
944,501                                        3            deflectors.
wall is of V formation, the point of the V                       Fig. 10
illustrates various cross-sections of  being offset to the outside of the
vehicle,                     blades suitable for the front deflectors.
the port 4 being formed along the inner edge                 Fig. 11
illustrates various cross-sections  of the V. In operation, air is expelled
from  5  of blades suitable for the rear deflectors.    the port 4 in an
inwards and downwards 70                       Fig. 12 illustrates further
alternate cross-  direction to form  the  aforesaid  curtain.
sections of the side wall, with varying forms  Similarly air is expelled
from the port 5 in                     of mouths or outlets.
the other side walls, and from the ports 6                       Fig. 13 is
a horizontal cross section  and 7 at the front and rear. A pressure is  10
through the side walls illustrating an alter-  built up beneath the vehicle
to the extent 75                    native construction.
that is necessary to raise the vehicle from                       The
vehicle illustrated in Figs. 1, 2 and 3  the ground or from the water. As
the pres-                    is of a form  substantially rectangular, the
sures rises, the curtain is deflected outwardly                    ends
being rounded in the plan view to give  from the space beneath the vehicle.
15   a better aerodynamic shape. The length of    A bank of deflector
blades 16 is arranged 80                    the vehicle is approximately
twice the width,  between the side walls 2 and 3, the centre
the height varying according to the purpose  line of the bank being
vertically below the                    for which the vehicle is
constructed. Pre-  port 6. A similar bank of deflector blades       ferably
the side elevation, as in Fig. 2, is  17 is arranged at the rear of the
vehicle,       20 of aform giving good aerodynamic qualities. similarly
placed below the port 7. Each 85                    To further improve the
aerodynamic quality,  bank of deflector blades is curved, in plan
side fins extending upwards at each side of  form, so that they are always
in the correct                    the body may be provided, as shown by
position relative to the ports 6 and 7, and is                    dotted
lines 1 and Figs. 1 and 2.  The  supported along its length by struts 18 of
25 vehicle is of inverted channel form in the  streamline form.
90                    end view, there being a main body 2 prov-    The
position and action of the front bank                    vided with side
walls 3 depending from the  of deflectors 16 is more clearly illustrated in
main body and extending for the length of  Fig. 8. The air being expelled
from the port                    the vehicle. The side walls are provided
6 in the form of a curtain is bent outwards in 5              30 at their
lower parts with ports extending  a curve by the pressure of the air under-
95                    along their length, as shown by dotted lines  neath
the vehicle and which is contained by                    4 and 5 in Fig. 4,
and further ports extend  the curtains of air from the ports. When the
across the bottom of the main body at the  air curtain has been bent
outwards to a posi-                    front and rear, shown at 6 and 7 in
Fig. 4.  tion substantially vertically beneath the port 35   At the front
of the vehicle are provided  6. it flows through the bank of deflector 100
two air inlets 8, one on each side. Behind  blades. The deflector blades
are of suitable                  the inlets are situated several propellers
9,  aerofoil section, having a convex surface                    each, in
the example illustrated, driven by a  directed away from  the space below
the                    gas turbine engine 10, and being mounted  vehicle
and a concave surface facing the 40 in individual chambers 11. Air is com-
space below the vehicle. The action of the 105                   pressed by
the propellers, the air passing  deflector blades is to deflect the curtain
of                   through the individual chambers into main  air from
the port 6 so that it issues once                   air galleries 12.
Combustion air for the gas  more with a direction inwards towards the
turbines enters the turbine via inlet 13, Fig.  underside of the vehicle.
The pressure once 45 5,the exhaust gases passing into the main air  again
bends the curtain until it is flowing 110                   galleries 12
with the air from the propellers.  outwards away from  the space under the
The turbines, and propellers, are mounted  vehicle.                   in
the ducts on suitably shaped struts 14,   A similar bank of deflector
blades 17 can                   through which can pass the fuel pipes and
be used at the rear as shown in Fig. 9. The            50 engine controls.
The propellers 9 may be  curtain of air being expelled from the port 7 115 



of fixed or variable pitch design, and may  is first directed inwardly
being then bent by                   of course be driven by any other
suitable  the pressure beneath the vehicle until it               means.
reaches a position substanutially vertically                     From  the
main air galleries 12 the air  beneath the port 7. It then flows through
55 passes downwardly into a duct 15.  The  the bank of deflector blades 17,
the blades 120                  duct passes right round the vehicle, being
of which may be of the same form as the                  contained within
the side walls when passing  blades of the deflector bank 16, the convex
along the sides of the vehicle. From  the  face facing out from the space
beneath the                  duct 15 the air is impelled through the peri-
vehicle and the concave face facing the 60 pheral nozzles 4,5,6 and 7, to
form curtains  space beneath the vehicle. The action of 125
which are continuous round the periphery of  the rear deflector blades is
the same as that                  the vehicle.
of the front ones.                    The cross-section of the side walls
may   The use of deflector blades enables the                  vary, but in
the example illustrated they are  curtain to be thinner, and thus the port
nar- 65 as shown in Fig. 6. The bottom of the side  rower, than would be
the  case if deflector 130                                       blades
were not used. Without the deflector  spilling over the outer edge is
avoided or                                blades the curtain would need to
be "stiffer"  reduced and the strength of the curtain is
to avoid being bent outwards too quickly by  maintained. This results in a
sustained varia-                                the cushion pressure. The
increase in "stiff-   tion of cushion pressure with height. It will
ness" would require an increase in thrust  be appreciated that this is not
the only 70                                through the port and thus
increased power  factor necessary to achieve stability where consumption.
In order to reduce the drag  local changes of height are experienced, as
of the banks of deflector blades, suitably  means must be provided as
described for                               shaped shields 19 are placed in
front of and  example in Application No. 9900/59 (Serial
10 behind the banks.                          No. 944,502). for localising
the pressure 75                       When the bottom of the side walls 2
and 3  change due to a local change of height.     are shaped as shown in
Fig. 6, a difficulty    Figure 10 (c) illustrates blades each of
arises in sealing the edges of the air curtains  which has a different
radius of curvature,                           15  expelled from the front
and rear ports 6 and  the radius being greater for the inside blade
7. The air in the curtains from the ports 6, than for the outer. By this
variation the 80                               and 7 flows vertically when
viewed from the  curtain, which progressively thickens as it
front or the rear, as shown by the dotted   travels from the port to the
deflectors, can                               lines 20. This leaves a gap,
shown at 21  be re-compressed to reduce its thickness and
between the end of the front, and rear, cur-  hence increase its stiffness
as compared with                           20 tain and the side curtain.
This gap would  the case in which all the blades have the 85
allow the air pressure beneath the vehicle  same radius of curvature.
Moreover with                               to escape and must therefore be
prevented. this arrangement the angle of the leading
In the case of the side wall shaped as in edge of each blade can be aligned
to the       Fig. 6 this can be done by slanting  the end  angle of that
part of the curtain which  im-               25 of the port 4, and port 5
in the other side  pinges upon it. In Figure 10 (d), while the 90     wall,
upward as at 22, -Fig. 8, until it  blades are shown with the leading edges
reaches the vertical inner wall 23 of the side  varied according to the
angle at which the                          wall.  The same curving of the
port 4, and  curtain meets the bank of deflector blades,
30 port 5, is carried out at the rear end as  the trailing edges are all
parallel so that the                              30 shown at 24 in Fig. 9.
air streams through the blades  issue in                                An
alternative cross-sectional shape of the  parallel lines. Other forms of
blades may                              side walls is shown in Fig. 7. In
this case  be provided to meet other requirements and
the curtain expelled from the port 4 is in  also blades may be made of a
form com- 



contact with the edge of the curtain from  bining two or more of the
individual forms.                          35 the ports 6 and 7 and no
difficulty in sealing    The form of the blades forming the rear 100
occurs. However, the pressure within the  deflectors may also be varied. It
will be                              curtains is acting over a smaller
proportion  appreciated that if the vehicle is operating
of the total bottom area than in the case  over water, with the rear
deflector blades                              where the side walls are
formed as in Fig. 6  shapes as in Figure .11 (d), then if the de-
40 and the total lifting force is thus decreased. flectors should come into
contact with the 105                                The form  of the blades
comprising the water, for example by hitting a wave, con-
front deflectors. may vary depending upon  siderable drag and also
considerable loads,                             the requirements. It will
be appreciated that  will be caused by the action of the blades on
in order to enable the vehicle to operate in a the water. By reducing the
angle through                          45 stable manner, the cushion
pressure must which the blades deflect the curtain, the 110
vary with the height of the vehicle. A small hydrodynamic loads are
reduced.  Figure                             decrease or increase of
cushion pressure due  11 (b) shows blades in which there is no
to increase or decrease in the height of the  velocity component towards
the cushion, and                             vehicle will cause the curtain
to move in-  Figure 11 (c) shows blades with a slight
50 wards or outwards respectively.  If, how- velocity component away from
the cushion. 115                             ever, the blades of the bank
of deflectors all This modification of the rear deflector blades
have the same incidence, as in Fig. 10 (a),  will make them less efficient
and it may be                 then  over a certain range  of heights, when
necessary to have  more than  one  bank  of                             the
curtain is near the outer part of the  deflector blades.  Where two, or
more,                         bank, outward movement of the curtain
banksareusedtheyarepositionedoneabove 120                             will
cause part of the air to spill over the the other being in a staggered
formation, the                             outer edge of the bank,
resulting in a weaker lower bank being displaced slightly rearward
curtain beneath the bank. This tends to  relative to the upper bank so as
to entrain                             cancel out the increase of pressure,
and      the curtain.                         hence the  variation of
pressure with height  Alternatively, the vehicle may be provided 125
which is necessary to achieve stability. By  with a bank of deflector
blades at the front                            making the blades with
differing angles of  only, the rear curtain being made thicker
incidence, to the vertical,as shown in Fig. and thus "stiffer" by widening
the port 7,                                                             10
(b), the blade with the largest incidence or the curtain efficiency being
increased by  being the outermost one from the cushion, some other suitable
method.                                                            944,501
5   It will be understood that in each case,  curtain across the rear than
the front and by   each bank of deflectors contains a sufficient  suitably
profiling the longitudinal cross-   number of blades to allow for the fore
and  section of the side wall bottom.   aft movement of the curtains with
varying    It will be obvious that other forms of side   5 cushion
pressures.                    wall can be provided depending upon the 70
Illustrated in Figure 12 are further suit-  particular requirements of the
operating con-   able cross-sections for the side-walls.  In  ditions of
the vehicle. For example, single,       (a), (b), (c) and (d) the port for
the side  or multiple, planing steps may be formed on           curtain is
formed at the top of the inside face  the bottom of the side walls, and on
the sides                10 of the wall, the inside face supporting the  of
the side walls, to reduce the area of the 75                   curtain
until it reaches the bottom edge. This  surface in contact with the water
in a   construction enables the actual nozzle form-  known manner. Again,
the side walls can be   ing the port to be placed in a position where  so
constructed that they will form bouyancy 



it is least likely to be damaged by waves, chambers (e.g. pontoons) for the
vehicle   15 etc. and also in a positon where there is less  when resting
in the water.         80           likelihood of water entering the port
and    The side walls may vary in vertical height  interfering with the
flow of air along the  such that the front and rear ends fair off  duct
supplying the port. The cross-sections  into the bottom surface of the main
body.  at (e) and (f) in Figure 12 have the advan-  This variation in
height of the side walls  tages that they produce the minimum lifting  may
be limited to a relatively short portion 85  force on the vehicle when
running into  at each end, or the height may vary con-  waves. These
alternative cross-sections for  tinuously along the length of the side
walls.           the side-walls are likely to be used when the  starting at
zero at one end, reaching a maxi-                  vehicle is operating so
that the bottom of the  mum at some intermediate position and re-
25 side-walls just cut through the crests of the  turning to zero at the
other end.     90  waves.  The vehicle may operate at any    Although, in
the example described above,  suitable height varying from, for example, a
only one bank of deflector blades is 'em-  height where the distance of the
bottom of  ployed at the front of the vehicle, two, or  the main body from
the water surface is  even more, banks may be employed, suitably  30 twice
the distance of the bottom of the side-  positioned to redirect the air
curtains.  95.  wall from the surface, to a height where, as    Banks of
deflector blades may also be  stated above, the walls are just cutting
provided where air curtains are used to                  through the crests
of the waves.  Operating  divide the air cushion for the purposes of  at
this latter height would be advisable  stability and trim control. As these
air cur-  35 when the required direction of travel is at  tains may be bent
in either direction depend- 100  an angle to the line of the waves, and
also  ing upon the relative pressures in the separ-  at yet a different
angle to any wind direction.  ate portions of the cushion, the banks may
Under such conditions, the walls cutting  consist of a set of deflector
blades on either  through the wave crests would maintain the  side of the
vertical centre line of the air     40 vehicle in alignment with its
direction of curtain and arranged to deflect the curtain  105
travel. If the vehicle was normally out of  back towards the vertical
centre line.  contact with the water, it would tend to    In an alternative
form of the vehicle, the  swing round into the wind and have a side-  banks
of deflector blades are replaced by  ways component of motion. Should a
large  horizontal members, of suitable shape, which  45 wave then make
contact with the side walls,  extend between the side walls, beneath the
110  there would be a large turning moment on  ports across front and rear
of the main body.  Each horizontal memeber a small fin could   Each
horizontal member has an opening  the vehicle. Alternatively, a small fin
could  Each horizontal member has an opening  project down from the
vehicle, preferably at  approximately in the centre of the upper sur-  the
rear, so as to be always in the water and  face and extending from one side
wall to the  50  so maintain alignment.               other. The curtain
expelled from the front 115  maintain                   The vehicle can be
propelled by any suit-  and rear ports, after being bent by the air
able  means, but in the vehicle described  cushion enters these openings.
Two laterally             above, propulsion is obtained by providing
displaced ports are formed in the bottom the side curtains from ports 4 and
5 with a  surface of the horizontal member, again 55 rearward velocity
component by means of  extending from one side wall to the other, 120
suitably shaped vanes 25 as shown in Figures  two air curtains being
expelled from them                  8 and 9.
and reaching the surface. Due to displacement of the water by the    In a
further alternative, the vertical cur-                 air curtain expelled
from the side wall, and  tain  between the side walls is replaced by 60
the wave motion due to the air cushion there  curtains issuing from
vertical ports formed 125                 is likely to be a slightly
greater distance  either in the sides of the side walls or verti-
from the water surface to the bottom of the  cal members placed between the
side walls.                 side wall and the bottom of the main body  In
Fig. 13, vertical members 30 and 31, of of the vehicle at the rear than at
the front.  suitable shape are positioned between the   65 This can be
seduced by providing a stronger  side walls. Vertical ports 32 and 33 are
130  



944,501                                  formed in the sides of the
vertical members, fluid to recirculate in the existing curtain or
one on each side. Air is expelled from  to form a further curtain.
these ports to form horizontally directed cur-    8. A  vehicle as claimed
in claim  3 or                                 tains with a velocity
component towards the  claim  5 wherein at least one deflector is
5 air cushion, the curtains being bent by the  located in the path of at
least one of the fluid                                 cushion pressure,
and entering vertical open-  curtains extending between the walls, the de-
ings 34 and 35 in the side walls. The cur-  flector being so shaped in
cross-section as to                                 tains may alternatively
be expelled from ver-  deflect the fluid. into a direction having a
tical ports in the side walls and collected in  component of direction
inwards towards a                              10 the vertical member. In
either case the air  cushion, thereby forming in effect a second 7
recovered from  the horizontally directed  curtain which is an extension of
that formed                                 curtains, or a fresh supply of
air, is made  between the main body of the vehicle and
to issue from horizontal members 36 located  the deflector by the fluid
issuing from the                                 beneath the horizontally
directed curtains at  main body of the vehicle.
15 the front and rear at or near the bottom of    9. A vehicle as claimed
in claim 8, where- 8                                 the side walls, to
form a vertically-directed  in the said deflector forms one of a bank of
curtain.  the width of the vehicle is  deflectors spaced from each other in
a fore-                  large vertical deflectors could also be used,
and-aft direction.                                 or additional vertical
members forming addi-    10. A vehicle as claimed in claim 8 or 9,
20 tional curtains can be provided.           wherein the deflector or bank
of deflectors is 8                                   WHAT WE CLAIM IS:-
or are substantially horizontal and located
1. A vehicle for travelling over water and  substantially at the same
height as the lower                                 which in operation is
supported above the  part of the side walls.                surface of the
water by at least one cushion  11. A vehicle as claimed in claim 8 or 9,
25 of pressurised gas formed and contained  wherein the said deflector or
bank of de- 9                                 beneath the vehicle,
comprising at least two  flectors is or are substantially horizontal and
walls which project below the bottom of the  one or more further deflectors
or banks of                                 vehicle extending substantially
parallel to  deflectors is or are'arranged below the afore-
the fore and aft axis of the vehicle and each said deflector or bank of
deflectors.       30 forming part of the boundary of a cushion,   12. A
vehicle as claimed in claim 9, or 9                                at least
part of the remainder of the bound-  10 or 11, wherein the angles of
incidence                                ary of the cushion being formed by
a curtain  to the vertical of the deflector blades in a
of moving fluid.                          bank vary from a maximum at the
outer-       2. A vehicle as claimed in claim I where-  most blade to a
minimum at the innermost                              35 in at least one
wall is located each side of the  blade.                vehicle each wall
forming at least part of    13. A vehicle as claimed in claim 9, 10
the boundary of a cushion along each side  or 11, wherein the radii of
curvature of the                                 of the vehicle.
deflector blades in a bank vary from a mini-       3. A vehicle as claimed
in claim 1 or  mum at the outermost blade to a maximum       40 claim  2
wherein means are provided for  at the innermost blade.
causing fluid to issue from  the bottom  of    14. A vehicle as claimed in
any one of the                                 the vehicle to form curtains
of moving fluid  claims 8 to 13, wherein the or each deflector
extending normal to the fore and aft axis of  at the rear of the cushion is
so formed that        the vehicle between the walls.            its lower
edge is directed slightly rearwards 



45   4. A vehicle as claimed in claim 1, 2 or 3  so as to give a velocity
component to the 1                                 wherein each wall forms
the upper part of  fluid which is slightly rearwards.
the lateral  boundary of a cushion, means    15. A vehicle as claimed in
any one of the                                 being provided for causing
fluid to issue  preceding claims, wherein the side walls, with
from the lower parts of each wall for form-  or without ducts leading to
ports therein, are                              50 ing curtains of moving
fluid, each curtain designed to act as buoyancy chambers.    1
forming the lower part of the lateral bound-   16. A vehicle as claimed in
any one of                                 ary of a cushion.
the preceding claims, which further com-
5. A vehicle as claimed in claim' 2 or prises a central wall projecting
from  the                                 claim 3 comprising two walls
located one on  bottom of the vehicle and extending substan-
55 each side of the vehicle, each wall being at tially parallel to the side
walls.                all times being at least partly immersed in    17. A
vehicle as claimed in any one of the                                 the
water each cushion boundary at each preceding claims wherein two parallel
walls                                 end of the vehicle being formed by at
least extend along each side of the vehicle.
one curtain of moving fluid.                18. A  vehicle substantially as
described                             60   6. A vehicle as claimed in any
one of the  with reference to Figures 1-6, 8 and 9, or 12
preceding claims wherein means are provided  Fig. 7 or any of Figs. 10, 11,
12 or 13.                                 for recovering into the vehicle
at least part                                 of the curtain forming fluid
for reuse.                                   7. A vehicle as claimed in
claim 6 wherein       Chartered Patent Agent.
65 means are provided for causing the recovered       Agent for the
Applicants. !'I-                             Berwick-upon-Tweed:  Printed
for Her Majesty's Stationery Office by The Tweeddale Press Ltd-19
Published at The Patent Office, 25 Southampton Buildings, London. W.C.2.
from  which copies me                       be obtained        944.501
944,501                                 formed in the sides of the vertical
members, fluid to recirculate in the existing curtain or         one on
each side.  Air is expelled from. to form a further curtain.
these ports to form horizontally directed cur-    8. A  vehicle as claimed
in claim  3 or                                tains with a velocity
component towards the  claim 5 wherein at least one deflector is
5   air cushion, the curtains being bent by the  located in the path of at
least one of the fluid 70                                cushion pressure,
and entering vertical open-  curtains extending between the walls, the de-
ings 34 and 35 in the side walls. The cur-  flector being so shaped in
cross-section as to                                tains may alternatively
be expelled from ver- deflect the fluid. into a direction having a
tical ports in the side walls and collected in  component of direction
inwards towards a                             10 the vertical member. In
either case the air  cushion, thereby forming in effect a second 75
recovered from  the horizontally directed  curtain which is an extension of
that formed                     curtains, or a fresh supply of air, is made
between the main body of the vehicle and                   to issue from
horizontal members 36 located  the deflector by the fluid issuing from the
beneath the horizontally directed curtains at  main body of the vehicle.
15 the front and rear at or near the bottom of    9. A vehicle as claimed
in -claim 8, where- 80                                the side walls, to
form a vertically-directed  in the said deflector forms one of a bank of
curtain the width of the vehicle is  deflectors spaced from each other in a
fore-                  large vertical deflectors could also be used,
and-aft direction.                                or additional vertical
members forming addi-  10. A vehicle as claimed in claim 8 or 9,
20 tional curtains can be provided.          wherein the deflector or bank
of deflectors is 85                         WHAT WE CLAIM IS:-     or are
substantially horizontal and located 



1. A vehicle for travelling over water and  substantially at the same
height as the lower                                which in operation is
supported above the  part of the side walls.
surface of the water by at least one cushion    11. A vehicle as claimed in
claim 8 or 9,        25 of pressurised gas. formed and contained  wherein
the said deflector or bank of de- 90                                beneath
the vehicle, comprising at least two  flectors is or are substantially
horizontal and                                walls which project below the
bottom of the . one or more further deflectors or banks of
vehicle extending substantially parallel to  deflectors is or are arranged
below the afore-                                the fore and aft axis of
the vehicle and each said deflector or bank of deflectors.
3  forming part of the boundary of a cushion,  12. A vehicle as claimed in
claim 9, or 95                                at least part of the
remainder of the bound-  10 or 11, wherein the angles of incidence
ary of the cushion being formed by a curtain  to the vertical of the
deflector blades in a                                of moving fluid.
bank vary from a maximum at the outer-                                   2.
A vehicle as claimed in claim 1 where- most blade to a minimum at the
innermost         35 in at least one wall is located each side of the
blade.                          100                                 vehicle
each wall forming at least part of  13. A vehicle as claimed in claim 9, 10
the boundary of a cushion along each side  or 11, wherein the radii of
curvature of the                                 of the vehicle.
deflector blades in a bank vary from a mini-
3. A  vehicle as claimed in claim  1 or mum at the outermost blade to a
maximum                             40 claim  2 wherein means are provided
for  at the innermost blade.                  105
causing fluid to issue from the bottom  of    14. A vehicle as claimed in
any one of the                                 the vehicle to form curtains
of moving fluid claims 8 to 13, wherein the or each deflector
extending normal to the fore and aft axis of  at the rear of the cushion is
so formed that        the vehicle between the walls.           its lower
edge is directed slightly rearwards                             45   4. A
vehicle as claimed in claim 1, 2 or 3  so as to give a velocity component
to the 110                                 wherein each wall forms the
upper part of  fluid which is slightly rearwards.
the lateral boundary of a cushion, means    15. A vehicle as claimed in any
one of the                                 being provided for causing fluid
to issue  preceding claims, wherein the side walls, with
from the lower parts of each wall for form- or without ducts leading to
ports therein, are   50  ing curtains of moving fluid, each curtain
designed to act as buoyancy chambers.    115
forming the lower part of the lateral bound-   16. A vehicle as claimed in
any one of                                 ary of a cushion.
the preceding claims, which further com-
5. A  vehicle as claimed in claim 2 or  prises a central wall projecting
from  the                                 claim 3 comprising two walls
located one on bottom of the vehicle and extending substan-
55 each side of the vehicle, each wall being at tially parallel to the side
walls.   120                                 all times being at least
partly immersed in   17. A vehicle as claimed in any one of the
the water, each cushion boundary at each  preceding claims wherein two
parallelwalls                                 end of the vehicle being
formed by at least  extend along each side of the vehicle.
one curtain of moving fluid.                18. A  vehicle substantially as
described                             40   6. A vehicle as claimed in any
one of the  with reference to Figures 1-6, 8 and 9, or 125
preceding claims wherein means are provided Fig. 7 or any of Figs. 10, 11,
12 or 13.                                 for recovering into the vehicle
at least part         of the curtain forming fluid for reuse.       H. W.
GRACE,                     7. A vehicle as claimed in claim 6 wherein
Chartered Patent Agent.                             65 means are provided
for causing the recovered      Agent for the Applicants.
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