" were rather too spidery in design to be considered 
practical by the U.S. Navy despite their 71 m.p.h. More simplification and clean- 
ing up was going to be required and this was the main contribution of 
H, von Schertel12 and G. Sachsenberg, a partnership later to become Supransar 
A.G. of Switzerland, designers and licensees of the very successful Vee-foil 
Supramar passenger ferries.13 Supported as minor "V-weapons" (nuisance 
raiders in selected weather or possible North Africa troop carriers) the Schertel- 

achsenberg team gained a head start during the war and wisely took advantage 
of the abundant finance in Switzerland. Their work also gave rise to the Russian 
river hydrofoil system (Fig. 18A) claimed to be almost as cheap and efficient 
as rail. The GrunbergX4 principle first tested in France in 1937 was later taken 
up by Sweden and later in Holland but this hybrid system illustrated in Fig. 18G 
does not platform, nor does it take advantage of LC. powerful transverse 
stability to lift high, since all incidences are fixed in relation to the hull. 

Incidence control, developed by my team at Cowcs, was taken to the U.  
in 1951 and was the only possible choice for the Navy's landing craft ppryject 
since such a craft, by definition, is a following sea negotiator. At that time 11o 
builder would have even contemplated sonic beam control of a marine craft. 
The imeclsanical system enabled such a step to be taken since it provided 
experience of 38 knot speed in a 13-ton craft riding 6 ft waves with approximately 
0.25 g. 

Thereafter American development again split into two branches, Gruns~man's 
with Maritime Administration1" assistance returning to Vee foils for a tinic with 
the Denison despite the fact that the fully submerged foil was already known 
to be far superior for waves. Boeing's and Cibbs & Cox developed the sonic 
beam information technique applied to LC. eitlier in canard or  conventional 
planform. (Fig. 8.) Since the Denison developed cavitation in all waves above 
2 ft for reasons which have been briefly explained on page 176 under "Wa 
EfFect5', the Vee-foil too has been definitely abandoned in the U.S.A., leaving 
in  practice the following surviving methods: 

1 .  Vee-foil ferry craft System Schertel (Supramar) Fig. 18 
2, Surface effect river boats. U.S.S. ,, 18 
3. I .C. "super sopliisticated" (sonic beam) ,, 8 
4. LC, ~nechanical New Hydrofinl(i ,, 18E 

In cost these craft are sharply divided into two groups, and although little 
is known of Russian costs we niay assume them to be comparable to that 01" 
Supramar. Very roughly speaking numbers 1, 2 and 4 are in the £3,500 pcr ton 
class while 3 would appear to cost about five times this or even more. This, 
considering North American geography which is not very favourable as regards 
lslands and climate, n~us t  give rise to doubts as to whether such a costly vehicle 
can find a market in view of helicopter competition.18 
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The reader will already have noticed how many different branches of tech- 
nology are involved in tile exploitation of the hydrofoil for smooth sea travel : 
Naval architecture, aircraft engineering, control engineering, aircraft style 
propulsion engineering etc. In the present age of  extreme specialisation (knowing 
more and more about less and less) this constitutes a very real problem of 
assessment of the relative merits of the different ideas so that the value of studies 
such as that of Professor YangoslS cannot be over emphasised, 
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