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The present invention relates to improvements in water-
craft of the type comprising one or more cavitating or
non-cavitating, preferably fully submerged hydrofoils
(hereinafter calizd “foils”) which extend transversely and
carry the weight of the hull, and more particularly to
an c.utornahc control system which regulates the extent
to which the foil or foils are submerged in water when
the watercraft is in motion and which also improves the
seaworihiness of the water craft.

Fuily submerged foils for watercraft of the above out-
lined character do not possess sufficient stability to retain
a given distance from the water surface and, therefore,
such foils must be combined with special control systems
‘h"‘h regulate the extent to which the foils may sink

by changing the lift force whenever the foils descend too
far below cr rise too close to the water surface. The pres-
ent 1y known control systems respond only to changes in
o otimum: distance of the foils from the water surface and,

ticrefore, they are comsidered satisfactory for use in
relatively calm waters, i.e. when the wave formation is
rather neglisgible, but they cannot properly coatrol the

foiis in turbuient waters. In the latter instance, the
contrcl system must be capable of responding to certain
other factors, such as the speed at which the foils change
their distance from the water surface, the vertical ac-

celeration of the foils, and also the rolling, pitching, heel-
ing or trim of the water craft from its normal position.

The above influe lces or factors bescome very important
and must be given ©
\VELC""I’CIL is operated in Feavy seas, and the control
such circumstances must be capable
esponding signals to the foils so that
in time and wili change or retain
from the water surface as the momentary
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conditions might require in dependency on ore or more

of the above factors.
riain presently known conirol systems for such
purk,osw, the depth (i the distance from the water
surface it is adjusted by ut‘hzmg rockable or
swi which, by changing their inclination, af-
ct t*}e 1ift force, or by providing hingedly comnected
s .mana edges of the foils and by adjusting
;,osltxon of the flaps and hence of the momentarily
ing iift force by an arr nient comprising depth-
itive mechanical or electronic commando elements.
Aecording to one ;3“ or proposal, scanning elements are
mounted on eiongated forwardly extending arms in such
a way as to side on the water surface and to bring
about a ch;\”e in the inclination of the foils or of their
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flaps whenever the foils change their distance from the
water smxfa e. Such conirol systems are rather bulky
and too delicate for use in turbulent waters.

According to another prior proposal, scanning elements

rical contactors are used, and the con-
i wd in such a way that ti}ey complete
uit Wﬁenever the scanning clements are
: er to thereby transmit a conirol! signal
ioils or to ihe flaps. It was further propessd to
a sonic altimeter which records the depth of the
and transmils corresponding signals to the foil ad-
justing mechanism. Such elecironic contro! systems must
include an amplifier and two sources of energy which not
only incressss the cost but alsc leads to freguent mal-
functioning and reduces the reliability of ths control sys-
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tactors are constr
an electric circt

foiis

uil consideration when a foil-supported
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2
tems so that the latter cannot insure full stability of
water craft under all operating conditions.

An important object of the present invention is to
provide a control system for the foils of foil-supported
watercraft which, in its basic form, operates without mova-
bie component parts from the point where a coatrol signal
is received and all the way toc the point where the lift
force upon the foil is changed, and which may be readily
installed in many types of foil-supported watercraft of
presently known design,

Another object of the invention is to provide a control
system of the just outlined characteristics which is capa-
ble of operating without amplifiers and without separate
sources of energy though it can insure full stability of
watercraft in calm as well as in turbulent waters.

A further object of the invention is to provide a control
system for at least partially submerged foils of a foil-
supported watercraft which is of exceptionally rugged
and very simple construction, which is sufficiently stable
to withstand repeated collisions with driftwood and other
partly or fuily submerged objects, whose reaction to
changes in the position of foils with respect to the water
surface is fully automatic, and which consists of a very
small number of component parts.

An additionael object of the instant invention is to
provide a control system of the above described type which
is capable of taking into consideration all factors which
arise in actual use of a foil-supported watercraft in calm
and/or in turbulent waters.

A concomitant object of my invention is to provide
a control system for the foils of foil-supported water-
craft which is especially suited for use in turbuient waters
but which may be readily adapted for use in calmer
weaters.

Still another object of the invention is to provide a con-
trol system of the above outlined characteristics whose
main component part simultaneousiy performs at least
one additional function, for example, by serving as a
component part of the means for connecting the respec-
tive foil with the hull or by constituting the sole connec-
tion between the foil and the hull.

An additional object of the invention is to provide a
control system for at least partly submerged foils of foil-
supported watercraft which may be combined with one
or more control devices each automatically responsive to
a given factor which may arise in actual! operation of
the watercraft, e.g. pitching, rolling, listing, heeling, for-
ward acceleration, vertical acceleration and certain other
factors.

A further cbject of my invention is to provide a con-
trol system of the above ouflined characteristics whose
sen‘sil‘ivity may be varied from the pilot stand and which
is capable of preventing an overturning of the watercraft
in a sharp curve.

With the above objects in view, the inveation resides
in the provision of a watercraft which is supported in
water by one or more at least partxally submerged and
at Jeast partially hollow foils each of which extends sub-
stantially transversely of the hull and is formed at its upper

v suction side with air discharge aperture means, the
watercraft further comprising a control system for at
least one of its foils which is adapted to deliver prede-
termined quantities of air {6 the aperture means in de-
pendency on the momentary position of the watercraft
with respect to the water surface and preferably also in
response to changes in forward speed, vertical speed
and/or vertical acceleration of the watercraft. In its
basic form, the control system comprises at least one
at deast partialy hellow control member or sensing mem-
ber whose internal space communicates with the internal
space of the respective foil and which is formed with
normally partly exposed and partly submerged air intake
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orifice means arranged in the area of the subpressure or
suction produced by the water flow at the profile of the
control member in such a way that the ratio of the com-
bined cross-sectional area of exposed orifice means to
the combined cross-sectional area of submerged orifice
means changes with the extent to which the control mem-
ber is submerged in water. Consequently, whenever a
foil descends deeper into water when the watercraft is
in motion, the extent to which the control member is
immersed in water also increases whereby air admission
to the immersed orifice means is cut off by the water flow
which produces subpressure at such immersed orifice
means, and the momentarily exposed orifice means deliver
less air to the aperture means at the suction side of the foil
so that the lifting force to which the foil is subjected in-
creases and causes an upward movement of the foil to-
gether with the control member. On the other hand, if
the control member emergss to 2 greater extent from the
water, the ratio of the combined cross-sectional area of
exposed orifice means to the combined cross-sectional area
of submerged orifice means increases so that more air is
delivered to the suction side of the foil whereby the Iift-
ing force decreases and the foil is caused to descend to
its normeal position at a given distance from the water sur-
face. Thus, the action of the control member is fully
automatic in that it controls the delivery of air into the
foil and hence the magnitude of the lifting force in de-
pendency on the extent to which it is submerged in water.

Another feature of my invention resides in the pro-
vision of control devices, each responsive to a different
factor arising when the watercraft is in actual operation,
and in the provision of regulating valves which are in-
stalled in the control member and are operatively con-
nected with the aforementioned control devices so as to
permit entry of additional air into or to reduce the flow
of air toward the aperture means which lead to the suc-
tion side of a foil in response to impulses received from
the respective control device or devices. The control de-
vices may selectively respond to a listing, pitching, heel-
ing or rolling movement of the watercraft, to vertical
acceleration of the watercraft, or to changes in vertical
speed of the watercraft.

The novel features which are considered as character-
istic for the invention are set forth in particular in the
appended claims. The invention itself, however, both as
to its construction and its method of cperation, tcgether
with additional objects and advantages thereof, will be
best understood from the following detailed description
of certain specific embodiments when read in connection
with the accompanying drawings, in which:

FIG. 1 is a fragmentary transverse sectional view of a
watercraft showing one of its fully submerged foils and
a control member which forms part of the control sys-
tem embodying one form of my invention;

FIG. 1a is a similar fragmentary transverse sectional
view of a watercraft and of a different control system
for one of its foils;

FIG. 2 is an entarged fragmentary side elevational view
of a control member forming part of the control system
shown in FIG. 1;

FIG. 2a is a transverse section through the control
member as seen in the direction of arrows from the line
2a—2a of FIG. 2;

FIG. 3 is an enlarged fragmentary side elevational view
of 2 medified control member;

FIG. 3a is a transverse section through the modified
confrol member as seen in the direction of arrows from
the line 36—3a of FI1G. 3;

FIG. 4 is an enlarged central vertical section through
the control member and an enlarged transverse section
through the assocviated foil as seen in the direction of
arrows from the {ine A—A of FIG. 1;

FiG. 4a is an enlarged transverse section through the
foil as seen in the direction of arrows from the line B—B
of FIG. 1;
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FIG. 5 is a central vertical section through a modified
control member and a transverse section through the asso-
ciated foil;

FIG. 5a is another transverse section through the foil
associated with the conirol member of FIG. 5;

FIG. 6 is a further central vertical section through a
different control member and a transverse section through
the associated foil;

FIG. 6a is another fransverse section through the foil
associated with the control member of FIG. 6;

FIG. 7a is an enlarged transverse section through the
lower regulating valve which is mounted in the control
member of FIG. 4;

FIG. 7b is an enlarged transverse section through the
upper regulating valve of the control member shown in
FI1G. 4;

FIG. 8 is an enlarged top plan view of & modified foil
and a horizontal section through the associated control
member;

#1G. 9 is a schematic plan view of a control device
which adjusts the fiow of air throngh the regulating valves
in response to changes in the course of the watercraft;

FIG. 10 is a schematic section through a control device
which adjusts the flow of air through the regulating valves
in response to changes in the speed at which the foil moves
toward and away from the water surface;

FIG. 11 is o schematic side elevational view of a con-
trol device which is adapted to adjust the flow of air
through the regulating valves in response to vertical ac-
celeration of the watercraft;

FIG. 12 is a schematic plan view of a control device
which adjusts the position of the regulating valves in
response to listing and/or pitching of the watercraft;

FIG. 13 is a schematic partly side elevational and
partly sectional view of & control device which adjusts the
regulating valves in response to changes in the forward
speed of the watercraft;

FIG. 14 is a schematic side elevational view of a water-
craft which is supported on two sets of spaced trans-
versely extending foils and whose forward foils are asso-
ciated with a plurality of control members; and

FIG. 15 is a schematic diagram showing the manner
in which the structure of FIG. 4 may be combined with
the control devices of FIGS. 9 to 13.

Referring now in greater detail to the drawings, and
first to FIG. 1, there is shown a watercraft ‘W which is
supported on water by a least one pair of fully immersed,
laterally spaced, transversely extending at least partly
hollow foils 1 (only one shown), each of these foils being
formed with at least one internal space 3 (see FIG. 4a)
which is bounded at its upper side by a normally concave
wall formed with discharge apertures 2 through which
air introduced into the space or spaces 3 may be dis-
charged to the upper or suction side of the respective foit
1. The profile of the foils 1 need not always be suck
as shown in the drawings but may assume a number of
other forms. In the embodiment of FIG. 4a, the aper-
tures Z are substantially perpendicular to the general
plane of the upper wall which forms part of the foil 1,
whereas FIGS. 5¢ and 6a respectivley show two foils 1a,
1b whose apertures are inclined in rearward direction so
that the air passing therethrough is discharged substan-
tially tangentially with respect to the suction side of the
respective foil. Such formation of the apertures is pre-
ferred in the control system of my invention. It is as-
sumed that the apertures 2 in the foils 1, 1g and 15 are
of circular contour though, and as illustrated in FIG. 8,
the upper wall of a modified foil 1c may be formed with
differently configurated and differently arranged aper-
tures. As shown, the apertures may also assume the
form of elongated closed slots 2a¢ which, together with
the circular apertures 2, may but need not extend through:
the full length of the foil Xc. Also, the foil may be
formed with elongated apertures 2a as well as with cir~
cular apertures 2, and these apertures may, be disposed
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in two or more rows. FIG. 8 further shows that the
spacing between the apertures need not be the same, i.e.
that the apertures at one end of the foil ic are closer to
each other than the apertures at the other end of the foil.
As a further modification which is not illustrated in FIG.
8, the slot shaped apertures 2a may be replaced by a con-
tinuous slot of considerable length which, in some in-
stances, may extend all the way between the two longitu-
dinal ends of the foil. The purpose of the arrangement
of apertures 2 and 2a as shown in FIG. 8 will be described
in greater detail hereinafier. In all embodiments, the
apertures 2 and/or 2a are preferably disposed in rows
which are perpendicular to the direction in which the
watercrait moves when in actual operation.. Wherever
applied, the arrow X indicates the direction in which the
watercraft advances.

Referring back to FIG. 1, the hull 6 of the watercraft
W is connected with a laterally extending auxiliary out-
rigger or wing 7 which supports two vertical struts 4, 5,
the lower ends of these struts being secured to the foil
1. In the embodiment of FIG. 1, the hull 6 is assumed
to be supported by two spaced transversely aligned hori-
zontal foils 1 each of which is disposed at one lateral

ide of the hull; however, it is equally possible to support
the watercraft W on a single transversely extending foil
which may be inclined with reference to a horizontal
plane or which may be shaped in the form of a letter V.

The outer strut 5 constitutes a control member or sens-

ing member and forms part of the control system which

etermines and regulates the distance between the ideal
water level or surface 8 and the foil 1. As can be ob-
served in FIG. 24, the control member 5 is of siream-
lined shape and is formed with an internal space & which
communicates with the surrounding atmosphere through
one or more groups of vertically spaced orifices 9. These
orifices may be provided in the area of the subpressure
produced by the water flow at the profile of the control
member, e€.8., in the central poriion, but the orifices are
preferably somewhat closer to the leading edge of the
control member @ and, when the watercraft W is in mo-
tion, the orifices 9 are normally located partly above and
parily below the water surface. It is assumed in FIGS.
2 and 2a that the watercraft moves in a direction from
the Ieft to the right as is indicated by the arrow 3{. As is
known, a subpressure or suction area develops along that
portion of the control member §, as viewed in FIG. 2,
which is formed with the orifices @ when the watercraft
is'in motion and the member § descends below the water
surface S.

Tke internal space 8 of the control member 5 commu-
nicates with the internal space 3 of the foil 1 so that,
when the watercraft W is in motion, the low-pressure area
developing at the suction side of the foil 1 causes an
inflow of air through those orifices 9 which are momen-
tarily located above the water surface S, the air then
flowing through the spaces 8, 3 and being discharged
through the apertures 2. Thus, the flow of air through
the apertures 2 is brought about in a fully automatic way
owing to the development of the low-pressure area at the
upper side of the foil 1 when the watercraft is in motion.

The control system shown in FIGS. 1, 2 and 44 oper-
ates as follows:

When the foil 1 increases its distance from the water
riace S to such an exient that all orifices ¢ are sub-
erged, the supply of air to the upper side of the foil is
rut off which results in an increased lift force so that the
cil rapidly rises to its normal position. Such lifting
action takes place whenever the number of submerged
orifices increases with respect to the number of exposed
orifices, i.c., whenever the ratio of combined cross-sec-
tional area of exposed orifices $ to the combined cross-
sectional area of submerged orifices decreases while the
watercraft is in motion. Alternately, when the foil 1
rises closer to the water surface, the combined cross-
sectional area of exposed orifices @ increases so that more
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air is drawn through the apertures 2 to thereby bring
about a fully automatic descent of the foil in a direction
away from the water surface by causing a reduction in
the Iift force. In other words, the lift force acting upon
the foil decreases proportionally with an increase in the
quantity of air delivered through the apertures 2 to the
suction side of the foil.

As is shown in FIG. 34, the modified control member
Sa of FIG. 3 is formed with air intake orifices 8z which
are provided in ifs trailing edge. In order to prevent
atmospheric air from penetrating intc the momentarily
ubmerged crifices 9¢ by flowing downwardly along the
trailing edge of the control member 5z when the water-
craft is in motion, the adjacent vertically spaced orifice
9¢ are preferably separated by plate-like substantially
horizontal fins (fences) 26a which extend to a given
extent rearwardly and beyond the trailing edge of the
member Sq. Similar fing 1§ are preferably provided be-
tween the orifices & of the control member § shown in
FIGS. 2 and 2a. It will be noted that the fins 18 are
provided only at that side of the control member 5 which
is formed with the orifices 9. In their preferred form, the
fins 1¢ and 16 are disposed in planes which are sub-
stantially perpendicular to the general plane of the
respective control member.

Though the orifices 9, 9a are normally of circular shape
(see FIGS. 2, 4 and 5), it is equally possible to provide
the control members with orifices $b in the form of
elongated vertically aligned slots as is shown in FIG. 6.
Furthermore, it is also possible to provide at least one
or all control members with one or more substantially
vertical slots of such length that each thereof replaces
an eatire row of orifices 9, %z or 95. For example, the
orifices 9a of FIG. 34 may form such a continuous siot
which extends along the entire trailing edge of the control
member Sa and which is interrupted by the horizontal
fins 19%a.

The manner in which the positicn of the foil or foils
is controlled is not changed if each foil is associated with
two or more control members. In fact, it is not ab-
solutely necessary that a control member be actually con-
nected with the associated feil so as to constitute a sup-
porting means therefor in 2 manner as shown in FIG. 1.
For example, and as shown in FIG. 14, the watercraft
W’ is provided with a forward set of foils ' and with
a rear set of foils 1", The rear foils 1 are not associated
with a control system; however, each forward foil 1’ is
associated with two control members 5, 5 the latter of
which is disposed at the bow of the hull 6. The control
member 5’ communicates with the respective hollow foil
1’ by conduit means {(not shown) extending through or
along the hull &, while the control member 5 actually
supports the respective foil 1’ and constitutes a rigid con-
nection between the cutrigger or wing 7 and the foil,
On the other hand, it is equally possible to utilize only
the forward control member 8 for delivering controlled
quantities of air to the respective foil 1’ while the member
5 then merely constitutes a strut for the foil.

When the control system for a single foil 1’ includes
two or more contrcl members (e.g. the members 5, §’ of
FIG. 14), the quantity of alr delivered to the apertures
of the foil 1’ depends on the ratio of combined cross-
sectional area of exposed orifices to the combined cross-
sectional area of submerged orifices in all control
members. :

The zirflow establishing connection between the inter-
nal space or spaces of a control member and the internal
space or spaces of the associated foil may be brought about
in a number of ways. Thus, the system of FIG. 1 utilizes
a control member 5 which is formed with a single internal
space § {see FIG. 24), this internal space 8 in turn com-
municating with a single internal space 3 of the associated
foil 1 (FIGS. 4 and 4a). The communicative connection
between the spaces 8 and 3 is established through a regu-
lating valve 11, shown in FIGS. 4 and 74, which may
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assume the form of a common retary slide valve. The
valve 11 distributes air in the space 3 so that incoming
air is uniformly divided between the apertures 2. As is
clearly shown in FIG. 4a, the apertures 2 are provided
in two rows which are adjacent to the trailing edge of
the foil 1, whereas the valve 11 admits air in a direction
toward the leading edge of the foil (see the arrow Y in
FIG. 4) or parallel to the leading edge.

In the embodiment of FIG. 5, the internal space of the
modified control member 55 is divided into three zones
Ia, Ila, IT1a, by a pair of spaced vertical partitions or walls
15 which are disposed in two parallel planes located
between the leading and irailing edges of the streamlined
control member 5b and perpendicular to the direction in
which the watercraft advances (arrow X). Each of these
zones Ia-I1la receives air through a different set of verti-
cally spaced or staggered intake orifices 8. It will be
seen that the lowermost or foremost (right-hand) set of
orifices 9 leading into the zone Ia extends slightly above
the level of the lowermost orifice & in the second or
median set of orifices which communicates with the zone
Ifa, and that the uppermost orifice 9 in the median set
is located above the level of the lowermost orifice in the
uppermost or rearmost (left-hand) set of orifices which
communicates with the zone IlIa. In other words, the
three vertical sets or rows of orifices ¢ are staggered with
respect to each other but at least one orifice in at least
one of these rows becomes either exposed or submerged
whenever the control member 55 changes its vertical posi-
tion with respect to the water surface.

The foil 1a (see FIGS. 5 and 54) which is associated
with the control member 55 is provided with vertical

artitions or walls 16 which are parailel with the parti-
tions 15 by extending between the leading and trailing
edges of the foil and divide the internal space 3 into
three zones I, I, III each of which communicates only
with the respective zone ¥a, Ila, Illa of the space 8 in
the control member 8b. It is preferred to arrange the
orifices in such a way that the uppermost set or row of
orifices (9 in FIG. 5) communicates with the zone Illa
of the space § which is communicatively connected with
the rearmost zone I of the space 3 in the associated foil
1a, i.e. with that zone which is closest to the trailing edge
of the foil 1a. The zone Ia of the space 8 which com-
municates with the lowermost set of orifices 9 is con-
nected with the foremost zone Ia of the space 3, namely
with that zone which is closest to the leading edge of the
foil, Thus, when the control member 5b of FIG. 5 is im-
mersed to such an extent that its lowermost and median
rows of orifices 9 are submerged below the water surface,
only the rearmost zone III of the space 3 in the foil 1a
of FIG. 5a will receive a continuous supply of air, the
air being drawn through the apertures 2 located closest
to the trailing or left-hand edge of the foil fa. As the
control member 5b begins to rise, the median zoue II
and finally the foremost zone I of the space 3 in the foil
1a will also receive a supply of air from the respective
zones 11qg, Ia of the space 8.

The arrangement of FIG. 8 is analogous to the con-
struction shown in FIGS. 5 and 54. The internal space
of the foil 1c is subdivided into three zones T, I, III’ by
two partitions or walls 17 which are parallel with the di-
rection of forward movement (arrow X). In other
words, the partitions 17 are perpendicular to the parti-
tions 16 shown in FIG. 5a and to the leading and trailing
edges of the foil Ic. The leftmost zone I' of the space
in the foil 1c communicates with a conduit or duct ¥8
leading to the foremost zone Ia of the space in the con-
trol member 85. The median zone I communicates with
the median zone IIa of the space in the control member
5b through a second conduit or duct 18q, and the right-
most zone I’ communicates directly with the rearmost
zone 1IIa. This zone III’ is more distant from the lon-
gitudinal axis of the hull than the zones I" and II" (com-
pare with FIG. 1). The hull is assumed to be at the left-
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hand side of the foil 1c shown in FIG. 8. The orifices
leading to the zone Iz which communicates with the
most distant zone IIT" are disposed at a level above the
orifices leading to the zones Ia and Ilg in the internal
space of the control member 55.

The lLift characteristics of the foil (i.e. the increase in
the lift force when the foil descends further below the
water surface) are determined by the magnitude and spac-
ing of the orifices 9, 8a and/or %5. In the embodiment
of FIG. 6, such characteristics may be varied at the will
of the pilot so that the watercraft may be adapted to
different seawaves. The space in the contro! member 5¢
of FIG. 6 is divided by a partition 15 into a pair of zones
IVa, Va adapted to communicate with the respective
zones 1V, V of the internal space 3 in the foil 1) of FIG.
64. The passage between the zones IV, IVa is controlled
by an axially shiftable regulating valve 11’, and a similar
regulating valve 11" controls the passage between the
zones V, Va. 1t is assumed in FIG. 6 that only the for-
ward regulating valve 1”7 is open so that air drawn
through the widely spaced orifices 9 of comparatively
small cross-sectional area may be delivered into the for-
ward zone V of the internal space 3 in the foil 1. The
rear zone IVa communicates with closely adjacent orifices
$b of much larger cross-seciional area so that vertical
movements of the foil 1b will be affected much more
effectively if the valve 11’ is open. Since the spacing
between the orifices 9 leading into the zone Va is much
larger than the spacing between the orifices 95, the move-
ment of the regulating valve 11" into its open position
will cause only slight changes in the lifting action so that
the foil #b is then particularly suited for use in calm
waters because it does not follow the configuration of
short waves. However, when the rear regulating valve
11’ is moved to its open position, the foil 10 responds
more rapidly and will follow the configuration of higher
waves which is very desirable when the watercraft is
operated in turbulent waters, Thus, when the orifices $b
are rapidly submerged while the conirol member 5¢
emerges from a wave trough and enters a wave crest, the
supply of air to the rear zene IV and to the rear aper-
tures 2 of the foil 15 is reduced very rapidly so that a
substantial lifting action develops which causes the foil
to ride the wave rather than to refain its vertical posi-
tion. The lifting action is reduced when the control
member Sc¢ emerges from a wave crest to enter into a
wave trough, it being assumed that the regulating valve
11’ is in open position.

It will be readily understood that, under certain cir-
cumstances, the coatrol system may embody a control
member which embodies selected or even ail features de-
scribed in connection with FIGS. 2 to 6, and that the foil
associated with such a modified control member may also
embody certain features described in comnection with
FIGS. 40-6a and 8. For example, in order to render the
control system less sensitive in calm waters and to there-
by eliminate or reduce the influsnce of short waves, the
internal space of the conirol member communicating di-
vectly with the orifices 9, 8a or 9b may be enlarged in a
manner as shown in FIG. 1. In this embodiment of my
invention, the means for enlarging the space into which
air is drawn through the orifices of the confrol member
comprises the outrigger or wing 7 which is made hollow
and whose internal space communicates with the internal
space § of the control member 5§ through a throttie valve
28. TFurthermore, the internal space of the outrigger 7
comimunicates with the interior of a tubular carrier 19
which is secured to the hull 6 so that air entering through
the momentarily exposed orifices 9 of the confrol mem-
ber 5 must change the pressure of air contfained in a com-
paratively large chamber consisting of the internal space
8 in the control member 5, of the internal space in the
outrigger 7 and of the internal space in the carrier 19.
The connection between the interior of the outrigger 7

5 and of the carrier #$ on the one hand, and the internal
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space 8 on the other hand may be regulated by the afore-
mentioned throttle valve 20 which is preferably adjust-
able from the pilot stand by a remote control device
(not shown) in the form of a Bowden wire or the like.
Of course, the means which communicates with the in-
ternal space of the conirol member need not necessarily
assume the form of an outrigger but may consist of
another structural component of the watercraft as well as
of a part which is provided solely for the purpose of en-
larging the space with which the orifices of the control
member communicate

FIG. 1la illustrates a modified watercraft W'’ whose
inper strut 4 is directly connected with the hull 6. The
internal space of the control miember 5 communicates
with the internal space of an outrigger or wing 7 by means
of a throitle valve 28, and the internal space of the out-
rigger 7 in turn communicates with 2 cylinder 21 recipro-
cably receiving a piston 22, the Iatter serving as a means
for varying the volume of the composite chamber which
communicates with the air intake orifices of the control
member S. This composite chamber inchudes the internal
spaces of the control member 5 and of the outrigger 7
as well as that portion of the space in the cylinder 21
which is located at the left-hand side of the piston Z2.
¥t will be readily understood that the control system of
FIG. 1a is less sensitive if the piston 22 is displaced in a
d1recnon to the right and/or if the throttle valve is in its
tfuily open position. The piston 22 also serves as a means
for varying the useful volume of the cylinder 21 in such
a way that the frequency of pericds at which the water-
craft meets the waves is different from the characteris-
tic frequency of the watercraft.

In its form as described hereinabove, the control system
can adjust the qmntities of admitted air solely in depend-
ency on the changes in distance between a foil and the
water surface. This is known as the immersion depth con-
trol. However, it is normally desirable to control the
quantity of air admiited to the discharge apertures of the
foil by factors other than the distance between the foil
and the water surface, particularly when the watercraft is
operated in turbulent waters. To that end, the control
system preferably comprises at least ene pair of aforemen-
tioned regulating valves 11, 12 which, in one of their
forms, are shown in FIGS. 4, 7a and 7b. The valves 11,
12 are coupled to each other by a connecting rod or shaft
13 so that they may be adjusted in unison by a handgrip
member 14, by remote control means (not shown) from
the pilot stand, or by one, two or more control devices
which will be described in greater detail in connection
with FIGS. S to 13. The regulating valves 11, 12 are
shown in the form of common rotary slide valves, ie. a
rotary movement of the shaft 13 is necessary to adjust the
position of these valves in order to admit controlled quan-
tities of air into the internal spaces 8 and 3 (valve 12) in
addition to the air drawn through the orifices 9, or to
throttie or completely seal the passage between the spaces
3 and 8 (valve 11).

in FIGS. 7a and 75, the valves 11, 12 are respectively
shown in their neutral positions, i.e. the rotary valve
member 23 of the lower regulating valve 11 completely
exposes the air discharge opening 23« which connects the
space 3 with the space &, and the rotary valve member 24
of the upper regulating valve 12 completely seals the air
intake opening 24a provided at the top of the control
member 3 to connect the space 8§ with the surrounding
atmosphere. Thus, the fiow of additional air through the
opening 24a (arrow Z in FIG. 4) is prevented, whereas
the air drawn through the momentarily exposed orifices @

- is fres to pass through the opening 23« toward the aper-
tures 2 of the foil 1. Consequently the lifting action of
the control system depends solely on the distance between
the foil 1 and the water surface S.

When the connecting shaft 13 is rotated in a clock-
wise direction, as viewed in FIGS. 7a and 75, the lower
reguiating valve 11 will begin to throttle the flow of air
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through the opening 23« while the upper valve 12 remains
in its closed position whereas, when the shaft 13 is turned
in anticlockwise direction, the upper valve 12 will begin
to admit additicnal air through the opening 24 while the
lower valve 11 remains in its open position so that the
air drawn through the opening 24a may flow to the aper-
tures 2 to thereby exert additional influence on the lifting
action.

The control member § of FIG. 5 embodies two pairs
of regulating valves 11, 2. The left-hand valve 13 con-
trols the flow of air from the rearmost zone iz of the
space § to the rearmost zone Il of the internal space
3, and the rxgnt -hand valve 11 controls in similar manner
the flow of air beuwevn the zone Il and the median zone
IX of the space 3 in the foil 1a. The foremost zone ¥a is
in' continuous communication with the foremiost zone 1
of the space 3. The upper regulating valves 12 which are
shown in their closed positions in FIG. S serve to admit
additional air to the zores Ha, Iile while the zone Ia
receives air solely through the momentarily exposed lower-
most set of orifices 9.

The construction of the regulating valves shown in FIG.
6 is different insofar as the lower regulating valves 11’,
1% comprise conical valve members which control the
respective openings between the zomes IV, IVa and V,
Va in response to axial displacements of the shafis 13.
The upper regulating valves 12 comprise slide valve mem-
bers which may be adjusted upon further displacements
of the respective shafts i3. However, the ultimate effect
is the same regardless of the exact construction of the
reguiating valves. It will be readily understood that valves
of a design other than shown in FIGS. 4<6 and 74, 76 may
bs utilized in my control members without departing from
the scops of this inventio

I will now describe various control devices which may
be operatively connected with the regulating valves 11, 12
in order to improve the seaworthiness and stability of a
foil-supported watercraft by aafomau\,ally adjusting the
supply of air to the imternal space of the foil or foils
whenever the circumstances should so require.

It is well known that a- watercraft with only slightly
keeled and fully submerged foils tends to list in outward
direction when caused to move in an arcuate path be-
cause the centrifugal force generates a pair of oppositely
directed forces one of which passes through the center
of gravity and the other of which passes through the
lateral supporting means, these forces tending to over-
turn the watercraft in outward direction whenever the
watercraft moves in a curve. In order to counteract
such forces and to bring about an inwardly oriented list-
ing or tilting movement of the watercraft, I provide a
control device C, which automatically admits additional
air to' the foil or foil portion located at the inner side of
the curve by opening the upper regulating valve or valves
1Z, and which simultaneously throtiles the flow of air
into the foil portion located at the outer side of the curve
by shutting off or by at least partiaily closing the lower
regulating valve or valves 11.

The contro}l device C; is shown in greater detail in
FIG.'S. It comprises a rotary drum or disc 28 which is
rotatably mounted on a shaft 25b and is operatively con-
nected with or forms part of the steering or directional
contrel mechanism of the watercraft. The drum 25 is
formed with a preferably helical cam groove 254 adapted
to receive and to guide a follower 27. This follower is
mounted at one end of a lever 26 whose other end is piv-
otable about a fixed axis 264 by being secured to a sta-
tionary compenent part of the watercraft. The lever 26 is
articulately connected with the ends of. two actuating
members 28, 28" the former of which is assumed to be
operatively connected with the shaft 13 or with the hand-
grip means 14 of the interconnected regulating valves 11,
12 shown in FIG. 4, ic. with the regulating valves of
the control member § shown in FIG. 1. The other ac-
tuating member 28" is then connected with: the common
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shaft of the regulating valves in the left-hand control mem-
ber of the watercraft W, not shown in FIG. 1. The
configuration of the cam groove 25g in the drum or disc
25 is such that the aciuating member 28 turns the con-
necting shaft 13 in a direction to admit additional air to
the foil 1 of FIG. 1 if the watercraft W travels in such
an arcuate path that its right-hand or starboard control
member 5 is at the inner side of a curve so that the star-
board foil will rapidly descend to a lower level and will
thereby insure that the watercraft will be inclined suffi-
cieatly to prevent an overturning of the hull. At the
same time, the regulating valves 11, 12 in the port control

ember 5 which is assumed to be at the outer side of
the curve will be adjusted by the left-hand actuating
member 28’ in such a way that the lower valve 11 will
reduce the flow of air to the internal space of the left-
hand foil so that the latter will be subjected to a stronger
1ift force which will counteract the tendency of the hull
to overturn in a right-hand curve.

By suitable changes in the configuration of the cam
groove 25a, any desired transmission ratio between the
rotary movement of the rotary member 25 and the rotary
movement of the regulating valves 11, 12 (shaft 13) may
be achieved. It is preferred to provide adjustable con-
nections between the actuating members 28, 28’ and the
lever 26 in order to enable an operator to adjust the extent
to which the one or the other foil will be submerged
in a curve. Of course, the actuating members 28, 28’ may
simultaneously control two (FIG. 5) or more intercon-
nected regulating valves or, when coupled with the regu-
lating valves shown in FIG. 6, they may bring about
axial displacement of the shaft or shafts 13.

FIG. 10 illustrates a control device C, which is auto-
matically responsive to the immersion speed or to up-
ward speed (emersion speed) of a control member in a
scaway and which is operatively connected with the regu-
lating valves 11, 12 in such a way as to selectively admit
additional air or to at least partly shut off the flow of air
to the internal chamber of the foil in response to such
speeds. For example, when the foil rapidly emerges from
a high wave, the change in quantity of air delivered to the
internal space of the control member and consequently
the change in lift force acting upon the foil will be
much greater than if the watercraft travels over compara-
tively short waves. The purpose of the control device Cy
is to assist the basic control system in such situations by
regulating the admission of air through the upper valve 12
and/or through the lower valve 11. In other words, the
device C; acts as an auxiliary control means to thereby im-
prove the seaworthiness of the watercraft.

The control device C, comprises a flexible diaphragm
29 which is received in a tightly sealed housing 30 to
divide the latter’s interior into a left-hand compartment
and into a right-hand compartment. The right-hand com-
partment communicates directly with the internal space
8 of the associated control member 5 through a conduit
31. The left-hand compartment of the housing 38 com-
municates with an air chamber or accumulator 32, the
Iatter being conmected with the space 8 of the control
member 5 by a second conduit 334 which contains an ad-
justable throttle valve 33. The actuating member 28a
is secured to the diaphragm 29 and is operatively con-
nected with the handgrip means i4 or with the connect-
ing shaft 13 of the regulating valves i1, 12.

The conirol device C, operates as follows:

When the control member 5 rapidly emerges from a
wave crest to enter a wave trough, the pressure of air
in its internal space § increases very rapidly and is con-
veyed to the right-hand side of the diaphragm 29 through
the conduit 31 so that the diaphragm 29 is deflected in a
direction to the left and entrains the actuating member 28a
in the same direction so as to adjust the position of the
regulating valves 11, 12 in a sense to admit additional air
through the valve 12 whereby the lift force acting on the
assogiated foil decreases and the latter descends rapidly
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12
from the water surface in the wave trough. The pressure
at the left-hand side of the diaphragm 29 develops more
slowly because the air must pass the throtite valve 33
and must fill the chamber 32.

When the situation is reversed, i.e. when the control
member 5 rapidly enters a wave crest, a large number of
its orifices 9 is immersed in water so that the pressure in
its internal space 8 drops very rapidly. Such drop in pres-
sure is immediately communicated to the right-hand
side of the diaphragm 29 through the conduit 314, where-
as the pressure at the left-hand side of the diaphragm drops
more slowly, this being due to the throttling action of the
valve 33 and also to the presence of large quantities of air
in the chamber 32. The diaphragm 29 is then deflected in
a direction to the right and shifts the actuating member
28q in a sense to admit less air through the valves 11,
312 so that the lifting action upon the foil increases and the
latter rises in a direction toward the water surface of the
wave crest.

The control device C; of FIG. 11 is automatically
responsive to vertical acceleration of the watercraft and
comprises a weight or mass 34 which is mounted on
a bell crank lever 34a, the latter being rockable about
a fixed axis 34b so that the mass 34 may move in a
substantially vertical plane. A resilient element in the
form of a compressed helical spring 35 maintains the
mass 34 in a state of equilibrium, and the latter is con-
nected with a damping means in the form of a dashpot
36. The free end of the bell crank lever 34a is articulately
coupled with an actuating member 285 which, in turn, is
operatively connected with the common shaft of the
regulating valves 11, 12 in the control member 5. The
control device C; adjusts the regulating valves 11, 12 in a
sense that the valves throttle the flow of air to the foil
when the control member is accelerated in downward di-
rection, i.e. when the mass 34 moves upwardly, and that
the valves 11, 12 admit more air into the internal space of
the foil when the control member is accelerated in up-
ward direction so that the mass 34 moves downwardly
ie. an increased lifting action develops when the vertical
acceleration is in downward direction and the lifting ac-
tion decreases when the control device is accelerated in
upward direction.

The control device C, of FIG. 12 is automatically
responsive to rolling or, pitching speed of the watercraft
and adjusts the regulating valves 11, 12 in such a way that
the lift force counteracts the tendency of the hull to be
inclined from its proper position. This control device
comprises a rate gyroscope which is mounted in a housing
or casing 37, the latter being pivotable about the axis of
a vertical shaft 38 and being normally held in a neutral
position by resilient means in the form of a spring 39.
The casing 37 is articulately coupled with an actuating
member 28¢ which is operatively connected with the com-
mon shaft of the regulating valves 11, 12 in such a way
as to reduce the flow of air to the internal space of that
control member which is momentarily dropping. When
the watercraft is caused to roll in heavy seas, the housing
37 of the gyroscope performs precision angular move-
ments about the axis of its vertical shaft 38" and thereby
shifts the actuating member 28c at a rate proportional with
the angular speed of rolling. . Thus, when the control
member whose regulating valves are operatively connect-
ed with the actuating member 28c rises, additional air is
admitted to its internal space whereas, when the control
member sinks owing to a rolling movement of the water-
craft, the actuating member 28c will cause the regulating
valves to reduce the supply of air to the internal space
of the foil so that the latter is caused to rise toward the
water surface and to thereby return the watercraft to
its normal position with respect to the lonigtudinal axis
of the huil.

If it is desired to counteract pitching movements of the
watercraft, i.e. to prevent a tilting about an axis which
is perpendicular to the longitudinal axis of the hull, the
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¢ontrol device C, comprises at least one gyroscope which
is turned through 90 degrees with respect to the gyroscope
of FIG. 12. Though it is considered that the watercraft
is sufficiently stabilized if it includes a control device of
the type shown in FIG. 12 which is responsive to angular
speed of the control members, it is equally possible to
provide a modified control device which utilizes a so-
called gyroscopic horizon capable of responding to all
inclinations of the watercraft. In such instances, a single
gyroscope is sufficient to adjust the regulating valves in
response to listing movemesnts about the longitudinal axis
of the hull and also in response to pitching of the water-
craft about an axis which is perpendicular to the longi-
tudinal axis of the hull.

It will be readily understood that, if desired, each of
the control devices shown in FIGS. 9-12 may control
a separate set of regulating valves in the control member
or members of the control system for a foil-supported
watercraft, or that two, three or all such control devices
may be operatively connected with a single set of regulat-
ing valves. In the latter instance, the connection 56 (see
FIG. 15) between the control device C;—C, and the single
set of regulating valves 11, 12 comprises suitable mechani-

cal or hydraulic mixer elements of known design which
insure that only a selected conirol device will affect the
position of the regulating valves in a given situation, i.e.
that say the control device C; of FlG 9 will adjust the
valves 11, 12 when the watércraft is guided in an arcuate
path while the other control devices do not affect the
position of the regulating valves unless there is simulta-
neous pitching, listing or other undesirable fringe move-
ment of the huli such as must be eliminated to insure full
seaworthiness and stability of the watercraft and safety of
its occupants.

A very important advantage of the above described
control devices is that the actuating members 28, 28,
28a, 281 or 28¢ may be coupled directly with' the com-
mon shaft or shafts of the 1e°umtmg valves without any
ampuﬁers therebetween. This is possible becauss the
forces necessary for adjusting the position of the regulat-
ing valves 11, 12 are extremely small so that the valves
will readily respond even to minimal displacements of the
-corresponding actuating members, e.g. to a minimal verti-
cal displacement of the mass 34 shown in FIG. 11. Such
construction of the control devices and their connections
with the regulating valves insure that the conirol system
is more reliable because it is much sunpler than the con-
ventional control systems described in the introductory
part of this specification.

A further very important advantage of my invention
is that the basic control system as described in connection
with FIGS. 1, 2 and 4, but without the regulating valves
11, 12, is capable by itself to insure a high degree of
stability for the watercraft in calm as well as in turbulent
waters. Thus, and since the control devices of FIGS. 9 to
12 are always combined with the basic control system in-
cluding at least one at least partially holiow foil, at least
one at least partially hollow contrcl member, the air. dis-
‘c‘rrsmc ayermres at the suction side of the. foil and the
air intake orifices in the control membér, the watercraft
can be safely operated in turbulent waters even if the one
or the other of the control devices C;—C, should beccme
incperative in actual operation of the watercraft. In or-
der to insure that an ineperative contrel device cannot
affect the controls of the watercraft, it is preferred to con-
struct the control devices in such a a way that their actuat-
ing members permit the regulating valves to return to
their respective neutral positions whenever a control de-
vice is out of order.

Finally, it is often desirable to provide the watercraft
with a control device which automatically adjusts an addi-
tional air valve in response to increasing forward speed in
order to prevent the foil or foils from ascending closer
to the water surface as a result of increased forward speed.
This tendency of foils to rise toward the water surface in
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response to increased forward speed is normally observ-
able in watercraft of the type to which my present inven-
ticn pertains.

The control device Cs of FIG. 13 is constructed in
such a way that it regulates a valve 45 in a sense to
admit more air into the internal space of the associated
foil or foils whencever the forward speed of the watercraft
increases. To this end, the device Cs comprises a cylin-
der 41 which receives a reciprocable piston 48, the latter
being permanently biased in a direction to the left by a
resitient element in the form of a coil spring 42 which
is housed in the cylinder 49 at the right-hand side of the
piston. The left-hand side of the cylinder communicates
with a-conduit 43 whose free end is submerged in water
and is provided with a water intake nozzle 43q so that
the dynamic pressure of water entering through the nozzle
43a and flowing through the conduit 43 shifts the piston
46 counter to the bias of the spring 42 whenever the for-
ward speed in the direction indicated by the arrow 3{ in-
creases. The control member 5 is formed with an air in-
take pipe 44 which contains the adjustable contro! valve
45, the latter being adjustable by an actuating means in the
form of a link train 284 in a sense to admit more air into
the internal space of the control member 5 and hence
into the internal space of the associated foil whenever the
forward speed of the watercraft increases. The air then
tends to counteract the lift force acting upon the foil
so that the latter retains its optimum distance from the
water surface.

Referring back to FIG. 8, the foil Ic shown in this il-
lustration is provided with several rows of apertures 2,
2a which are arranged in such a way as to insure uniform
distribution of air over the entire suction side of the foil.
t is assumed that the internal space of the foil 1c¢ re-
ceives air from a singie source, i.e. only from the con-
trol member 5h. It will be noted that the spacing be-
tween. the adjacent apertures 2 in the two lower rows is
reduced proportionately with the distance from the source
of air, namely, from the control member 5. Of course,
it is equally possible to obtain uniform distribution of
air by spacing the apertures 2 and/or 2a at equal inter-
vals but by increasing the area of the orifices in a direc-
tion away from the control member 5. It can be said
that the combined cross-sectional area of apertures per
unit surface of the suction side should increase in a di-
rection away from the control member, either by vary
ing the spacing between the orifices of equal areas, or bx
varying the areas of the orifices.

In the watercraft W’ of FIG. 14, only the forward foil
or foils 3’ are combined with a contro! system in a man-
ner as described above, i.e. each foil 1’ is associated with
two control members 8, 5. The rear foil or foils 1"
need not always be combined with a control system b‘,-
cause they will au smahcaliy retain a desired distanc
from the water surface S owing to angular dibpla”emunts
about a fransverse axis of the front foil whenever the
rear foils change their distance from the water surface.
Such construction: insures that the rear foil or foils will
automatically rise toward the water surface when their
angle of incidence increases as a result of a pivotal
movement performed by the rear foils sbout tfle forward
foiis: It will be readily understood that the lift force on
the rear foils will increase if their angle of incidence in-
creases,

Of course, the novel conirol system is equally useful
in connection with less stable foil or foils of the type
which are only partly submerged when the watercraft is
1 motion.

It will be seen that I provide a control system which
operates on the heretofore unemployed principle that the
lift force which acts upon a holiow foil may. be varied
by changing the influx of air intc the foil, i.c. by admix-
ing variable quantities of air into the flow or into the
cavitation bubble at the upper side of the foil. The air
discharged through the apertures of the. foil brings about
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a weakening of the low-pressure area which develops at
the upper side of the foil when the watercraft is in mo-
tion, i.. this low-pressure area becomes less pronounced
proportionally with an increase in the quantity of air dis-
charged through the apertures and to the suction side of
the foil. Such extremely simple and efficient regnlation
of the lift force is of considerable advantage because the
foll may be rigidly secured to the hull, ie. it need not
pivot about a transverse axis as in certain conventional
types of foil-supported watercraft, and the trailing edge
of the foil need not be provided with flaps so that the
watercraft may operate without bulky, complicated and
expensive motion transmitting arrangements which are
normally utilized for imparting pivotal movements of the
flaps.

Furthermore, the improved control system is capable
of preventing cavitation by introducing selected quanti-
ties of air into the stream at the suction side of the foil.
This is of considerable advantage because it is now pos-
sible to utilize foils with a profile of greater thickness
which, particularly in watercraft constructed for opera-
tion at extremely high speeds, brings about considerable
reduction in statical stresses. In the event of partial cav-
itation, particularly at the leading edge of the foil, the
air which is discharged at points rearwardly spaced from
the leading edpe prevents a collapse of bubbles in the
high-pressure zone so that no erosion of the material of
which the foil consists can take place. In fully cavitating
foils in which the vapor bubbles collapse only at a point
rearwardly of the trailing edge, the low-pressure area is
weakened and the lift force influenced in the same way as
in non-cavitating foils, i.e. i dependency on the quantity
of air discharged through the apertures in the upper wall
of the foil. Finally, it is possible to regulate the discharge
of air along the upper side of the foil in a manner that
the lift force is controlled all the way as the forward
speed of the watercraft increases while the foil passes
from the stage of non-cavitation to the stage of full cavi-
tation.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for vari-
ous applications without omitting features that, from the
standpoint of prior art, fairly constitute essential charac-
tertistics of the generic and specific aspects of this inven-
tion and, therefore, such adaptations should and are in-
tended to be comprehended within the meaning and range
of equivalence of the following claims.

What is claimed as new and desired to be secured by
Letters Patent is:

1. In a watercraft of the type whose hull is supported
by at least one at least partiaily water-submerged foil
extending substantially transversely to the longitudinal
axis of the hull, in combination, at least one foil having
a suction side and defining therewithin at least one inter-
nal space, said foil formed with air discharge aperture
means between said suction side and said internal space;
and a control system for automatically adjusting the dis-
tance between the foil and the water surface, said system
comprising at least one control member defining there-
within at least one internal space in communication with
the internal space of said foil, said control member
formed with air intake orifice means disposed in the area
.of subpressure produced by the water flow at the profile
.of the control member and located in part above and in
part below the normal level of the water surface when
the watercraft is in motion, the low-pressure area devel-
.oping at the suction side of said foil causing the air enter-
ing through the orifice means disposed above the water
surface to flow from the internal space of said conmtrol
‘member into the internal space of said foil and to be dis-
charged through said aperture means, the ratio of com-
‘bined cross-sectional area of orifices above the water sur-
face to the combined cross-sectional area of orifices below
4he water surface determining the exient to which the air
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discharged through said -aperture means affects the lift
force upon said foil.

2. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil ex-
tending substantially transversely to the longitudinal axis
of the hull, in combination, at least one foil having a suc-
tion side and defining therewithin at least one internal
space, said foil formed with air discharge aperture means
between said suction side and said internal space; and a
plurality of spaced control members for automaticaily
adjusting the distance between the foil and the water sur-
face when the watercraft is in motion, each control mem-
ber defining therewithin at least one internal space in
communication with the internal space of said foil and
each formed with air intake orifice means disposed in the
area of the subpressure produced by the water flow at
the profile of the control member and located in part
above and in part below the normal level of the water
surface when the watercraft is in motion, the air entering
through the orifice means disposed above the water sur-
face being drawn to the suction side of said foil to thereby
affect the lift force upon said foil when the watercraft is
in motion.

3. In a watercraft of the type whose hull is supported
by at least.one at least partially water-submerged foil ex-
tending substantially transversely to the longitudinal axis
of the hull, in combination, at least one foil having a
leading edge, a trailing edge, a suction side and defining
therewithin at least one internal space, said foil compris-
ing at least one internal partition extending intermediate
said edges for dividing said internal space into a plurality
of zones and said foil formed with a plurality of aperture
means for connecting each of said zones with said suc-
tion side; and at least one control member for automati-
cally adjusting the distance between said foil and. the
water surface when the watercraft is in motion, said con-
trol member having a leading edge, a trailing edge, defin-
ing therewithin at least one internal space and compris-
ing at least one internal partition extending between said
last mentioned edges for dividing said last mentioned in-
ternal space into a plurality of zomes each of which com-
municates with one of said first mentioned zones, said
control member formed with a plurality of sets of verti-
cally spaced air intake orifice means, each of said sets of
orifice means communicating with one of said last men-
tioned zones and said orifice means disposed in part above
and in part below the normal level of the water surface
when the watercraft is in motion, the air entering through
the orifice means disposed above the water surface being
drawn to the suction side of said foil to thereby affect the
lift force upon said foil when the watercraft is in motion,
the uppermost set of said orifice means communicating
with that zone of the internal space in said control mem-
ber which communicates with the zone of said first men-
tioned internal space closest to the trailing edge of said
foil, and the lowermost set of said orifice means com-
municating with that zone of the internal space in said
control member which communicates with the zone of
said first mentioned internal space closest to the leading
edee of said foil.

4. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil
extending substantially transversely to the longitudinal
axis of the hull, in combination, at least one foil having a
leading edge, a trailing edge, a suction side and defining
therewithin at least one internal space, said foil compris-
ing at least one internal partition extending substantially
at right angles to said edges for dividing said internal
space into a plurality of zones and said foil formed with
a plurality of aperture means for connecting each of said
zones with said suction side; and at least one control
member for automatically adjusting the distance between
said foil and the water surface when the watercraft is in
motion, said control member having a leading edgs, a
trailing edge, defining therewithin at least one internal
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space and comprising at least one internal partition ex-
tending beiween said last mentioned edges for dividing
said last mentioned internal space into a plurality of
zones, said foil comprising duct means for communica-
tively connecting each of said last mentioned zones with
one of said first mentioned zomes. said control member
formed with a plurality of air intake orifice means lead-
ing into each of said last mentioned zones and disposed in
part above and in part below the normal level of the
water surface when the watercraft is in motion, the air
entering through the orifice means disposed above the
water surface being drawn to the-suction side of said foil
to thereby affect the lift force upon said foil when the
watercraift is in motion.

5. In a watercraft of the type whose hull is supporied
by at least one east partially water-submerged feil ex-
tending substantially transversely to the longitudinal axis
of the hull, in combination, at least one foil having a suc-
tion side and defining therewithin at least one internal
space, said foil formed with aperture means for connect-
ing said space with said suction side; and at least one
control member for automatically adjusting the distance
between said foil and the water surface when the water-
craft is in motion, said control member having a leading
edge, a trailing edge, defining therewithin at least one
internal space and comprising at least ong internal par-
tition extending between said edges for dividing said last
mentiioned internal space into a plurality of zones each
of which communicaies with said first mentioned internal
space, said control member formed with a plurality of
sets of air intake orifice means each leading into one of
said zones, said orifice means disposed in part above and
in part below the normal level of the water surface when
the watercraft is in motion, the air entering through the
orifice means disposed above the water surface being
drawn to the suction side of said foil to thereby affect the
lift force upon said foil when the watercraft is in motion,
each of said sets comprising a plurality of substantially
vertically spaced orifice means and the spacing between
the orifice means in at least one of said sets being differ-
ent from the spacing of orifice means in each other set.

S. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil
extending substantially transversely to the longitudinal
axis of the hull, in combination, at least one foil having
a suction side and defining therewithin at least one inter-
nal space, said foil formed with apsrture means for con-
necting said space with said suction side; at least one con-
trol member for automatically adjusting the distance be-
tween said foil and the water surface when the watercraft
is in motion, said control member defining therewithin
at least one internal space and formed with air intake
orifice means disposed in part above and in part below
the normal level of the water surface when the watercraft
is in motion, the air entering through the orifice means
disposzd above the water surface being drawn to the suc-
tion side of said fcil to thereby affect the lift force upon
said foil when the watercraft is in motion; cylinder means
defining an internal space communicating with the inter-
nal space of said control member; valve means provided
between said cylinder means and said control member
for regulating the flow of air between the internal spaces
of said control member and said cylinder means; and
piston means reciprocably received in said cylinder means
for varying the useful volume of the internal space in
said cylinder means.

7. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil
transversely to the longitudinal direction of the hull, in
combination, at least one foil having a suction side and de-
fining therewithin at least one internal space, said foil
formed with air discharge aperture means between said
suction side and said internal space; at least one control
member for automaticaly adjusting the distance between
the foil and the water surface when the watercraft is in

at

p

10

15

20

25

30

35

40

45

55

60

65

70

75

18

motion, said control member defining therewithin at least
one internal space in communication with the internal
space of said foil and formed with air intake orifice means
communicating with said last mentioned internal space
and disposed in part above and in part below the normal
level of the water surface when the watercraft is in mo-
tion, the air entering through the orifice means disposed
above the water surface being drawn to the suction side
of said foil to thereby affect the lift force upon said foil
when the watercraft is in motion; first regulating valve
means mounted in said control member for selectively
admitting additional air into said last mentioned internal
space; second regulating valve means mounted in said
control. member for confrolling the flow of air between
said internal spaces; means for connecting said valve
means with each other in such a way that said first valve
means is closed when said second valve means is fully
open; and means for simultaneously adjusting the posi-
tion of said valve means, said adjusting means operable
in a first direction for admiiting additional air through
said first valve means and in a second direction for throt-
tling the flow of air through said second valve means.

8. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil ex-
tending substantially transversely to the longitudinal di-
rection of the hull, in combination, at least one foil hav-
ing a suction side and defining therewithin at least one
internal space, said foil formed with air discharge aper-
ture means between said suction side and said internal
space; at least one control member for automatically ad-
justing the distance between the foil and the water surface
when the watercraft is in motion, said control member
defining therewithin at least one internal space in com-
munication with the internal space of said foil and formed
with air intake orifice means communicating with said last
mentioned internal space and disposed in part above
and in part below the normal level of the water surface
when the watercraft is in motion, the air entering through
the orifice. means disposed above the water surface being
drawn to the suction side of said foil to thereby affect the
lift force upon said foil when the watercraft is in motion;
first regulating valve means comprising at least one. ro-
tary slide valve member mounted in said control mem-

er for seleciively admitting additional air into said last
mentioned internal space; second regulating valve means
comprising at least one rotary slide valve meniber
mounted in said control member for controlling the flow
of air between said internal spaces; and means for con-
necting said valve means with each other in such a way
that said first valve means is closed when said second
valve means is fully open.

9. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil
extending substantially transversely to the longitudinal
direction of the hull, in combination, at least one foil
having a suction side and defining therewithin at least one’
internal space, said foil formed with air discharge aper-
ture means between said suction side and said internal
space; at least one control member for automatically ad-
justing the distance between the foil and the water sur-
face when the watercraft is in motion, said control mem-
ber defining theréwithin at least one internal space in
communication with the internal space of said foil and
formed with air intake orifice means communicating with
said last mentioned internal space and disposed in part
above and in part below the normal level of the water
surface when the watercraft is in motion, the air entering
through the orifice means disposed above the water sur-
face being drawn to the suction side of said foil to there-
by affect the lift force upon said foil when the water-
craft is in motion; first regulating valve means compris-
ing at least one slide valve member mounted in said con-
trol member for selectively admitting additional air into
said last mentioned internal space; second regulating valve
means comprising at least one axially reciprocable conical
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valve member mounted in said control member for con-
troiling the flow of air between said internal spaces; and
means for connecting said valve means with each other
in such a way that said first valve means is clossd when
said second valve means is fully open.

10. In a watercraft having a directional conirol mech-
anism and a hull supported by at least one at least par-
tially water-submerged foil extending substantially trans-

ersely to the longitudinal direction of the hull, in com-
binaiion, at least one foil disposed laterally of the hull,
having a suction side and defining therewithin at least one
internal space, said foil formed with air discharge aper-
ture means between said suction side and said space; at
least one conirol member for automatically adjusting the
distance between the foil and the water surface when the
watercraft is In motion, said control member defining
therewithin at least one internal space in communication
with the space of said foil and formed with air intake
orifice means communicating with said last mentioned
space and disposed in part above and in part below the
normal level of the water surface when the watercraft
is in motion, the air entering through the orifice means
disposed above the water level being drawn to the suction
side of said foil to thereby affect the lift force upon said
foil when the watercraft is in motion; first regulating valve
means mounted in said conirol member for selectively ad-
mitting additional air into said last mentioned space;
second regulating valve. means mounted in said control
member for coniroliing the flow of air between said
spaces; and a conirol device operatively connected with
said directional control mechanism and with said valve
means for admiiting additional air into said last men-
tioned space and into said first mentioned space when
the watercraft is moved in an arcuate path and said foil
is located at the inner side of the path, and for throtiling
the flow of air from said last mentioned space to said
first mentioned space when the watercraft is moved in an
arcuate path and the foil is located at the outer side of the
path.

11. In a watercraft of the type having a huli supported
by at least one at least partially water-submerged foil ex-
tending substantially transversely to the longitudinal di-
vection of the hull, in combination, at least one foil hav-
ing a suction side and defining therewithin at least one
internal space, said foil formed with air discharge aper-
ture means between said suction side and said space; at
least one control member for automatically adjusting the
distance between the foil and the water surface when the
watercraft is in motion, said control member defining
therewithin at least one internal space in communication
with the space of said foil and formed with air intake
orifice means communicating with said last mentioned
space and disposed in part above and in part below the
normal level of the water surface when the watercraft
is in motion, the air entering through the orifice means
disposed above the water surface being drawn to the suc-
tion side of said foil to thereby affect the lift force upon
said foil when the watercrafi is in motion; first regulat-
ing valve means mounted in said control member for se-
lectively admitting additional air into said last mentioned
space; second regulating valve means mounted in said
control member for conirolling the flow of air between
said spaces; and a conirol device automatically responsive
to immersion speed and to emersion speed of said control
member, said conirol device operatively connected with
said valve means for adjusting the flow of air in a sense
to admit additional air to said last mentioned space and
to permit the flow of additional air into said first men-
tioned space in response to emersion speed of said con-
irel member, and to throttle the fiow of air from said last
mentioned space into said first mentioned space in re-
sponse to immersion speed of said control member.

12. In a watercraft of the type having a huil supported
by at least one at least partially water-submerged foil ex-
tending substantially transversely to the longitudinal di-
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rection of the hull, in comibination, at least one foil hav-
ing a suction side and defining therewithin at least one
internal space, said foil formed with air discharge aper-
ture means between said suction side and said space; at
least one control member for automatically adjusting the
distance between the foil and the water surface when the
watercraft is in motion, said conirol member defining
therewithin at least one internal space in communication
with the space of said foil and formed with air intake
orifice means communicating with said last mentioned
space and disposed in part above and in part below the
normal level of the water surface when the watercraft
is in motion, the air entering through the orifice means
disposed above the water surface being drawn to the suc-
tion side of said foil to thereby affect the lift force upon
said foil when the watercraft is in motion; first regulat-
ing valve means mounted in said conirol member for se-
lectively admitting additional air into said last mentioned
space; second regulating valve means mounted in said
control’ member for conirolling the flow of air be-
tween said spaces; and a control device automatically
responsive to immersion speed and to emersion speed -
of said control member, said control device operatively
connected with said valve means for adjusting the
flow of air in a sense to admit additional air to said first
mentioned space in response to emersion speed of said
coniro! member, and to throttle the flow of air from said
last mentioned space into said first mentioned space in
response to immersion speed of said control member, said
control device comprising a closed housing, a flexible dia-
phragm in said housing for dividing the latter into a first
and a second compartment, first conduit means for con-
necting said first compartment with said last mentioned
space, an air chamber communicating with said second
compartment, second conduit means for connecting said
air chamber with said last mentioned space, adjustable
valve means mounted in said second conduit means for
throitling the flow of air between said air chamber and
said last mentioned space, and actuating means connected
with said diaphragm and with said regulating valve means.
13. In a watercraft of the type having a hull supported
by at least one at least partially water-submerged foil ex-
tending substantialy transversely to the longitudinally di-
recticn of the hull, in combination, at least one foil hav-
ing a suction side and defining therswithin at least one in-
ternal space, said foil formed with air discharge aperture
neans between said suction side and said space; at least
one conirol member for automatically adjusting the dis-
tance between the foil and the water surface when the
watercraft is in motion, said control member defining
therewithin at least one internal space in communication
with the space of said foil and formed with air intake
orifice means communicating with said last mentioned
space and disposed in part above and in part below the
normal level of the water surface when the watercraft
is in motion, the air entering through the orifice means
disposed above the water surface being drawn to the suc-
tion side of said foil to thereby affect the lift force upon
said foil when the watercraft is in motion; first regulat-
ing valve means mounted in said control member for se-
lectively admiiting additional air info said last mentioned
space; second regulating valve means mounted in said
conirol member for controlling the flow of air between
said spaces; and a control device automatically responsive
1o vertical acceierations of the watercraft, said control de-
vice operatively connected with said valve means for ad-
justing the flow of air in a sense to admit additional air
to said last mentioned space in response to upward ac-
celeration of the watercraft, and to throttle the flow of
air from said last mentioned space into said first men-
tioned space in response to downward acceleration of the
watercraft. .
14. In a watercraft of the type comprising a hull sup-
ported by at least one at least partialy submerged foil ex-
tending substantially transversely to the longitudinal di-
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rection of the hull, in combination, at least one foil dis-
posed at least in part laterally of the hull, said foil having
a suction side, formed with at least one internal space
and having air discharge aperture means between said
suction side and said space; at least one control member
for automatically adjusiing the distance betwen the foil
and the water surface when the watercraft is in motion,
said control member defining therewithin at least one
internal space in communication with- the space of said
foil and formed with air intake orifice means communi-
cating with said last mentioned space and disposed in part
above and in part below the normal level of the water
surface when the watercraft is in motion, the air entering
through the orifice means disposed above the water sur-
face being drawn to the suction side of said foil to there-
by affect the lift force upon said foil when the water-
craft is in motion; first regulating valve means mounted
in said control member for selectively admitting addi-
tional air to said last mentioned space; second regulating
valve means connected with said first valve means and
adapted to control the flow of air between said spaces;
and a control device operatively connected with said
vaive means for automatically admitting additional air
into said last mentioned space and into said first men-
tioned space when -the watercraft rolls about the longi-
tudinal axis of the hull in a direction to move the foil
toward the water surface and for throttling the flow of
air from said last mentioned space into said first men-
tioned space when the watercraft rolls in a direction to
move the foil away from the water surface.

15. In a watercraft of the type comprising a hull sup-
ported by at least one at least partially submerged foil ex-
tending substantieily transversely to the longitudinal di-
rection of the hull, in combination, at least one foil dis-
posed at least in part Iaterally of the hull, said foil having
a suction side, formed with at least one internal space
and hkaving air discharge aperture means between said
suction side and said space; at least one control member
for automatically adjusting the distance between the foil
and the water surface when the watercraft is in motion,
said control member defining therewithin at least one in-
ternal space in communication with the space of said foil
and formed with air intake orifice means communicating

with said Iast mentioned space and disposed in part above

and in part below the normal level of the water surface
when the watercraft is in motion, the air entering through
the crifice means disposed above the water surface being
drawn to the suction side of said foil to thereby affect the
lift force upon said foil when the watercraft is in motion;
first regulating valve means mounted in said control mem-
ber for selectively admiiting additional air to said last
mentioned space; second regulating valve means connected
with said first valve means and adapted to control the
fiow of air between said spaces; and a comirol device
operatively connected with said valve means for auto-
matically admitting additional air into said last mentioned
space and into said first mentioned space when the water-
craft pitches in a direction to move the foil toward the
water surface and for throttling the flow of air from said
last mentioned space into said first mentioned space when
the watercraft pitches in a direction to move the foil
away from the water surface.

16. In a watercraft of the type comprising 2 hull sup-
ported by at least one at least partially submerged foil
extending substantially transversely to the longitudinal di-
rection of the hull, in combination, at least one foil dis-
posed at least in part lateraily of the hull, said foil having
a suction side, formed with at least one internal space
and having air discharge aperture means between said
suction side and said space; at least cne control member
for automatically adjusting the distance between the foil
and the water surface when the watercraft is in motion,
said contrel member defining therewithin at least one in-
ternal space in communication with the space of said
foil and formed with air intake orifice means communicat-
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ing with said last mentioned space and disposed in part
above and in part below the normal level of the water
surface when the watercraft is in motion, the air entering
through the orifice means disposed above the water surface
being drawn to the suction side of said foil to thereby
affect the 1ift force upen said foil when the watercraft is
in motion; first regulating valve means mounted in said
conirol member for sclectively admitting additional air
to said last mentioned space; second regulating valve

eans connected with said first valve means and adapted
to control the flow of air between said spaces; and a con-
trol device operatively connected with said valve means
for automatically admitting additional air into said last
mentioned space and into said first mentioned space when
the watercraft pitches and rolls in a direction to move
the foil toward the water surface and for throitling the
flow of air from said last mentioned space into said first
mentioned space when the watercraft pitches and rolls in
a direction to move the foil away from the water surface,
said contrel device comprising at least one rate gyroscope
means including a housing mounted for pivotal move-
ments about a substantially vertical axis, resilient means
for maintaining said.rate gyroscops means in a state of
equilibrium, and actuating means connected with said
housing and operatively coupled with said valve means
for adjusting the latter in response to angular displace-
ments of said rate gyroscope means about said vertical
axis.

17. In a watercraft of the type comprising a hull sup-
ported by at least one at least partially submerged foil
extending substantially transversely to the longitudinal
direction of the hull, in combination, at least cne foil
having a suction side, formed with at least one internal
space and having air discharge aperture means beiween
said suction side and said space; at least one contrel mem-
ber for automatically adjusting the distance between the
foil and the water surface when the watercraft is in
motion, said control member defining therewithin at Ieast
cne Internal space in communication with the space of
said foil and formed with air intake orifice means com-
municating with said last mentioned space and disposed
in part above and in part below the normal level of the
water surface when the watercraft is in motion, the air
entering said first mentioned space being drawn to the
suction side of said foil to thereby affect the 1ift force
upon said fcil when the watercraft is in motion; an addi-
tional air intake pipe equipped with a control valve and
connected with the last mentioned space; and a control
device for automatically adjusting said valve means in
response to. changes in forward speed of the watercraft
by admitting additional air into said last and first men-
tioned spaces in response to increasing forward speed of
the watercraft, said control device comprising cylinder
means, piston means reciprocably received in said cylinder
means, resilient means for permanently biasing said piston
means in a given direction, actuating means operatively
connected with said piston means and with said valve
means, and conduit means communicating with said cylin-
der means and comprising water-submerged nozzle means
for introducing water into said cylinder means whereby
the dynamic pressure of water counteracts-the bias of
said- resilient means when the watercraft is in motion,
said actuating means adjusting said valve means in a sense
to admit more air to said first and last mentioned spaces
in response to increasing dynamic pressure of water upon
said piston means. v

18. In a watercraft of the type comprising a huil sup-
ported by at least one at least partially water-submerged
foil extending substantially transversely to the longitudinal
direction of the hull, in combination, at least one foil
having a suction side, formed with at least one internal
space and having a plurality of air discharge apertures
between said suction side and said space, said foil com-
prising a trailing edge and at least some of said apertures
being inclined rearwardly in a direction toward said trail-
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ing edge; and at least one control member for antomatical-
1y adjusting the distance between the foil and the water
surface when the walercraft is in motion, said control
member defining there within at least one internal space
in communication with the space of said foil and formed
with air intake orifice means communicating with said
last mentioned space and disposed in part above and in
part below the normal level of the water surface when
the watercraft is in motion, the air euntering through the
orifice means disposed above the water surface being
drawn to the suction sids of said foil to thereby affect the
lift force upon said foil when the watercraft is in motion.
19. In a watercraft of the type comprising a hull sup-
ported by at least one at least partially water-submerged
foil extending substantially transversely to the longitudi-
nal direction of the hull, in combination, at least one foil
having a suction side, formed with at least one internal
space and having a plurality of air discharge apertures
between said suction side and said space; and at least
one control member connected with said foil for automati-
cally adjusting the distance between the foil and the water
surface when the watercraft is in motion, said control
member defining therewithin at least one internal space
in communication with the space of said foil and formed
with air intake orifice means communicating with said
last mentioned space and disposed in part above and in
part below the normal level of the water surface when
the watercraft is in motion, the air entering said first
mentioned space being drawn to the suction side of said
foil to thereby affect the lift force upon said foil when
the watercraft is in motion, the combined cross-sectional
area cf apertures per unit area of said foil increasing
in a direction away from the point of connection between
said foil and said control member.

20. In a watercraft of the type comprising a huil sup-
ported by at least one at least partiaily water-submerged
foil extending substantially transversely to the longitudi-
nal direction of the hull, in combination, at least one foil
having a suction side, formed with at least one internal
space and having a plurality of elongated siot shaped
air discharge apertures between said suction side of said
space; and at least one conirol member for automatically
adjusting the distance between the foil and the water
surface when the watercraft is in motion, said control
member defining therewithin at least one internal space
in communication with the space of said foil and formed
with air intake orifice means communicating with said last
mentioned space and disposed in the area of the subpres-
sure produced by the water flow at the profile of the con-
trol member and located in part above and in part below
the normal level of the water surface when the watercraft
is in motion, the air entering through the orifice means dis-
posed above the water surface being drawn to the sucticn
side of said foil to thereby affect the lift force upon said
foil when the watercraft is in motion.

21. A combination as set forth in claim 1, wherein said
control member is of streamlined profile and constitutes
a supporting strut for said foil, said strut connected to
said hull. )

22. A combination as set forth in claim 1, wherein said
conirel member has a leading edge and said orifice means
are provided in the proximity of said leading edge.

23. A combination as set forth in claim 10, further
comprising shaft means for connecting said first and sec-
ond valve means to each cother, said control device com-
prising a rotary member connected with said directional
“control mechanism and having substantiaily helical cam
groove means, lever means mounted for pivotal move-
ment abouf a fixed axis, follower means connected with

said lever means and extending into said cam groove .

means, and actuating means connected with said lever
means and operatively coupled with said shaft means for
adjusting the position of said valve means proportionally
with pivotal movement of said lever means in response
to angular displacement of said rotary member,
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24, A combination as set forth in claim 13, wherein
said control device comprises a mass, resilient means for
maintaining said mass in a state of equilibrinm, and actu-
ating means operatively connected with said mass and
with said valve means, said actuating means responsive to
upward movement of said mass in response to downward
acceleration of the watercraft and to downward move-
ment of the mass in response to upward acceleration of
the watercraft.

25. A combination as set forth in claim 24, further
comprising damping means connected with said mass.

26. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil
extending substantially transversely to the longiiudinal
axis of the hull, in combination, at least one foil having
a suction side and defining therewithin at least ome in-
ternal space, said foil being provided with aperture means
for connecting said space with said suction side; at least
one control member for automatically adjusting the dis-
tance between said foil and the water surface when the
watercraft is in motion, said control member defining
therewithin at least one internal space and having air
intake orifice means disposed in part above and in part
below ihe normal level of the water surface when the
watercraft is in motion, the air which enters through
the orifice means disposed above the water surface being
drawn to the suction side of said foil to thereby affect
the lft force upon said foil when the watercraft is in
miotion; at least one at least partiaily hollow member hav-
ing an internal space in communication with the internal
space of said control member; and valve means disposed
between said control member and said hollow member
for regulating the flow of air from the internal space of
said control member to the internal space of said hollow
member.

27. In a watercraft of the type comprising a huil sup-
ported by at least one at least partially water-submerged
foil extending substantizlly transversely to the longitudi-
nal axis of the hull, in combination, at least one foil
disposed at least in part laterally of the huil, said foil
having a suction side, defining at least one internal space
and having air discharge aperture means provided between
said suction side and said internal space; at least one con-
trol member for automatically adjusting the distance be-
tween the foil and the water surface when the watercraft
is in motion, said control member defining therewithin
at least one internal space in communication with the in-
ternal space of said foil and having air intake orifice means
communicating with the internal space thereof and dis-
posed in part above and in part below the normal level
of the water surface when the watercraft is in motion,
the air which enters through the orifice means disposed
above the water surface being drawn to the suction side
of said foil to thereby affect the lift force upon said foil
when the watercraft is in motion; first regulating valve
means mounted in said control member for selectively-
admitting additional air into the internal space of said
control member; second regulating valve means connected
with said first valve means and adapted to control the
fiow of air between said internal spaces; and a control
device operatively comnected with said vaive means for
automatically admitting additional air into said internal
spaces when the watercraft is inclined in a direction to
move the foil toward the water surface and for throttling
the flow of air from the internal space of said control
member to the internal space of said foil when the water-
craft is inclined in a direction to move the foil from
the water surface, said control device comprising a gyro-
scopic horizon and actuating mieans operatively connected
with said gyroscopic horizon and with said valve means
for adiusting the valve means in respoise to impulses
received from said gyroscopic horizon.

28. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil ex-
tending substantiaily transversely to the longitudinal axis
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of the hull, in combination, a foil haviig a suction side and
defining therewithin an internal space, said foil Baving air
discharging aperture means provided between said suction
side and said internal space; a control system for auto-
matically adjusting the distance between the foil and the
water surface, said system comprising a control member
defining therewithin an internal space in communication
with the internal space of said foil, said control member
haviiig alr intake orifice means disposed in part above
afid in part below the normal level of the water surface
when the watercraft is in motion, the low-pressure area
developing at the suction side of said foil causing the air
entering through the orifice means disposed above the
water surface to flow from the internal space of said con-
trol member into the internal space of said foil and to be
discharged through said aperture means whereby the ratio
of combined cross-sectional area of orifices above the
water surface t6 the combined cross-sectional area of ori-
fices below the water surface determines the extent to
which the air discharged through said aperture means
affects the 1ift force npon said foil; first regulating valve
means mounted in said control member above the normal
level of the water surface for selectively admiiting addi-
icnal air to the internal space of said control member;
and second regulating valve means mounted in said con-
trol member for adjusting the flow of air from the internal
space of said control member to the internal space of
said foil,

29, In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil
extending substantially transversely to the longitudinal
axis of the hull, in combination, a foil having a suction
side and defining therewithin an internal space, said foil
having air discharging aperture means provided between
said suction side and said internal space; and a control
system for automatically adjusting the distance between
the foil and the water surface, said system comprising
a control member defining therewithin an internal space
in communication with the internal space of said foil,
said control member having a leading edge, a trailing
edge and air intake orifice means disposed substantially
midway between said edges in part above and in part below
the normal level of the water surface when the watercraft
is in motion, the low-pressure area developing at the
suction side of said foil causing the air eniering through
the orifice means disposed above the water surface to
flow from the internal space of said control member into
the internal space of said foil and to be discharged through
said aperture means, whereby the ratio of combined cross-
sectional area of orifices above the water surface to the
combined cross-sectional area of orifices below the water
surface determines the extent to which the air discharged
through said aperture means affects the lift force upon
said foil.

30. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil
extending substantially transversely to the longitudinal
axis of the hull, in combination, a foil having a suction
side and defining therewithin an internal space, said foil
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having air discharging aperture means provided between
said suction side and said internal space; and a conirol
system for automatically adjusting the distance between
the foil and the water surface, said system comprising a
contrsl member defining therewithin an internal space in
communication with the internal space of said foil, said
control member having a leading edge, a trailing edge
and air intake orifice means disposed in said trailing edge
in part above and in part below the normal level of
the water surface when the watercraft is in motion, the
low-pressure area developing at the suction side of said
foil causing the air entering through the orifice means
disposed above the water surface to flow from the internal
space of said control member into the internal space of
said foil and to be discharged through said aperture means,
whereby the ratio of combined cross-sectional area of
orifices above the water surface to the combined cross-
sectional area of orifices below the water surface deter-
mines the extent to which the air discharged through said
aperture means affects the lift force upon said foil.

31. In a watercraft of the type whose hull is supported
by at least one at least partially water-submerged foil
extending substantially transversely to the longitudinal
axis of the hull, in combination, a foil having a suction
side and defining therewithin an internal space, said foil
having air discharging aperture means provided between
said suction side and said internal space; and a control
system for automatically adjusting the distance between
the foil and the water surface, said system comprising a
control member defining therewithin an internal space in
communication with the internal space of said foil, said
control member having a plurality of orifice means ver-
tically spaced from each other and disposed in part above
and in part below the normal level of the water surface
when the watercraft is in motion and said control mem-
ber further comprising a plurality of fin means each dis-
posed between a pair of adjacent orifice means, the low-
pressure area developing at the suction side of said foil
causing the air entering through the orifice means disposed
above the water surface to flow from the internal space
of said control member into the internal space of said
foil and to be discharged through said aperture means,
whereby the ratio of combined cross-sectional area of
orifices above the water surface to the combined cross-
sectional area of orifices below the water surface deter-
mines the extent to which the air discharged through said
aperture means affects the lift force upon said foil.
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