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ABSTRACT OF THE DISCLOSURE 

A hydrofoil having air exit apertures arranged at the 
underpressure region of the hydrofoil and at least one 
controllable valve means for delivering air to such air exit 
apertures. According to the invention, means are provided 
which are responsive to changes in pressure and cooperate 
with the valve means in a manner that upon appearance 
of pressure changes such valve means is actuated at least 
in certain pressure ranges. ‘ 

The present invention relates to an apparatus for hy 
drofoils which are provided with air exit openings or aper 
tures at the underpressure or low-pressure region of the 
foil to which air is delivered through the agency of at 
least one controllable valve. 
A known apparatus of this type where the hydrofoil 

operates in the region of cavitation exhibits valves by 
means of which there is regulated the delivery of air to 
the upper side of the foil for in?uencing cavitation, and 
thus lift, for the purpose of maneuvering and which can 
by manually controlled (Italian Patent No. 549,266 
Grattarola). In this known apparatus, due to the under 
pressure prevailing during movement at the suction side 
(underpressure or low-pressure side) of the foil, air is 
sucked from the atmosphere which then streams out of 
the air exit apertures at the upper side of the foil and 
thereby reduces cavitation. However, in certain cases 
there is also provided for the infeed of pressurized air to 
the air exit apertures. 
Up to the present, no apparatuses have become known 

to the art which automatically counteract at such hydro 
foils the lift ?uctuations periodically occurring in the mo 
tion of the water, the cavitation or the increase of lift dur' 
ing increase of velocity due to the admixing of air in the 
?ow stream. 

Accordingly, it is a primary object of this invention to 
provide an improved apparatus by means of which it is 
possible to effectively solve the aforementioned problem. 
A further, more speci?c object of this invention is par 

ticularly directed to the provision of an apparatus by 
means of which it is possible to reduce, or even complete 
ly suppress, the ?uctuations in lift, which occur through 
change of the angle of attack in the orbital motion of’ the 
water or with changes in velocity of the watercraft. 
Owing to the inventive apparatus, it is possible to con 

siderably improve the behavior of the foil and the water 
craft carried thereby in the waves or motion of the wa 
ter and/ or during changes in speed. By appropriate con 
struction of the apparatus, it is also possible to suppress 
the increase of lift which occurs with increase of the ve~ 
locity of the foil with respect to the water and which pre 
viously resulted in a reduction of the immersion depth 
with partially submerged foils and, thus, also in a reduc 
tion in stability. ' 
By appropriate construction it is possible, by means of 

the new and improved apparatus, to reduce the lift of 
the foil by regulating the quantity of air ?owing to it from 
the atmosphere in non-linear relationship to such. 
The apparatus is applicable for use in conjunction with 

partially submerged as well as fully submerged foils.‘ 
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According to the invention, with an apparatus of the 

previously mentioned type, there are additionally arranged 
at the underpressure region of the foil, elements which re— 
spond to pressure changes and which are operably con 
nected with the valve or its slide in such, a manner that, 
with the appearance of changes in pressure, the slide is 
actuated at least in certain pressure ranges. 
Due to this apparatus, according to one embodiment, 

it is possible to deliver air to the suction side of the foil 
as soon as the angle of attack increases due to the orbital 
motion of the waves, whereby the increase in lift is com 
pletely or partially suppressed. According to another 
physical embodiment, the pressure side of the foil is sup 
plied with air as soon as the angle of attack becomes 
smaller, whereby the reduction in lift is completely or par 
tially stopped. It is also possible to implement the physi 
cal structure of inventive apparatus such that control of 
delivery of air takes place to both sides of the foil. 

Experimentation has shown that also cavitation which 
changingly occurs in the waves or swell at uncontrolled 
foils of faster watercraft can be prevented by the intro 
duced or delivered air quantity insofar as such is main 
tained sufficiently large, so that the known consequences 
of cavitation can be prevented. These are not only the in 
creased resistance and the erosion of the material of the 
foil, but rather also the dangerous effects of cavitation at 
the pressure side of the foil with negative angle of attack 
which leads to pronounced downward pressure forces 
which allow the watercraft to strike the waves hard. 

According to a further embodiment, the inventive ap 
paratus can be constructed such that an increasing air 
quantity automatically discharges at the upper side of 
the foil when the velocity of the watercraft increases rela 
tive to the water, whereby the lift of the foil can be main 
tained practically constant. 

Other features, objects and advantages of the invention 
Will become apparent by reference to the following de 
tailed description and drawings, wherein like reference 
characters have been generally used throughout the vari 
ous embodiments for the same or analogous elements 
and, for the sake of clarity in illustration, the air admis 
sion control valve is depicted in considerably enlarged 
scale with respect to the foil, and wherein: 
FIGURE 1 schematically illustrates a first embodiment 

of control device with an air admission valve for in?u 
encing the suction side of the foil wherein this foil is 
depicted in cross-section; 

, FIGURE 2 schematically illustrates a further embodi 
ment of the control device with an air admission valve 
for in?uencing the pressure side of the foil and once 
again, such foil is shown in cross-section; 
FIGURE 3 schematically illustrates a third embodi 

ment of control device having an air admission valve for 
in?uencing both the suction side and the pressure side 
of the foil with the latter shown in cross-section; 
FIGURE 4 schematically illustrates a fourth embodi 

ment of control device incorporating air admission valve 
for in?uencing the suction side of the foil shown in cross 
section; I 

V FIGURE 5 is a plan view of a hydrofoil for the pur 
pose of illustrating the arrangement of the air exit aper 
tures and suction apertures at the hydrofoil; and 
FIGURE 6 is a sectional view of the foil depicted in 

FIGURE 5. ’ 

Describing now the drawings, it will be recognized 
' that in the exemplary embodiment of FIGURE 1, refer 

ence character 1 designates the air admission valve, 
whereas reference character 8 denotes the hydrofoil. The 
air admission valve 1 is normally located above the sur 
face of the water at the non-illustrated boat or water 
craft and is provided with an air inlet or‘ intake conduit 
3, ‘the free end of which opens into the atmosphere or 
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can also be operably connected with a non-illustrated air 
container or reservoir. Internally of the hydrofoil 8 
there is located a foil chamber or compartment 15 which, 
as shown in FIGURE 5, advantageously extends over the 
full spread of the foil 8 transverse to the lengthwise di 
rection of the watercraft and is provided throughout sub 
stantially its entire length with air exit apertures or 
openings 16 leading to the upper surface of this foil 8. 
Foil 8 is secured by means of non-illustrated brackets or 
supports to the hull of the watercraft, in a manner well 
known to those versed in the art. 
The inner ‘compartment of the air admission valve 1 is 

connected in the region of its central portion with the 
chamber 15 of the foil 8 by means of an air inlet duct or 
conduit 14. The slide 4 of the air admission valve 1 
carrying the pistons 4' and 4" is displaceably or slidably 
arranged for movement along the lengthwise axis of the 
cylindrical valve housing 2. The forward piston 4’ serves 
as a valve element for controlling the admission of air 
via the air intake 3 and connecting duct 14 to the foil 
chamber 15, whereas the second piston 4" serves as a 
pressure equalization piston. The left side of this piston 
4” is subjected to the external pressure ‘admitted via the 
opening 2a at the valve housing 2. This piston 4" also 
serves to eliminate axial forces which would appear when, 
with opened air delivery, an underpressure or low—pres 
sure occurs between the pistons 4’ and 4" in the air ad 
mission valve 1. 
A closing spring 5 in the form of a spiral or helical 

spring is housed‘ in the forward valve compartment 21. 
The left end of this closing spring 5 bears against the pis 
ton 4' of the slide 4 while its right end bears against a 
valve disk or plate 12. Closing spring 5 is normally biased 
or prestressed in such a manner that it keeps the valve 1 
closed and against the action of the atmospheric pres 
sure which operates from the left against the piston 4", 
as such is best depicted in FIGURE 1. 
The valve disk 12 which is secured against rotation is 

provided with an internal threading with which engages 
a rotatable spindle 11. The latter is arranged axially in 
the valve housing 2 and is secured against axial displace 
ment. Thus, it is possible to displace the valve disk 12 
by appropriately rotating this spindle 11. For the pur 
pose of operating spindle 11 there is mounted at its free 
end a gear 13 which, in the embodiment of FIGURE 1, 
is at the right of the drawing. Gear 13 can be operated 
from the pilot -or control area of the watercraft through 
the agency of any suitable expedients, such as non-illus 
trated known connection elements, for example a chain 
or a ?exible shaft having a pinion secured to its end. In 
this manner it is possible to regulate within predetermined 
limits the prestress of the spring 5 and, thus, the point 
of opening of the valve 1 and thereby the quantity of air 
delivered to the foil chamber 15. 
The forward valve chamber or compartment 21 is 

connected via a control conduit 6 with a control chamber 
or compartment 7 arranged in the neighborhood of the 
forward edge of the foil 8 and within the body of such 
foil. This control chamber 7, as best recognized by re 
ferring to FIGURE 5, extends over a relatively small por 
tion of the spread of the foil 8 and transverse to the 
watercraft. It will also ‘be seen that suction channels 9 
lead from the control chamber 7 to the upper side of the 
hydrofoil 8 in the region of its forward edge towards the 
outside. 
The entire apparatus previously described functions 

in the following manner: The closing spring 5 is dimen 
sioned and adjusted such that with normal movement 
of the watercraft it holds the air admission valve 1 
closed. It is compressed by the external pressure acting 
from the left upon the piston 4" as soon as an apprecia 
ble underpressure appears in the control compartment 
7 and thus also in the forward valve compartment 21, 
which is the case during increase of the angle of attack 
or the relative velocity of the foil 8 to the water. Upon 
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4 
compression of the closing spring 5, admission of air to 
the foil chamber 15, via the air inlet 3 and connecting 
duct 14, is rendered possible at a predetermined under 
pressure which is dependent upon the adjustment of the 
aforementioned spring. As should be readily apparent, 
the degree to which the air admission valve 1 is opened 
is dependent upon the magnitude of the underpressure 
prevailing in the valve compartment 21. By appropriate 
dimensioning of the elements of the apparatus, it is pos 
sible by virtue of the action of the air quantity ?owing 
to the foil compartment 15 and escaping from the air 
exit apertures or channels 16 to maintain the lift approxi 
mately constant during increase of the angle of attack 
and/ or the velocity of the watercraft. 

In order to be able to arbitrarily or freely open the air 
admission valve 1 from the pilot’s compartment or con 
trol area of the watercraft, a rocking or tilt lever 23 is 
mounted for pivotable movement at a pivot bolt 26 se 
cured to the housing 2 of the valve 1. One end 23' of this 
rocking or tilt lever 23 is connected with an actuating 
member 24 leading to the pilot’s compartment, for in 
stance a traction cable. The other end 23" of such oper 
ating or tilt lever 23 is coupled with an axial extension 
25 of the slide 4, so that upon pulling the cable 24, the 
tilt lever 23 is rocked in counterclockwise direction, there 
by pressing the slide 4 towards the right and freeing the 
delivery of air from the air inlet or conduit 3 to the con 
necting duct 14. This manner of actuating the air admis 
sion valve 1 can be employed for the purpose of brak~ 
ing the watercraft. When this is done, the lift of the foil 
8 is considerably reduced, so that the body or hull of the 
boat immerses and thereby the resistance is considerably 
increased. 
By means of a valve unit possessing the construction 

depicted in FIGURE 1, it is possible as will be developed 
hereinafter, to also regulate the delivery of air to the 
underside of the foil. Moreover, by using two such valves, 
it is possible to regulate the delivery of air both to the 
upper side as well as to the underside of the foil. 

In the embodiment of apparatus depicted in FIGURE 
2, for the purpose of in?uencing the pressure at the un 
derside of the foil 8, the chamber or compartment 15’ of 
such foil 8 is connected with air exit apertures or channels 
16' which communicate at the bottom or underside of 
said foil with the outside. Accordingly, the control cham 
ber or compartment 7', arranged at the region of the 
forward edge of the foil 8, is operably connected with 
downwardly directed suction apertures or channels 9' 
which communicate with the outside or surroundings at 
the region of such forward edge. Similar to the embodi 
ment of FIGURE 1 previously considered, here also 
a control conduit or duct 6 leads from the control cham 
ber 7' into the forward valve chamber or compartment 
21 of the air admission valve 1. 

In contrast to FIGURE 1, in the apparatus of FIGURE 
2., there is not provided any spring for closing the valve 
1, rather the closing force of the valve, in this case, is 
provided by generating an underpressure at the left or 
rear valve chamber 22. This valve chamber 22 is, for this 
purpose, connected with an additional chamber 7" by 
means of a duct or conduit 10. Chamber 7", similar to 
the previously considered chamber or compartment 7', is 
arranged at the region of the forward edge of the foil 
8 and is provided with a suction channel or a number of 
suction channels 9" which lead to the outside at the upper 
surface or side of the foil and in the region of the for 
ward edge thereof. 
When the pressure force effective at the right side of 

the right piston 4' is larger than the pressure force effec 
tive at the left side of the left piston 4", then the slide 
4 is pressed to the left so that the valve 1 is closed. This 
is generally the case, that is, during normal angle of at— 
tack, because then there appears in the control cham 
her 7' no, or only a very small, underpressure with re 
spect to atmosphere, whereas in the compartment or 
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chamber 7" there exists a greater underpressure with re 
gard to the atmosphere, in other words, smaller pres- ' 
sure, Accordingly, the forward valve compartment 21 
communicating with the chamber 7’ has a greater in 
ternal pressure than the rear valve compartment 22 com 
municating with the chamber 7", and the slide 4 is held 
in the depicted closed position, in which the admission 
of air to the chamber 15' of the foil 8 is blocked by 
means of the larger pressure acting from the right or 
the front upon the slide 4. 
Only then when the foil 8 is attacked with a negative 

angle is there formed a larger underpressure at the under 
side of the foil and at the suction openings 9’, whereas 
at the same time the suction reduces at the mouth of the 
channels 9" at the upper side of the foil. Consequently, 
a higher pressure appears at the rear valve compartment 
22 than in the forward valve compartment 21, so that 
the slide 4 is moved forwardly and the valve 1 thereby 
opened. Due to the quantity of air delivered to the foil 
chamber 15’ via the conduits 3 and 14 upon opening of 
the valve 1, and which air streams out through the aper 
tures 16’ at the underside of the foil 8, the underpres 
sures produced at the underside by the negative angle of 
attack is again decreased and thereby the lift is increased. 
That is to say, there is counteracted the reduction of the 
lift‘brought about by the negative angle of attack. 

Since the forces produced by the underpressure at the 
suction side (upper side) of the foil 8 considerably out 
weight those at the pressure side (underside), as a gen 
eral rule the closing force is too large in the embodiment 
depicted in FIGURE 2, so that the valve 1 will not be 
opened as soon as such is desired. Now, in order to 
obtain quicker opening of the valve 1, there is additional 
ly provided a needle valve 17, the valve element 17’ 
of which is adjustable. With the aid of this needle 
valve it is possible via the connecting conduit 10' to 
introduce additional air from the atmosphere into the 
conduit 10, whereby the pressure in the rear valve 
compartment increases, and thus opening of the valve 
1" is assisted. The opening and closing movements of 
the needle valve 17 are preferably controlled from the 
pilot’s compartment of the watercraft in any suitable 
well known manner. 
As a variant construction, it is possible to provide in 

stead of the needle valve 17 in the embodiment of 
FIGURE 2 an additional closing spring, as was the 
case for the embodiment of FIGURE 1. In so doing, it 
is possible by appropriate dimensioning of the elements 
to achieve that the opening movement or path of the 
slide 4 is proportional to the pressure difference be 
tween the pressures at the suction openings at the upper 
side and the underside ‘of the foil, that is, proportional 
to the negative angle of attack. Since the pressures in 
both valve compartments 21 and 22 change as a func 
tion of the square of the velocity of the watercraft or 
the oncoming flow, the once regulated pressure relation 
ship is maintained for each velocity. Thus, the valve of 
FIGURE 2 only responds to changes in the angle of 
attack due to orbital motion in the waves, however, not 
to changes in velocity of the watercraft. 
FIGURE 3 depicts a variant embodiment of apparatus 

which has been modi?ed with respect to that of FIG 
URE 2 in two respects. First of all, in this embodiment 
there is carried out regulation of the delivery of air 
both to the suction side as well as to the pressure side 
of the foil, and secondly, there is only employed a 
specially designed single valve 1 in which two pistons 
4' and 4” possessing different cross-sections are arranged 
at the slide 4 of the valve 1. 
Both of the pistons 4’ and 4" coupled with one 

another, depending upon their direction of movement, 
free the air passage to the foil chamber 15 provided 
with the air exit apertures or channels 16 at the upper 
side of the foil, or the air passage to the foil chamber 
15' provided with the air exit apertures or channels 16' 
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6 
at the underside of the foil. Corresponding to the arrange 
ment previously considered with regard to FIGURE 2, 
here also the right valve compartment 21, the piston 4’ 
of which controls the admission of air to the upper 
side of the foil, is connected via the conduit or duct 
6' with the suction channels 9’ at the upper side, whereas 
the left valve compartment 22, the piston 4" of which 
controls the delivery of air to the foil underside, is 
connected via the conduit or duct 6" with the suction 
channels 9” at the underside. The piston 4’ for the foil 
upper side possesses a smaller diameter in accordance 
with the larger underpressure prevailing at this location, 
than the diameter of the piston 4” for the foil underside. 
In the manner previously considered in connection with 
the embodiment of FIGURE 2, it is also here possible 
by means of the needle valve 17 to adjust the desired 
equilibrium condition. Pressure springs 5' and 5" which 
act upon the pistons 4' and 4", respectively, ensure that 
the opening path of the slide 4 is proportional to the 
angle of attack. 
The mode of operation of the valve of FIGURE 3, 

which only responds to the orbital motion of the water, 
in principle is‘ the same as the valve of FIGURE 2. 
If the angle of attack increases, then the underpressure 
increases at the right valve chamber 21, whereas it de 
creases in the left chamber 22, so that the slide 4 
travelling towards the right admits air to the upper side 
of the foil. A decrease of the angle of attack brings 
about the opposite operation: air is delivered to the 
underside of the foil. In both cases, the admission or 
delivery of air balances changes in lift. 
A further embodiment of valve which possesses a 

corresponding manner of operation to that of the valve 
of FIGURE 1, is shown in FIGURE 4. In this case, 
a valve disk 18 is provided internally of the chamber 15 
of the foil 8. The piston 4a of the slide 4 in the valve 
cylinder 2 which is subjected to underpressure via the 
conduit 6 for the purpose of attaining the opening force, 
is connected by a valve rod 19 with the valve disk 18. 
The spring 5, the bias of which can be adjusted by the 
means described in conjunction with the embodiment 
of FIGURE 1, provides the closing force for the valve 
1. The air delivery conduit 3 to the upper side of the 
valve disk 18, in the usual situation wherein the foil 8 
is connected to the hull of the boat by means of hollow 
supports or brackets, is formed by the hollow compart 
ment of a bracket and an opening communicating with 
the atmosphere provided at the upper portion of the 
bracket. Atmospheric pressure acts against the upper face 
of the piston 4a via the opening 2a of the valve hous 
ing 2. 

It should be evident that the valve body which con 
trols the throughpassage opening for the air can be of 
any desired type. Thus, for instance, the piston 4a of the 
embodiment of FIGURE 4 can be replaced by a bellows 
or a piston with roll diaphragm. 

In FIGURE 5 there is illustrated the arrangement of 
the control chamber 7 with the suction channels or open 
ings 9 at the hydrofoil 8. While it is preferable to have the 
air exit apertures 16 or ‘16' extending rearwardly of the 
foil 8, in the manner shown in the previous embodiments, 
it would also be possible to have them located above the 
associated foil chamber 15, as shown in FIGURE 5. If the 
control valve 1 is opened due to the increase of the under 
pressure at the foil, the in?owing air again reduces this 
pressure change over the entire foil depth, so that the 
suction force through the openings of the suction chan 
nels 9 again drops, which brings about a return move 
ment of the valve. If such ‘behavior is not desired for con 
trol and the underpressure in?uencing the opening of the 
valve should not, or only to a slight extent, be in?uenced 
by the air ?owing to the foil, then the openings of the 
suction channel 9, as depicted in FIGURE 5, are arranged 
‘at a section of the foil between two pro?le sections in 
which there do not open any air exit apertures 16. To both 
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sides of this aforementioned section of the foil 8 there is 
applied a partition or separation member 20 extending in 
the direction of travel (see also FIGURE 6) which re 
duces pressure equalization between the aerated outer foil 
portions and the suction openings 9. 

While there is shown and described present preferred 
embodiments of the invention, it is to be distinctly ‘under 
‘stood that the invention is not limited thereto, but may 
be otherwise variously embodied and practised within the 
scope of the following claims. 
What is claimed is: 
1. In combination with a hydrofoil provided with air 

exit apertures arranged at the underpressure region of 
the hydrofoil, at least one controllable valve means for 
delivering air to said air exit apertures, means responsive 
to changes in pressure provided at the underpressure region 
of the hydrofoil cooperating with said valve means such 
that upon the appearance of pressure changes said valve 
means is actuated at least in certain pressure ranges. 

2. The combination de?ned in claim 1, wherein said 
valve means includes a slide which is actuated at least in 
certain pressure ranges upon the appearance of pressure 
changes. 

3. The combination as de?ned in claim 2, further in 
cluding means for subjecting said slide to a closing force 
which normally holds said valve means closed, said means 
responsive to changes in pressure incorporating at least one 
chamber located internally of said hydrofoil and at least 
one opening provided at the forward region of said hydro 
foil communicating with said chamber, conduit means for 
operably connecting said chamber and said opening Wi?i 
said slide so that ‘an underpressure existing in said cham 
ber is transmitted to said slide in such a manner that said 
slide is opened against said closing force when there ap 
pears a su?iciently large underpressure. 

4. The combination as de?ned in claim 3, wherein said 
valve means incorporates means for applying atmospheric 
pressure to said slide at a side opposite the side against 
which said closing force is effective, so that opening of 
said valve means is carried out under the action of the 
atmospheric pressure working against said closing force, 
said conduit means communicating the underpressure 
existing in said chamber to said opposite side of said slide. 

5. The combination as de?ned in claim 4, wherein said 
means subjecting said slide to a closing force comprises 
spring means, and means for regulating the bias of said 
spring means capable of being actuated from the pilot’s 
area of the watercraft with which the hydrofoil is to be 
used. 

6. The combination as de?ned in claim 3, wherein said 
means for subjecting said slide to a closing force incor 
porates at least one opening in the underpressure region of 
said hydrofoil and arranged at the side of the hydrofoil 
opposite said air exit apertures. 
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7. The combination as de?ned in claim 1, wherein said 

hydrofoil is provided with at least one foil chamber com 
municating with air exit apertures leading to the upper side 
of said hydrofoil and at least one foil chamber communi 
eating with air exit apertures leading to the underside of 
said hydrofoil. 

8. The combination as de?ned in claim 7, wherein said 
controllable valve means is a slide valve comprising a 
valve housing closed at both ends, a pair of pistons oper 
ably interconnected with one another arranged for sliding 
movement within said valve housing, one of said pistons 
being movable in a direction towards its associated end of 
said valve housing for freeing the passage of air to said 
air exit apertures leading to the upper side of said hydro 
foil, the other of said pistons being movable in a direction 
towards its associated end of said valve housing for free 
ing the passage of air to said air exit apertures leading to 
the underside of said hydrofoil, said means responsive to 
changes in pressure incorporating suction opening means 
located at the upper side of said hydrofoil ‘and suction 
opening means located at the underside of said hydrofoil, 
said one piston communicating with said suction opening 
means located at said upper side and said other piston 
communicating with said suction opening means located 
at said underside. 

9. The combination as de?ned in claim 1, further in 
cluding actuating means adapted to be operated from the 
pilot‘s area of the watercraft with which the hydrofoil is 
to be used, said ‘actuating means cooperating with said 
controllable valve means for opening the latter in order to 
be able to reduce the lift of the hydrofoil. 

10. The combination as de?ned in claim 1, wherein said 
means responsive to changes in pressure incorporate at 
least one chamber located internally of said hydrofoil vand 
at least one opening communicating with said chamber, 
said last-mentioned opening being located at a portion of 
said hydrofoil devoid of air exit apertures, partition means 
extending in the direction of travel of said hydrofoil lo 
cated to both sides of said at least one opening for sep 
arating the portion of the hydrofoil provided with said 
at least one opening from the remaining portions of said 
hydrofoil. 
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