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(54) DEVICE FOR HYDRODYNAMIC CLEANING OF SURFACES AND VARIANTS

(57) The invention relates to the technology of hy-
drodynamic cleaning of surfaces of various facilities, en-
abling the service performance of the cleaning device
to be improved. The inventive device comprises a body,
a collector, a stator, a rotor comprised of radial piping
and high pressure-flow generators. The body has the
shape of a profiled disk and is partially filled with a mo-
bile ballast. A platform with supports is mounted on the
stator. The profiled rotor vanes create an underpressure
below the body of the device. The limiting tilt angles be-
tween the flow generator nozzles and the surface to be
treated are set by mathematical computation. An appa-
ratus is used to modify the direction of movement of the
entire cleaning device. Another embodiment of the in-
vention is characterized in that the steering angle of the
axis of generator jets is greater than zero degrees on a
horizontal plane with respect to the axis of radial piping,
in the direction of rotation of the rotor. The rotor is rotated
by ejection jets, whereby said ejection jets are mounted
on the radial piping of the collector rotor, at a right angle
with respect to the axis thereof.
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Description

[0001] The present invention relates to hydrodynamic
surface cleaning technique applicable to cleaning vari-
ous constructions and is concerned with variants of de-
veloping apparatus for such hydrodynamic cleaning.
According to Variant I, the apparatus of the invention
comprises a housing, header, stator, rotor appearing as
a number of radial pipe-lines, and generators of high-
pressure jets. The housing appears as a shaped disk
partially filled with a shifting ballast. The stator carries a
platform provided with supports. The profiled rotor
vanes create a negative pressure beneath the housing
of the apparatus. The distances between the injector
and the extreme points of the pattern of the contact be-
tween the jet and the surface being treated are speci-
fied. Provision is also made for a device for changing
the direction of motion of the entire cleaning apparatus.
Variant II of the apparatus for hydrodynamic cleaning of
surfaces is distinguished for the fact that the angle of
turn of the axis of the generator nozzles in a horizontal
plane with respect to the axis of the radial pipe-lines in
the direction of the rotor rotation exceeds zero degrees.
Rotation is imparted to the rotor by ejector nozzles, each
of which is disposed on the radial pipe-line of the rotor
header at the right angles to the axis thereof. A technical
result of the practical implementation of the present in-
vention with any variant of embodiment of the proposed
apparatus for hydrodynamic surface cleaning consists
in higher working reliability of the apparatus, as well as
its higher effectiveness, throughput capacity, operating
safety, and an extended range of surfaces to be treated,
including work on land. Two sheets, 16 dependent
claims, 13 drawings.
[0002] The invention relates to technological appara-
tus aimed at hydrodynamic cleaning of surfaces and can
find application in designing and creating apparatus for
cleaning, e.g., ships and submersible structures, water-
works, and any other surfaces from getting fouled with
marine growth, corrosion, soiling, and other similar de-
posits accumulated on the surfaces to be treated both
under water and on land.
[0003] Known from the present state of the art is a
device for mechanical cleaning ships' hulls from getting
fouled with marine microorganisms, said device com-
prising a disk-shaped housing and a rotatable rotor dis-
posed underneath said disk-shaped housing and re-
ceiving rotation from a motor. The rotor appears as a
number of radial scrapers producing mechanical action,
when the rotor rotates, on foul deposits accumulated on
the surface being treated for the surface to get rid of said
deposits (cf. US Patent #4,372,242, IPC3B 63 B59/00
(NPC 114/222), 1983).
[0004] Also known from the relevant prior art is hydro-
mechanical device for cleaning underwater surfaces of
ships, comprising a housing, hydraulic pump, disk-
shaped brushes, and high-pressure nozzles for treating
the surface being treated, as well as water-jet propelling

nozzles for the device to move in water in various direc-
tions. The high-pressure nozzles have an adjustable
setting angle, and the disk-shaped brushes have an ad-
justable angle of slope (cf. RU Patent #2,098,315, IPC6

B 63 B 59/08, 1996).
[0005] Furthermore, one more hydrodynamic device
for surface cleaning is known to comprise a housing car-
rying wheel-shaped supports, a ring header provided
with high-pressure nozzles and communicating, via a
reducer, with the central portion of the housing, and a
hose connected to the source of high pressure which
feeds the working fluid to the header. The header rotates
by virtue of the reaction force of the jets discharging from
the high-pressure nozzles which simultaneously clean
the surface being treated (cf. US Patent #5,048,445,
IPC5B 63 B 59/00 (NPC 114/222, 1991).
[0006] However, all the above-mentioned analogs to
the herein-proposed apparatus fail to attain the required
technical result, this being due to an inadequate clean-
ing efficiency attainable by the mechanical mechanisms
used, which in turn resulting from high-strength of foul
deposits and a danger of damaging the surface being
treated by mechanical scrapers. In the hydromechanical
devices which make use a combination of the surface-
cleaning brushes and of high-pressure jets of the work-
ing fluid the required technical results cannot be ob-
tained due to a low efficiency of each of said compo-
nents of the cleaning process, i.e., incomplete utilization
of throughput capacity of the cleaning brushes and of
the high-pressure jets. In addition, the known hydrody-
namic device has a bulky complicated construction
which affects adversely the effectiveness of the func-
tional use of the device itself.
[0007] The closest technical solution selected as the
prototype of both variants of the proposed invention, is
a device for hydrodynamic surface cleaning, comprising
a disk-shaped housing, a header accommodated cen-
trally in the housing and consisting of a stationary fixed
stator arranged along the housing axis, and a rotor ro-
tating on the stator and disposed beneath the lower sur-
face of the housing whose axis of rotation aligns with
the axis of the housing appearing as a number of radial
pipe-lines communicating with the ducts of the working
fluid feed line, at the ends of which pipe-lines are dis-
posed generators of the high-pressure jets, said gener-
ators being arranged in the horizontal and vertical
planes and at an angle to the header axis; supports
adapted to interact with the surface being treated; a re-
ducer, and a piping to feed the working fluid from the
high-pressure source to the header (cf. RF Patent
#2,122,961, IPC6 B 63 B 59/00, 1998).
[0008] Attaining the required technical result in the
prototype for both variants of the proposed invention is
impeded by an inadequate working efficiency of the de-
vice stemming from construction features of the rotor
thereof; too a low throughput capacity and quality of sur-
face cleaning; no provision for ballasting of the device
which affects adversely its performance characteristics;
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and the fact that the known device cannot be used for
surface cleaning on land, e.g., in a dry dock.
[0009] It is a primary and essential object of the
present invention is to provide an apparatus for hydrau-
lic surface cleaning, featuring high operating efficiency
and throughput capacity, ensuring safe operation and
being equally operable both under water and on land for
cleaning the surfaces of various constructions, buildings
and structures.
[0010] The technical results attainable due to accom-
plishing said object of the present invention are as fol-
lows: higher operating reliability of the apparatus, as
well as its efficiency, throughput capacity, working safe-
ty, as well as an extended range of surfaces being treat-
ed, including those carried out on land.
[0011] Said object is accomplished and the required
technical result as per Variant I of the invention is at-
tained due to the fact that in an apparatus for hydrody-
namic surface cleaning comprising a disk-shaped hous-
ing, a header accommodated centrally in the housing
and consisting of a stationary fixed stator arranged
along the housing axis, and a rotor rotating on the stator
and disposed beneath the lower surface of the housing
whose axis of rotation aligns with the axis of the housing
appearing as a number of radial pipe-lines communicat-
ing with the ducts of the working fluid supply line, at the
ends of which pipe-lines are disposed generators of the
high-pressure jets, said generators being arranged in
the horizontal and vertical planes and at an angle to the
header axis; supports adapted to interact with the sur-
face being treated; a reducer, and a piping to feed the
working fluid from the high-pressure source to the head-
er, according to the invention, the housing appears as
a hollow shaped disk having at least one lower shaped
surface and partially filled with a shifting ballast, the
housing has a number of ports disposed circumferen-
tially in the central portion thereof, said ports being over-
lapped with ports similar as to disposing, shape and ar-
ea and provided in a ring mounted rotatably on the top
portion of the housing in the central portion thereof; the
apparatus is further provided with: a platform carrying
supports, said platform being mounted on the stator of
the header and disposed beneath the rotor thereof;
shaped vanes mounted on the rotor with a possibility of
establishing a flow of the working fluid moving from un-
der the lower shaped surface of the housing and direct-
ed from the center to the periphery thereof to create a
negative pressure underneath the lower surface of the
housing; and a device for changing the direction of mo-
tion of the apparatus, the injectors of the generator of
high-pressure jets being set at an angle α to the surface
being treated such that the borders of the contact pat-
tern of the high-pressure jet of working fluid with the sur-
face being treated, said contact pattern being shaped
as an oval whose minor axis is equal to a maximum
cross-sectional diameter of the flow body, are defined
by the extreme points on the major axis of the ellipse
removed from the exit section of the nozzle of the injec-

tor of the high-pressure jet generator a distance deter-
minable from the following mathematical relationships:

where L1max and L2min (mm) state for the maxi-
mum and minimum distance, respectively;

P0 is an inlet pressure of the injector;
d0 is a minimum diameter of the injector flow sec-

tion.
[0012] Said object is accomplished and the required
technical result as per Variant II of the invention is at-
tained due to the fact that in an apparatus for hydrody-
namic surface cleaning comprising a disk-shaped hous-
ing, a header accommodated centrally in the housing
and consisting of a stationary fixed stator arranged
along the housing axis, and a rotor rotating on the stator
and disposed beneath the lower surface of the housing
whose axis of rotation aligns with the axis of the housing
appearing as a number of radial pipe-lines communicat-
ing with the ducts of the working fluid supply line, at the
ends of which pipe-lines are disposed generators of the
high-pressure jets, said generators being arranged in
the horizontal and vertical planes at an angle to the
header axis; supports adapted to interact with the sur-
face being treated; a reducer, and a piping to feed the
working fluid from the high-pressure source to the head-
er, according to the invention, the housing appears as
a hollow shaped disk having at least one lower shaped
surface and partially filled with a shifting ballast, the
housing has a number of ports disposed circumferen-
tially in the central portion thereof, said ports being over-
lapped with ports similar as to disposing, shape and ar-
ea and provided in a ring mounted rotatably on the top
portion of the housing in the central portion thereof, and
the generators of high-pressure jets are mounted on the
radial pipe-lines such that an angle β of turn of the axis
of the nozzles of said generators in a horizontal plane
relative to the axis of the radial pipe-lines in the direction
of the rotor rotation exceeds 0°, and the apparatus is
further provided with ejector nozzles each of which is
disposed on the radial pipe-line of the header at the right
angles with a possibility for the header rotor to rotate by
virtue of the reaction force arising from the jet of the
working fluid discharging from the header, said nozzles
being fluidly connected, via a radial pipe-line, to the
working fluid feed line; the apparatus is further provided
with: a platform carrying supports, said platform being
mounted on the stator of the header and disposed be-
neath the rotor thereof; shaped vanes mounted on the
rotor with a possibility of establishing a flow of the work-
ing fluid moving from under the lower shaped surface of
the housing and directed from the center to the periph-
ery thereof to create a negative pressure underneath the

L1max = 0.8 P0·d0

L2min = 0.5 P0·d0
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lower surface of the housing; and a device for changing
the direction of motion of the apparatus, the injectors of
the generator of high-pressure jets being set at an angle
α to the surface being treated such that the borders of
the contact pattern of the high-pressure jet of working
fluid with the surface being treated, said contact pattern
being shaped as an oval whose minor axis is equal to a
maximum cross-sectional diameter of the flow body, are
defined by the extreme points on the major axis of the
ellipse removed from the exit section of the nozzle of the
injector of the high-pressure jet generator a distance de-
terminable from the following mathematical relation-
ships:

where L1max and L2min (mm) state for the maxi-
mum and minimum distance, respectively;

P0 is an inlet pressure of the injector;
d0 is a minimum diameter of the injector flow sec-

tion.
[0013] In addition, referring equally to both of the var-
iants of the present invention is the fact that the device
for changing the direction of motion of the apparatus
may be hydromechanical, e.g., as a number of pairs of
ejector nozzles spaced diametrically opposite over the
outside surface of the housing and directed oppositely
each other, said nozzles having their axes oriented to-
wards the vector of translational motion performed by
the apparatus. Besides, said nozzles are fluidly con-
nected, through pipe-lines, to the working fluid feed line
and mechanically associated, through a control mech-
anism, with a control handle, the axes of the ejector noz-
zles being parallel to each other. The control mechanism
of the device for changing the direction of motion of the
apparatus comprises a spring-actuated two-position di-
rectional control valve for each pair of ejector nozzles,
said directional control valve being enclosed in a barrel
which communicates the pairs of ejector nozzles with a
working fluid feed pipe-line, and being connected,
through a control cable, to a control lever disposed on
the control handle.
[0014] The device for changing the direction of motion
of the apparatus may be hydromechanical, e.g., as a
number of unidirectional ejector nozzles spaced diamet-
rically opposite over the outside surface of the housing,
the axes of said nozzles being oriented towards the vec-
tor of translational motion performed by the apparatus,
said nozzles are fluidly connected, through pipe-lines,
to the working fluid feed line and mechanically associ-
ated, through a control mechanism, with a control han-
dle, the axes of the ejector nozzle being parallel to each
other. The control mechanism of the device for changing
the direction of motion of the apparatus comprises a

L1max = 0.8 P0·d0

L2min = 0.5 P0·d0

spring-actuated two-position directional control valve for
each ejector nozzle, said directional control valve being
enclosed in a barrel which communicates the pairs of
ejector nozzles with a working fluid feed pipe-line, and
being connected, through a control cable, to a control
lever disposed on the control handle.
[0015] The device for changing the direction of motion
of the apparatus may be hydromechanical also in the
form of, e.g., hinged ejector nozzles spaced diametri-
cally opposite over the outside surface of the housing
and having their axes offset relative to the axis of swivel
thereof, said nozzles being mounted, through flanged
holders, on hollow stands fluidly connected, via pipe-
lines, to the working fluid feed line and mechanically as-
sociated, through a control mechanism, with the control
handle.
[0016] The device for changing the direction of motion
of the apparatus comprises a pivot-mounted spring-ac-
tuated swing cramp-iron having a tooth at one of its ends
so as to interact by said tooth or by the end thereof, with
a stop dog provided on the flange of the hinged nozzle
holder when reversing the hinged nozzle from one work-
ing position to the other, and a control cable intercon-
necting the spring-actuated cramp iron and the control
lever disposed on the control handle.
[0017] The apparatus according to both of the vari-
ants thereof may be provided with a distribution ring
which interconnects circumferentially the radial pipe-
lines of the header rotor, said ring being either a solid
structure intercommunicating the pipelines of the head-
er rotor and imparting rigidity thereto, or appearing as a
tubular ring header connected to the working fluid feed
line and intercommunicating the pipe-lines of header ro-
tor with a possibility of balancing the pressure of the
working fluid therein. In this case the shaped vanes may
be spaced equally apart along the perimeter of the dis-
tribution ring on the outer side thereof.
[0018] Used as the shifting ballast in the apparatus
may be water.
[0019] The platform-mounted supports of the appara-
tus may appear either as conventional wheels, or castor
wheels, or spherical or ball supports, or magnetic
wheels, or magnetic castor wheels.
[0020] The reducer of the apparatus may appear as
a swivel pipe connector disposed on the header stator
centrally of the housing so as to communicate the head-
er, via a pipe-line, with a high-pressure source of the
working fluid.
[0021] In what follows the invention is illustrated by
the accompanying drawings, wherein:

FIG.1 is a plan view of the apparatus according to
Variant I of the embodiment thereof;
FIG.2 is a plan view of the apparatus according to
Variant II of the embodiment thereof;
FIG.3 is a fragmentarily sectionalized front view of
the apparatus;
FIG.4 and FIG.5 is a schematic view of the device
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for changing the direction of motion of the apparatus
and of the mechanism for its control when is made
of pairs of ejector nozzles;
FIG.6 is a plan view of the apparatus showing the
device for changing the direction of motion of the
apparatus made of unidirectional ejector nozzles;
FIG.7 is a schematic view of a .control mechanism
of the unidirectional ejector nozzles;
FIG.8 is a plan view of the apparatus showing the
device for changing the direction of motion of the
apparatus made of hinged ejector nozzles;
FIG.9 is a fragmentarily sectionalized front view of
FIG.8;
FIG.10 and FIG.11 is a schematic view of the control
mechanism of the hinged nozzles of FIG.9; and
FIG.12 and FIG.13 give graphic representation of
setting angles α and β of the high-pressure jet gen-
erators forming a contact pattern on the surface be-
ing treated in a vertical and a horizontal plane ac-
cording to Variant I (α) and Variant II (α and β) of
the invention.

[0022] The apparatus for hydrodynamic surface
cleaning according to Variant I has a disk-shaped hous-
ing 1, a header 2 enclosed centrally in a housing 1 and
comprising a stationary-fixed hollow stator 3 arranged
along the axis of the housing 1, and a rotor 4 rotatable
on the stator 3 and disposed beneath the lower surface
of the housing 1.
[0023] The axis of rotation of the rotor 4 aligns with
the axis of the housing 1. The rotor 4 appears as a
number of radial pipe-lines 5 communicating with the
ducts of the working fluid feed line (not shown). Gener-
ators 6 of high-pressure jets are provided at the ends of
the pipe-lines 5, said generators being disposed at an
angle to the axis thereof (i.e., the header axis) in the
horizontal and vertical planes. The apparatus has sup-
ports 7 adapted to interact with a surface 8 being treat-
ed; a reducer 9, and a pipe-line 10 to feed the working
fluid from the high-pressure source (not shown) to the
header 2.
[0024] The housing 1 appears as a hollow shaped
disk having at least one lower shaped surface 11 and
partly filled with a shifting ballast 12. A number of ports
12 are disposed circumferentially in the central portion
of the housing 1, said ports being overlapped with ports
14 similar as to disposition, shape and area and made
in a ring 15 mounted rotatably on the top portion of the
housing 1 in the central portion thereof. The apparatus
is further provided with a platform 16 carrying supports
7. The platform 16 is disposed on the stator 3 of the
header and is arranged beneath the rotor 4 thereof. The
apparatus also has shaped vanes 17 mounted on the
rotor so as to establish a flow of the working fluid moving
from under the lower shaped surface 11 of the housing
1 and directed from the center to the periphery thereof
to create a negative pressure underneath the lower sur-
face 11 of the housing 1. Both of the variants of the

present invention further comprise a device for changing
the direction of motion of the apparatus. The injectors
of the generators 6 of high-pressure jets are set at an
angle α to the surface being treated such that the bor-
ders of the contact pattern of the high-pressure jet of
working fluid on the surface being treated, said contact
pattern being shaped as an oval whose minor axis is
equal to a maximum cross-sectional diameter of the flow
body, are defined by the extreme points on the major
axis of the ellipse which are removed from the exit sec-
tion of the nozzle of the injector of the high-pressure jet
generator a distance determinable from the following
mathematical relationships:

where L1max and L2min (mm) state for the maxi-
mum and minimum distance, respectively;

P0 is an inlet pressure of the injector;
d0 is a minimum diameter of the injector flow sec-

tion.
[0025] The apparatus for hydrodynamic surface
cleaning according to Variant II comprises all the fea-
tures of Variant I of the invention mentioned hereinbe-
fore.
[0026] However, Variant II of the present invention dif-
fers from Variant II thereof in that the generators 6 of
high-pressure jets are disposed on the radial pipe-lines
5 such that the angle β of turn of the axis of the generator
nozzles in a horizontal plane with respect to the axis of
the radial pipe-lines 5 in the direction of rotation of the
rotor 4 exceeds zero degrees. The apparatus is further
provided with ejector nozzles 18 each of which is dis-
posed on the radial pipe-line 5 of the rotor 4 of the head-
er 2 at the right angles to the axis thereof with a possi-
bility for the rotor 4 of the header 2 to rotate by virtue of
the reaction force arising from the jet of the working fluid
header discharging from the header 2, said nozzles be-
ing fluidly connected, via the radial pipe-line 5, to the
working fluid feed line (not shown).
[0027] The device for changing the direction of motion
of the apparatus may be hydromechanical in both of the
variants of the present invention, e.g., as a number of
pairs of ejector nozzles 19 spaced diametrically oppo-
site over the outside surface of the housing 1 and direct-
ed oppositely each other, said nozzles having their axes
oriented towards the vector of translational motion per-
formed by the apparatus. The nozzles 19 are fluidly con-
nected, through pipe-lines 20, to the working fluid feed
line (not shown) and mechanically associated, through
a control mechanism, with a control handle 21, the axes
of the ejector nozzles being parallel to each other. The
control mechanism of this particular device for changing
the direction of motion of the apparatus comprises a

L1max = 0.8 P0·d0

L2min = 0.5 P0·d0
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spring-actuated two-position directional control valve 22
for each pair of ejector nozzles 19, said directional con-
trol valve 22 being enclosed in a barrel 23 which com-
municates the pairs of the ejector nozzles 19 with the
working fluid feed pipe-line 20. The directional control
valve 22 is mechanically associated, through a control
cable 24, to a control lever 25 disposed on the control
handle 21.
[0028] The device for changing the direction of motion
of the apparatus according to both of the variants thereof
may be hydromechanical, e.g., as unidirectional ejector
nozzles 26 spaced diametrically opposite apart over the
outside surface of the housing 1, the axes of said noz-
zles being oriented towards the vector of translational
motion performed by the apparatus. The nozzles are flu-
idly connected, through the pipe-lines 20, to the working
fluid feed line (not shown) and mechanically associated,
through a control mechanism, with the control handle
21. The axes of the ejector nozzle are parallel to each
other. The control mechanism of this particular device
for changing the direction of motion of the apparatus
comprises a spring-actuated directional control valve for
each ejector nozzle, said directional control valve 27 for
each ejector nozzle 26, said control valve being en-
closed in a barrel 28 which communicates each ejector
nozzle 26 with the working fluid feed pipe-line 20, and
being connected, through the control cable 24, to the
control lever disposed on the control handle 21.
[0029] Furthermore, the device for changing the di-
rection of motion of the apparatus according to both of
the variants thereof may be hydromechanical also as,
e.g., hinged ejector nozzles 29 spaced diametrically
apart over the outside surface of the housing 1 and hav-
ing their axes offset relative to the swivel axis thereof.
The nozzles 29 are mounted through holders 30 having
flanges 31, on hollow stands 32 fluidly connected, via
pipe-lines 33, to the working fluid feed line (not shown)
and mechanically associated, through a control mech-
anism, with the control handle 21. The device for chang-
ing the direction of motion of the apparatus has a mech-
anism for its control which comprises a spring-actuated
swing cramp-iron 35 mounted on a pivot 34 and having
a tooth 36 at one of its ends. The cramp-iron 35 is adapt-
ed to interact through its tooth 36 or through an opposite
end 37 thereof with a stop dog 38 provided on the flange
31 of the holder of the hinged nozzle 29 when reversing
the hinged nozzle 29 from one working position to the
other. The control cable 24 interconnects the spring-ac-
tuated cramp- iron 35 and the control lever 25 disposed
on the control handle 21.
[0030] The apparatus may be further provided with a
distribution ring 37 which interconnects circumferential-
ly the radial pipe-lines 5 of the rotor 4 of the header 2.
The distribution ring 37 may be either a solid structure
intercommunicating the pipelines 5 of the rotor 4 of the
header 2 and imparting rigidity thereto, or appear as a
tubular ring header connected to the working fluid feed
line (not shown) so as to intercommunicate the pipe-

lines 5 of the rotor 4 of the header 2 with a possibility of
balancing the pressure of the working fluid therein.
[0031] The shaped vanes 17 may be spaced equally
apart along the perimeter of the distribution ring 37 on
the outer side thereof. Water may be used as the shifting
ballast 12 in the present apparatus.
[0032] The supports 7 mounted on the platform 16
may appear either as conventional wheels, or castor
wheels, or spherical or ball supports, or magnetic
wheels, or magnetic castor wheels.
[0033] The reducer 9 of the apparatus may appear as,
e.g., a swivel pipe connector disposed on the stator 3 of
the header 2 centrally of the housing 1 so as to commu-
nicate the header 2, via the pipe-line 10, with the high-
pressure source (not shown) of working fluid.
[0034] The apparatus of the present invention oper-
ates as follows.
[0035] The apparatus is put on the surface to be
cleaned to assume a preset vertical position being ori-
ented in the direction of its motion, this being due to the
provision of the shifting ballast 12 (e.g., water) held in
the interior of the housing 1.
[0036] When the supports 7 are magnetic ones and
the surface being treated can be magnetized regardless
of where the cleaning operations are carried out, i.e.,
under water or on land, the apparatus is magnetically
held to the surface being treated. If the supports 7 are
non-magnetic, or the surface being treated cannot be
magnetized, at the initial period of time the apparatus is
held on the surface by the operator.
[0037] Then the working fluid is pressure-fed through
the pipe-line 10 and the reducer 9 to the interior of the
stator 3 of the header 2. It is due to the provision of the
reducer 9 as a swivel pipe connector that it can assume
a preset vertical position and remains so oriented during
any manipulations with the apparatus. Further on the
working fluid enters the rotor 4 along the radial pipe-lines
5 and therefrom passes to the working nozzles of the
generators 6 of high-pressure jets.
[0038] While discharging from the generators 6 of
high-pressure jets positioned at an angle to the surface
8 being treated, according to Variant I of the invention,
the working fluid develops a reaction force which causes
the header rotor 4 to rotate. According to Variant II of
the invention, the working fluid is fed not only to the gen-
erators 6 of high-pressure jets the axes of the nozzles
of said generators being turned in the direction of rota-
tion of the rotor, i.e., in the direction opposite to the di-
rection of rotation of the rotor 4 but also to the ejector
nozzles 18positioned at the right angles to the axis of
the pipe-line 5. While discharging from the nozzles 18
the working fluid creates a reaction force which causes
the rotor 4 to rotate. A total force that causes the rotor
4 to rotate, according to Variant II of the invention, is
defined by a difference between the forces established
by the nozzles 18 and by the nozzles of the generators
6 of high-pressure jets.
[0039] The shaped vanes 17 disposed on the rotata-
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ble rotor 4 establish a flow of the working fluid moving
from under the lower shaped surface 11 of the housing
1 and directed from the center to the periphery thereof
to create a negative pressure (rarefaction) underneath
the lower surface 11 of the housing 1 due to both a dis-
charge of the working fluid and the fact that lower sur-
face 11 of the housing 1 is shaped under a definite law,
which provides for creating an extra force which presses
the apparatus against the surface 8 being treated. In
case of no magnetic interaction between the supports 7
and the surface 8 said extra forces press the apparatus
against the surface 8 being treated so that once the rotor
4 has started rotating, the operator may no longer keep
the apparatus forcedly on the surface 8 being treated.
[0040] By rotating the ring 15 one can adjust the
amount of overlap of the ports 13 by the ports 14 if the
ring 15 by regulating the rate of flow of the working fluid
through said ports, thereby adjusting the pressing force
applied to the housing 1 of the apparatus.
[0041] While being discharged under pressure from
the nozzles of the generators 6 of high-pressure jets,
the working fluid shaped into a jet (a cavitating one in-
clusive) acts upon the foul deposits of the surface 8 be-
ing cleaned, thus removing them from said surface and
cleaning it due to a many times repeated treatment by
the high-pressure jets of the working fluid (due to rota-
tion of the rotor 4) for further use or subsequent treat-
ment.
[0042] According to Variant II of the invention, when
the high-pressure jet of the working fluid is directed
along with the rotor rotation, the cleaning efficiency is
enhanced, insofar as first, the force of action exerted by
the high-pressure jet upon the fouls deposits of the sur-
face being cleaned is defined by a sum of the flow ve-
locity of the working fluid high-pressure jet itself and of
the rotation speed of the rotor 4 rather than by a differ-
ence therebetween which is the case with the Variant I
of the invention, and secondly, the high-pressure jet is
directed to the base of the deposits so as "to eradicate"
them as it were.
[0043] For translational motion of the apparatus over
the surface 8 being treated and for various manipula-
tions therewith provision is made in both variants of the
invention for a device for changing the direction of mo-
tion of the apparatus, said device per se may have, e.
g., three construction arrangements, with the control
mnemonics remaining unaffected in all the variants pro-
posed herein.
[0044] Translational motion of the apparatus is effect-
ed due to a reaction force resulting from discharge of
the working fluid from the ejector nozzles 19 in one di-
rection, from the unidirectional nozzles 26, and from the
hinged ejector nozzles 29. Whenever it becomes nec-
essary to turn the apparatus to one side or another on
the surface being treated, or to turn it around on the spot,
the operator depresses the lever 25 on the control han-
dle 21, thus acting upon through the control cable 24,
or on the spring-actuated two-position directional con-

trol valve 22, or on the spring-actuated directional con-
trol valve 27, or on the spring-actuated swing cramp-iron
35.
[0045] In the first case the two-position directional
control valve 22 moves in the barrel 23 to shut off one
of the nozzles 19 in the pair and to turn on the other
nozzle thereof. When the direction of the discharge of
the working fluid from the nozzle 19 of the second pair
of nozzles, a moment of forces is developed on the ap-
paratus to turn it to a required direction.
[0046] In the second case directional control valve 27
also effects control over the feed of the working fluid to
either of the nozzles 26 in the pair, and the processes
proceeding as a result are similar to those described
above. Partial shutting off of either of the nozzles 76
causes the apparatus to turn along a preset pathway
and setting the apparatus on a parallel track to be
cleaned in a reverse direction.
[0047] In the third case the control cable 24 causes
the tooth 36 of the spring-actuated swing cramp-iron 35
to disengage the stop dog 38. The hinged nozzle 29 is
urged by the reaction force resulting from the working
medium discharging from said nozzle to turn through
180 degrees from one working position to the other until
the opposite end 37 of the cramp-iron 35 is engaged
with said stop-dog 38.
[0048] As a result, a moment of forces is developed
on the apparatus, resulting from differently directed po-
sition of the nozzles 29, said moment causing said noz-
zle to turn, thus changing the direction of its further mo-
tion. Once the maneuver has been over, the operator
presses again the lever 25 on the control handle 21 to
turn the cramp-iron 35, whereby its end 37 disengages
the stop-dog 38, and the nozzle 29 returns to the initial
position as in the previous operation, and the apparatus
keeps performing rectilinear motion in another direction.
[0049] The herein-proposed apparatus is made from
standard construction materials using routine produc-
tion processes and can therefore be manufactured un-
der standard production conditions.

Claims

1. An apparatus for hydrodynamic surface cleaning
comprising a disk-shaped housing, a header ac-
commodated centrally in the housing and consist-
ing of a stationary fixed stator arranged along the
housing axis, and a rotor rotating on the stator and
disposed beneath the lower surface of the housing
whose axis of rotation aligns with the axis of the
housing appearing as a number of radial pipe-lines
communicating with the ducts of the working fluid
supply line, at the ends of which pipe-lines are dis-
posed generators of the high-pressure jets, said
generators being arranged in the horizontal and
vertical planes and at an angle to the header axis;
supports adapted to interact with the surface being
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treated; a reducer, and a piping to feed the working
fluid from the high-pressure source to the header,
CHARACTERIZED in that the housing appears as
a hollow shaped disk having at least one lower
shaped surface and partially filled with a shifting bal-
last, the housing has a number of ports disposed
circumferentially in the central portion thereof, said
ports being overlapped with ports similar as to dis-
posing, shape and area and provided in a ring
mounted rotatably on the top portion of the housing
in the central portion thereof; the apparatus is fur-
ther provided with: a platform carrying supports,
said platform being mounted on the stator of the
header and disposed beneath the rotor thereof;
shaped vanes mounted on the rotor with a possibil-
ity of establishing a flow of the working fluid moving
from under the lower shaped surface of the housing
and directed from the center to the periphery thereof
to create a negative pressure underneath the lower
surface of the housing; and a device for changing
the direction of motion of the apparatus, the injec-
tors of the generator of high-pressure jets being set
at an angle α to the surface being treated such that
the borders of the contact pattern of the high-pres-
sure jet of working fluid with the surface being treat-
ed, said contact pattern being shaped as an oval
whose minor axis is equal to a maximum cross-sec-
tional diameter of the flow body, are defined by the
extreme points on the major axis of the ellipse re-
moved from the exit section of the nozzle of the in-
jector of the high-pressure jet generator a distance
determinable from the following mathematical rela-
tionships:

where L1max and L2min (mm) state for the max-
imum and minimum distance, respectively;

P0 is an inlet pressure of the injector;
d0 is a minimum diameter of the injector flow

section.

2. An apparatus for hydrodynamic surface cleaning
comprising a disk-shaped housing, a header ac-
commodated centrally in the housing and consist-
ing of a stationary fixed stator arranged along the
housing axis, and a rotor rotating on the stator and
disposed beneath the lower surface of the housing
whose axis of rotation aligns with the axis of the
housing appearing as a number of radial pipe-lines
communicating with the ducts of the working fluid
supply line, at the ends of which pipe-lines are dis-
posed generators of the high-pressure jets, said
generators being arranged in the horizontal and

L1max = 0.8 P0·d0

L2min = 0.5 P0·d0

vertical planes at an angle to the header axis; sup-
ports adapted to interact with the surface being
treated; a reducer, and a piping to feed the working
fluid from the high-pressure source to the header,
CHARACTERIZED in that the housing appears as
a hollow shaped disk having at least one lower
shaped surface and partially filled with a shifting bal-
last, the housing has a number of ports disposed
circumferentially in the central portion thereof, said
ports being overlapped with ports similar as to dis-
posing, shape and area and provided in a ring
mounted rotatably on the top portion of the housing
in the central portion thereof, and the generators of
high-pressure jets are mounted on the radial pipe-
lines such that an angle β of turn of the axis of the
nozzles of said generators in a horizontal plane rel-
ative to the axis of the radial pipe-lines in the direc-
tion of the rotor rotation exceeds 0° , and the appa-
ratus is further provided with ejector nozzles each
of which is disposed on the radial pipe-line of the
header at the right angles with a possibility for the
header rotor to rotate by virtue of the reaction force
arising from the jet of the working fluid discharging
from the header, said nozzles being fluidly connect-
ed, via a radial pipe-line, to the working fluid feed
line; the apparatus is further provided with: a plat-
form carrying supports, said platform being mount-
ed on the stator of the header and disposed beneath
the rotor thereof; shaped vanes mounted on the ro-
tor with a possibility of establishing a flow of the
working fluid moving from under the lower shaped
surface of the housing and directed from the center
to the periphery thereof to create a negative pres-
sure underneath the lower surface of the housing;
and a device for changing the direction of motion of
the apparatus, the injectors of the generator of high-
pressure jets being set at an angle α to the surface
being treated such that the borders of the contact
pattern of the high-pressure jet of working fluid with
the surface being treated, said contact pattern be-
ing shaped as an oval whose minor axis is equal to
a maximum cross-sectional diameter of the flow
body, are defined by the extreme points on the ma-
jor axis of the ellipse removed from the exit section
of the nozzle of the injector of the high-pressure jet
generator a distance determinable from the follow-
ing mathematical relationships:

where L1max and L2min (mm) state for the max-
imum and minimum distance, respectively;

P0 is an inlet pressure of the injector;
d0 is a minimum diameter of the injector flow

L1max = 0.8 P0·d0

L2min = 0.5 P0·d0
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section.

3. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that a device for changing
the direction of motion of the apparatus is hydrome-
chanical, e.g., as a number of pairs of ejector noz-
zles spaced diametrically opposite over the outside
surface of the housing and directed oppositely each
other, said nozzles having their axes oriented to-
wards the vector of translational motion performed
by the apparatus. Besides, said nozzles are fluidly
connected, through pipe-lines, to the working fluid
feed line and mechanically associated, through a
control mechanism, with a control handle, the axes
of the ejector nozzles being parallel to each other.

4. An apparatus as claimed in claim 3, CHARACTER-
IZED in that a control mechanism of the device for
changing the direction of motion of the apparatus
comprises a spring-actuated two-position direction-
al control valve for each pair of ejector nozzles, said
directional control valve being enclosed in a barrel
which communicates the pairs of ejector nozzles
with a working fluid feed pipe-line, and being con-
nected, through a control cable, to a control lever
disposed on the control handle.

5. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that the device for changing
the direction of motion of the apparatus is hydrome-
chanical, e.g., as a number of unidirectional ejector
nozzles spaced diametrically opposite over the out-
side surface of the housing, the axes of said nozzles
being oriented towards the vector of translational
motion performed by the apparatus, said nozzles
are fluidly connected, through pipe-lines, to the
working fluid feed line and mechanically associat-
ed, through a control mechanism, with a control
handle, the axes of the ejector nozzle being parallel
to each other.

6. An apparatus as claimed in claim 5,CHARACTER-
IZED in that the control mechanism of the device
for changing the direction of motion of the apparatus
comprises a spring-actuated directional control
valve for each pair of ejector nozzles, said direction-
al control valve being enclosed in a barrel which
communicates the pairs of ejector nozzles with a
working fluid feed pipe-line, and being connected,
through a control cable, to a control lever disposed
on the control handle.

7. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that the device for changing
the direction of motion of the apparatus is hydrome-
chanical also in the form of, e.g., hinged ejector noz-
zles spaced diametrically opposite over the outside
surface of the housing and having their axes offset

relative to the axis of swivel thereof, said nozzles
being mounted, through flanged holders, on hollow
stands fluidly connected, via pipe-lines, to the work-
ing fluid feed line and mechanically associated,
through a control mechanism, with the control han-
dle.

8. An apparatus as claimed in claim 7, CHARACTER-
IZED in that the device for changing the direction
of motion of the apparatus comprises a pivot-
mounted spring-actuated swing cramp-iron having
a tooth at one of its ends so as to interact by said
tooth or by the end thereof, with a stop dog provided
on the flange of the hinged nozzle holder when re-
versing the hinged nozzle from one working position
to the other, and a control cable interconnecting the
spring-actuated cramp iron and the control lever
disposed on the control handle.

9. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that it is provided with a dis-
tribution ring which interconnects circumferentially
the radial pipe-lines of the header rotor, said ring
being either a solid structure intercommunicating
the pipelines of the header rotor and imparting ri-
gidity thereto, or appearing as a tubular ring header
connected to the working fluid feed line and inter-
communicating the pipe-lines of header rotor with a
possibility of balancing the pressure of the working
fluid therein.

10. An apparatus as claimed in claim 9, CHARACTER-
IZED in that the shaped vanes are spaced equally
apart along the perimeter of the distribution ring on
the outer side thereof.

11. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that used as the shifting bal-
last therein is, e.g., water.

12. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that the supports disposed
on the platform appear as wheels.

13. An apparatus as claimed in claim 1 or claim or claim
12, CHARACTERIZED in that the supports dis-
posed on the platform appear as castor wheels.

14. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that the supports disposed
on the platform appear as spherical or ball supports.

15. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that the supports disposed
on the platform are magnetic supports.

16. An apparatus as claimed in claim 1 or claim 2 or
claim 12, CHARACTERIZED in that the supports
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disposed on the platform appear as magnetic
wheels.

17. An apparatus as claimed in claim 1 or claim 2 or
claim 12 or claim 13, CHARACTERIZED in that the
supports disposed on the platform appear as mag-
netic castor wheels.

18. An apparatus as claimed in claim 1 or claim 2,
CHARACTERIZED in that the reducer appears as
a swivel pipe connector disposed on the header sta-
tor centrally of the housing so as to communicate
the header, via a pipe-line, with a source of high-
pressure working fluid.
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