
METHOD AND APPARATUS FOR CONVEYING MATERIAL AND
EJECTOR APPARATUS Background of the invention The
present invention relates to a method as defined in
the preamble of claim 1 for conveying material by
applying a pressure difference in a conveying conduit,
in which method the material is fed into the conveying
conduit and in the conveying conduit further into a
separating device, where the material being conveyed
is separated from the conveying air, in which method a
negative pressure is created in the conveying conduit
by means of an ejector apparatus, whose suc tion side
is connected to the separating device, said ejector
apparatus being operated using an operating medium,
which consists of a liquid mist, especially an aqueous
liquid mist, said medium being sprayed through at
least one spraying nozzle into an ejector tube
directed into a separating element. The invention also
relates to an apparatus as defined in the preamble of
claim 10 for conveying material, preferably bulk
material in food industry, in particular slaughtering
offal and food waste, or working residual in
engineering industry, by the application of a pressure
dif ference in a conveying conduit, said apparatus
comprising a material conveying conduit, a separating
device and means for creating a negative pressure in
the conveying conduit by using an ejector appa ratus
whose suction side is connected to the separating
device, said ejector apparatus being operated using an
operating medium and comprising at least one nozzle
for spraying a liquid mist and for using the liquid
mist as the operating medium of the ejector and means
for supplying a liquid to the nozzle, and which
apparatus comprises at least one ejector nozzle
arranged in or near an ejector tube, said ejector tube
being directed towards the separating element and ex
tending into the separating element. The invention
also relates to an ejector device according to claim
21. There are prior-art material-conveying systems
operated by utilizing 



a pressure difference, designed especially for
conveying food products, such as meat products. A
system of this type is disclosed in specification WO
88/01597 A. Numerous corresponding solutions ex ist.
There are also apparatus used in conjunction with e.g.
ships' gal leys, where material is conveyed in a
corresponding manner, typically from several places to
one or more containers or for further process ing.
Such apparatus are also used for conveying foodstuffs
and waste in various establishments. Typically, they
produce a negative pres sure by using a vacuum system
in which a negative pressure is cre ated in a
conveying conduit by means of vacuum generators, such
as an ejector apparatus. I n an ejector apparatus, a
suction is typically created in a conveying conduit by
an ejector in which a pneumatic apparatus is used to
spray pressurized air into a nozzle, which again
creates a negative pressure in the conveying conduit.
The conveying conduit is typically provided with at
least one valve element, and the amount of replacement
air entering the conduit is regulated by open ing and
closing the valve element. In prior-art solutions,
pneumatic air is supplied to the ejector apparatus at
a constant pressure. This therefore always involves
the same energy consumption regardless of the actual
need for pneumatic air. In possible blockage
situations in the conveying conduit system, prior-art
solutions have a limited a p plicability for clearing
blockages or they require separate apparatus for this
purpose. Further, current solutions have limitations
regarding adaptation to conveying materials involving
different requirements. Moreover, in prior-art
solutions the material to be conveyed may cause
problems of smell and/or particles in the blast air of
the vac uum apparatus, such as an ejector apparatus.
The use of conven tional vacuum pumps in conjunction
with or in the environment of explosible materials is
very restricted or even dangerous. Also, in some
prior-art solutions a liquid mist is used in
conjunction with such material conveying systems. This
type of background of the method and apparatus of the
invention is also described e.g. in specification WO
2005/085105 and in specification WO 2005/085104. It is
an ob 



jective of the invention to further develop the
systems disclosed in these specifications. The object
of the present invention is to achieve a completely
new type of solution to avoid the drawbacks of
prior-art solutions. The ob ject of the invention is
to create a solution that will make it possibleto
produce a more efficient suction by an ejector
apparatus in general and in particular during
blockages of the conduit system used to con vey
material. A second specific object of the invention is
to create a solution in which, on the other hand, a
good yield can be produced by the ejector apparatus
and the generation of negative pressure can be
enhanced according to need. A further object of the
invention is to create an ejector apparatus that can
be utilized as a vacuum genera tion unit in many types
of applications using negative pressure. Yet another
object is to create a vacuum generation unit that will
be applicable for use in conjunction with explosible
or inflammable materi als or environments. An
additional object of the invention is to create a
system that will make it possible to avoid the
possible disadvan tages of smell and/or particles in
prior-art solutions. Yet another ob ject is to create
an ejector solution that will reduce the energy
requirement. Brief description of the invention The
method of the invention is mainly characterized in
that the generation of the negative pressure to be
produced is intensified accord ing to need by limiting
the flow of gases, such as air, into the ejector tube
from the direction opposite to the spraying direction
of its oper ating medium, i.e. from the outlet end of
the ejector tube. The method of the invention is
additionally characterized by what is stated in claims
2 - 9. The apparatus of the invention is characterized
in that the ejector ap paratus comprises means for
enhancing the negative pressure produced according to
need by limiting the flow of gases, such as air, into
the ejector tube from the farther end in the spraying
direction of the operating medium, i.e. from the
outlet end of the ejector tube. The apparatus of the
invention is additionally characterized by what is 



stated in claims 11 - 20. The ejector device of the
invention comprises means for enhancing the negative
pressure produced according to need by limiting the
flowof gases, such as air, into the ejector tube from
the farther end in the spraying direction of the
operating medium, i.e. from the outlet end of the
ejector tube. The ejector device of the invention is
additionally characterized by what is stated in claims
22 - 30. The solution of the invention has numerous
significant advantages. By limiting the admission of
gases into the ejector tube or to its vicinity from
the "wrong end", it is possible to improve the
efficiency of the ejector apparatus according to need
and to increase the negative pressure, e.g. in a
blockage situation occurring in the material con
veying conduits. By bringing the outlet end of the
ejector tube below the level of the liquid surface, a
very effective solution for improving the negative
pressure produced by the ejector is achieved while the
entry of leakage flow into the ejector tube in a
direction opposite to the spraying direction of the
ejector nozzle is prevented. By using a liquid mist as
operating medium, a very strong suction effect and a
very good yield are achieved. I n addition, a
considerable energy saving effect, even 50 % as
compared to a pneumatically operated ejec tor
apparatus is achieved. I n addition, liquid mist is a
very efficient medium for removing particles and
reducing the disadvantages of smell with the ejector
device. By arranging around the ejector tubes a shell
part provided with an opening, preferably an opening
provided with a closing element, for the outlet of
conveying air. By arranging for the closing element of
the openings to close e.g. in a blockage situation
occurring in the conveying conduit, the suction effect
of the ejector can be improved. At the same time,
clearance of the blockage is promoted. By arranging a
circulation of the operating medium to be sprayed, a
very strong effect reducing the water consumption is
achieved. I n addition, if desirable and necessary, it
is possible to add chemicals to the operating medium.
By arranging a coaxial nozzle in 



the suction pipe, the efficiency of the ejector can be
further im proved. By producing a rotating motion in
the liquid separated in the separating element,
possible impurities can be more effectively sepa rated
from the liquid and prevented from getting into the
liquid suc tion pipes. By additionally providing the
apparatus with an option for feeding a second medium
into the ejector device, it is possible, on theone
hand, to further advantageously reduce possible smell
problems at the ejector device while at the same time
improving the efficiency of suction. By supplying a
second medium together with the operat ing medium and,
if necessary, using the pressure of the operating
medium for conveying and/or feeding the second medium
into the ejector space, a very advantageous and
effective solution is achieved. By arranging the
nozzle for the second medium in the same assembly with
the nozzle for the operating medium, a sensible
solution in re spect of manufacturing technology is
achieved. At the same time, a good solution for
improving the suction of the ejector device is
achieved. When a substance of a higher density, such
as a liquid, preferably water, is used, the suction
effect can be improved. On the other hand, by
supplying a second medium, the suction effect can be
further improved even if the operating medium is a
liquid or a mixture of liquid and gas. When a liquid
is used as the operating medium and/or at least as the
second medium, the gas flow can be washed by spraying
this liquid, thereby eliminating possible
disadvantages re garding particles and smell. Using a
separate pump to supply the second medium allows easy
control of its supply. I n addition, the ratio between
operating medium and second medium can be adjusted at
the same time. By adjusting the pressure of the
operating medium going to the ejector as necessary,
significant energy savings are achieved. I n addition,
by adjusting the pressure, it is possible to in
fluence the suction produced by the ejector, which is
a handy way of adjusting the negative pressure and/or
pressure difference in the ma terial conveying conduit
as well. By implementing the pressure ad justment
using parallel flow paths provided with a throttle
element 



and a valve which is opened and closed on the basis of
impulses re ceived from the control system, a very
usable and easily modifiable adjustment system is
achieved. I f desirable, the conveying of mate rial
can be started with a higher pressure produced in the
ejector and the pressure can be reduced as the
conveying process advances. Dif ferent supply stations
of the system can handle different materials, for
which it is possible to set different pressure
requirements and thus the settings affecting the
conveying of the materials. On the other hand, in
conjunction with different supply stations it is
possible to arrange a switch that the operator can use
to define, e.g. accord ing to the material being
supplied, the pressure values to be used inconveying
the material. By arranging for the throttle elements
to be adjustable, the versatility of the system can be
further improved, so it can be adapted for the
conveying of materials of different kinds. The system
provides a possibility of e.g. varying the pressure
difference / (negative) pressure in the material
conveying conduit, and this property can be further
extended by arranging according to the in vention an
openable and closeable connection for pneumatic air to
the material conveying conduit. By using, according to
an embodi ment of the invention, means for observing
the flow in the suction pipe between the separating
device and the ejector device, the o p eration of the
apparatus can be regulated on the basis of variations
in this flow. By further arranging for the material
removal means of the separating device to function on
the basis of commands given by the regulating system,
and additionally preferably to use pneumatic air as
their operating medium, the functionality of the
system can be fur ther improved. The solution of the
invention is excellently applicable for use for
conveying other types of material as well, such as
waste produced in engineering industry, e.g. for
conveying chips. The ej ec tor device of the invention
can be used in conjunction with many types of
conveying systems. Moreover, the ejector device can be
used as a vacuum generator in conjunction with
applications requiring a negative pressure, such as
e.g. wood drying apparatus, suction 



graspers, smoke removal systems, dust removal systems.
The ejector device is very well applicable for use in
conjunction with explosible substances. Brief
description of the figures I n the following, the
invention will be described in detail with reference
to an example and the attached drawings, wherein Fig.
1 presents a diagram of an embodiment of the apparatus
of the invention, Fig. 2 presents a diagram of an
embodiment of the apparatus of the invention in
another situation,Fig. 3 presents a diagram of an
embodiment of the apparatus of the invention in a
normal situation, Fig. 4 presents the apparatus
according to the embodiment presented in Fig. 3 in
another situation, Fig. 5 presents yet another
embodiment of the apparatus of the in vention, Fig. 6
presents an ejector apparatus according to the
invention, and Fig. 7 presents a second embodiment of
the ejector apparatus of the invention. Detailed
description of the invention The conveying conduit
system typically comprises a main conveying conduit 4,
to which a plurality of supply stations may be
connected via feed pipes. The figure shows only part
of the main conveying conduit 4 . The material
supplied is conveyed along the conveying conduit
system into a separating device 5 placed at the
termination of the conveying conduit system. I n the
separating device, the material conveyed is separated
e.g. by centrifugal force from the conveying air. The
separated material is removed, e.g. according to need,
from the separating device 5 into a material container
8 or into a further processing stage. I n the
embodiment illustrated in the figures, the separating
device 5 is provided with material removal elements
25, 26. From the separating device 5, a conduit 7
leads into a vacuum unit 6. The vacuum unit produces
in the conveying conduit system 4 



the negative pressure required for conveying the
material. I n the so lutions illustrated in the
figures, the vacuum unit 6 is an ejector unit. The
ejector unit 6 is connected to a source of operating
medium. The negative pressure provides the force
required for conveying the ma terial in the conveying
conduit system. The ejector unit 6 is connected to the
separating device 5 at the delivery station, the main
conveying conduit 4 being in turn connected to the
separating device.Arranged in the conveying conduit 4,
preferably at the opposite end of the conveying
conduit relative to the separating device 5, is at
least one valve element, which is opened and closed as
necessary. When a negative pressure prevails in the
conveying conduit 4, replacement air is fed into the
conveying conduit 4. This ensures that the material to
be conveyed moves in the conveying conduit 4 to wards
the separating device 5. Figs. 1 and 2 present an
embodiment of the method and apparatus of the
invention in which the operating medium used in the
ejector ap paratus 6 is a liquid spray, especially a
liquid mist. The apparatus comprises at least one
operating medium nozzle 122, which is pref erably
directed towards the ejector tube 128. In the figure,
three ejector nozzles 122 are arranged side by side,
and correspondingly there are three parallel ejector
tubes 128, one for each ejector noz zle. The ejector
tubes 128 are directed towards a separating element
38, which in the embodiment illustrated is a
container-like compo nent. The ejector tubes 128 are
directed towards the separating ele ment 38, which in
the embodiment illustrated in the figure is a
container- like component. The outlet end of the
ejector tube 128 extends into the separating element.
The separating element 38 comprises means for
separating the liquid and/or solid material from the
gas flow. For this purpose, the flow caused by the
ejector device is typically deflected so that the
liquid drops and/or material particles or at least
part of them remain in a collecting element. I n the
embodiment illustrated in the figure, the liquid
gathered in the separating element is circulated by
pump 



means 126, 127 back through ducts 131, 125, so that it
can be sprayed again through at least one ejector
nozzle 122. Arranged in the duct is a filter element
140. Preferably the suction pipes 130, 131 are also
provided with a rough filter placed at or near the
inlet open ing. The ejector tube 128 can be so
directed that it produces a rotating motion in the
separating element 38. In the solution according to
the figure, the end 129 of the ejector tube 128 is
directed to create a tangential flow component so as
to produce a rotating motion of theliquid. The
rotating motion allows e.g. heavier particles and
solid pieces to be brought closer to the walls of the
separating element, and therefore the suction pipes
130, 131 for liquid circulation are preferably
arranged to be at a distance from the edges of the
container- like separating element 38. Via circulation
of the liquid, it is possible to utilize substances,
chemicals, such as purifying agents or equivalent,
mixed in the liquid. The separating element is
provided with a closing element 133, allowing at least
some of the material and liquid accumulated in the
separating element to be removed into a separate
container 40, sewer 40' or to a further processing
stage. The closing element can be operated by an
actuator 141, such as a cylinder-piston combination or
some other device. The separating element 38 may
typically comprise an arrangement for monitoring the
surface level, implemented using e.g. limit switches
137, 138. More liquid can be supplied into the
separating element via a duct 134 provided with a
valve element, which can be controlled, e.g. according
to signals given by the limit switches 137, 138 or
according to need. The apparatus may also comprise
means 139 for monitoring the flow of the medium. These
means may com prise a flow transducer arranged in the
separating element to trans mit information on the
basis of which the ejector device and/or the
filling/emptying of the separating element are/is
controlled. The separating element also comprises an
overfill protector pipe 135, through which any excess
amount of liquid accumulated in the sepa 



rating element 38 is passed e.g. into the sewer. The
separating ele ment is provided with a gas exhaust
valve .132, through which any gases having reached the
separating element can exit, preferably in a washed
state, from the separating element. The invention thus
relates to a method for conveying material in a
conveying conduit 4 by utilizing a pressure
difference, in which method the material is fed into
the conveying conduit 4 and through the conveying
conduit further into a separating device 5, where the
material conveyed is separated from conveying air, in
which method a negative pressure is created in the
conveying conduit 4 by an ejec tor apparatus 6, the
suction side of which is connected to the sepa rating
device 5, said ejector apparatus being operated using
an operating medium, which is a liquid mist,
especially an aqueous liquid mist, said medium being
sprayed through at least one spraying noz zle 122 into
an ejector tube 128 directed towards a separating ele
ment 38. According to the invention, the generation of
the negative pressure to be produced is enhanced
according to need by limiting the flow of gases, such
as air, into the ejector tube 128 from the direction
oppo site to the spraying direction of its operating
medium, i.e. from the outlet end 129 of the ejector
tube. A typical situation where the gen eration of
negative pressure is enhanced is a blockage having oc
curred in the conveying conduit system 4, 7. According
to an embodiment of the method, the admission of gases
from the outlet end 129 into the ejector tube 128 is
limited by bring ing the aforesaid end of the ejector
tube 128 to a level below the level L, L' of the
liquid surface. This allows the ejector apparatus to
be moved and/or the liquid level to be raised. The
invention also relates to an apparatus for conveying
material, preferably bulk material in food industry,
in particular slaughtering offal and food waste, or
working residual in engineering industry, by the
application of a pressure difference in a conveying
conduit 4, said apparatus comprising a material
conveying conduit 4, a separating 



device 5 and means for creating a negative pressure in
the conveying conduit by using an ejector apparatus 6
whose suction side is con nected to the separating
device 5, said ejector apparatus being oper ated using
an operating medium, the ejector apparatus 6
comprising at least one nozzle 121, 122 for spraying a
liquid mist and for using the liquid mist as the
operating medium of the ejector and means 125, 126,
127, 131 for supplying a liquid to the nozzle, and
which apparatus comprises at least one ejector nozzle
122 arranged in or near an ejector tube 128, said
ejector tube being directed towards a separating
element 38 and extending into the separating element
38. The apparatus comprises means for enhancing the
generation of the negative pressure to be produced
according to need by limiting the flow of gases, such
as air, into the ejector tube 128 from its distalend
129 relative to the spraying direction of the
operating medium, i.e. from the outlet end of the
ejector tube. I n the embodiment illustrated in Figs.
1 and 2, the outlet end 129 of the ejector tube is
brought to a level below the level L, L' of the liquid
surface by adjusting the level of the liquid surface
in the separating element from the situation in Fig.
1, where the liquid surface is at level L, to the
situation in Fig. 2, where the liquid surface is at
level L'. I n this situation, the liquid surface level
has reached the outlet end 129 of the ejector tubes
128. The surface level can be kept at this position
e.g. by control commands obtained from limit switch
137'. Figs. 3 and 4 present a second embodiment of the
invention, in which the operating medium is sprayed
into the ejector tube 128, which extends into the
separating element 38 inside a shell part 142. Here,
the conveying gas is passed through an outlet opening
144 provided in the shell part 142. I n this
embodiment, at least the flow of gases into the space
inside the shell part 142 is limited, at least in the
event of a blockage in the conveying conduit 4, 7.
Thus, the passage of gases to the ejector tube is
limited. According to an embodiment of the invention,
the flow of gases is limited by means of a closing ele
ment 145. The flow of gases can be further limited by
raising the liq 



uid surface level L, L' at least inside the shell part
142. According to an embodiment, the material to be
conveyed preferably consists of bulk material in food
industry, especially slaughtering offal or food waste,
or working residue in engineering industry. By using a
liquid as an operating medium, or by supplying a
liquid mist as a second operating medium or as a
second medium, the solu tion of the invention aims at
achieving a "sealing effect" in the ejector tube,
thereby enhancing the suction effect. By using a
liquid mist as operating medium, a good volume of
ejector spray is achieved, and the suction effect and
ejector efficiency and also the "sealing effect" have
been found to be very good. Especially in the case of
a blockage occurring in the conveying conduits 4, the
efficiency of the vacuum unit can be significantly
improved by the method of the invention. I n the
method of the invention, the admission of gases, such
as air, intothe ejector tube 128 from the opposite
direction relative to the ej ec tor spray 122, i.e.
from the outlet end 129 of the tube in the figures, is
limited. According to the invention, the arrangement
can be im plemented in several ways. By using a liquid
mist in the solution of the invention, disadvantages
of smell and/or particles can be eliminated and/or the
suction effect of the ejector apparatus is enhanced.
The medium used is typically a liquid medium,
especially water. According to a preferred embodiment
of the method, at least most of the second medium
and/or operating medium is separated from the gas
flow. This is done after the material flow coming
through the suc tion pipe 7 has been mixed in the
operating medium flow and/or in the second medium
flow. The operating medium flow and/or the sec ond
medium flow have/has had an effect, typically a
washing effect, on the flow having come through the
suction pipe. The gas flow com ing from the ejector,
containing liquid droplets and/or material parti cles,
is deflected in such manner that the material
particles carried in it are left in the collecting
element 38, from where they are typically conveyed
away. The purified gas flow is conducted away. The
opera 



tion of some of the above-mentioned features will be
described later on in more detail. Figs. 1 and 2
present yet another preferred embodiment of the appa
ratus of the invention, in which the pipe 7 is
provided with a nozzle 121 for spraying an operating
medium, preferably water mist. The nozzle enhances the
suction effect produced by the apparatus, and it
additionally enhances the purification of the gas
flow. The nozzle 121 is arranged, preferably
coaxially, in the pipe 7. I n addition to nozzle 121,
there may be at least one ejector nozzle 122 and
ejector tube 128 arranged after nozzle 121 in the
direction of flow, the ejector tube being directed
towards the separating element 38. I n the em bodiment
illustrated in Fig. 6, the nozzle 121 and the ejector
nozzle 122 are arranged at an angle relative t o each
other. The nozzles pro duce a suction in their
vicinity, causing the gas flow to be mixed with the
spray, preferably a liquid mist spray, efficient
purification of the gas flow being thus achieved.The
spraying of the operating medium and therefore the
suction in the pipe 7 can be regulated according to
need, e.g. by adjusting the spraying pressure
generated by a pump. Figs. 3 and 4 present a preferred
embodiment of the apparatus of the invention. Here,
one or more ejector tubes 128 are surrounded by a
preferably tubular shell 142, the lower end 143 of
which, in the em bodiment illustrated, has been
arranged to extend below the liquid surface level L in
the separating element 38. Formed in the shell 142 is
at least one opening 144, through which in a normal
situation at least some of the gas, such as air, drawn
in by the ejector via the suction pipe 7 can get into
the air space above the liquid surface L in the
separating element 38 and from there further out of
the separating element through a gas exhaust valve 132
provided in the separat ing element 38. Depending on
the operating medium, e.g. in the case of a liquid
operating medium, in particular a liquid mist, the
gases preferably leave the separating element in a
"washed state". In the embodiment in the figure, at
least one opening 144 has been formed 



in the shell 142 in the region between the end 129 of
the ejector tube 128 and the spraying point of the
ejector 122 as seen in the direction of the ejector
tube 128. According to a preferred embodiment, at
least one opening 144 in the shell 142 is provided
with a closing ele ment 145. The closing element 145
is movable between at least two positions, a first
position, in which the passage for the medium through
the opening 144 is open, and a second position, in
which the passage for the medium through the opening
144 is substantially closed. According to an
embodiment, the closing element 145 is a clappet
element, which permits medium flow from inside the
shell through the opening 144 to outside the shell. I
f the pressure differ ence between the inside and
outside of the shell 142, in the area of the opening
144, changes so that the pressure outside the shell
142 is higher, then the clappet 145 will close. The
closing element 145 in this embodiment thus works like
a check-valve, permitting medium flow from inside to
outside the shell but not from outside to inside the
shell. Alternatively, it is conceivable that no
closing element is pro vided in conjunction with the
openings 144, but a closing elementcould possibly be
placed e.g. in conjunction with the exhaust valve 132.
I n the embodiment illustrated in the figure, the
shell is provided with several openings 144,
preferably positioned in a distributed manner on the
circumference of the shell 142. The lower end 143 of
the shell 142 is open, so the liquid sprayed by the
ejector can get into the separating element 38, into
its liquid containing section. According to an
embodiment, the lower end of the shell is shaped so as
to impart a rotating motion to the liquid. I n a
normal situation (Fig. 3), at least a proportion of
the gases drawn in by the ejector is deflected and
flows out of the shell through the openings 144 while
the liquid remains in the separating element. If there
arise blockages in the suction pipes 4, 7, e.g. due to
the ma terial being conveyed, then the amount of gases
coming through the suction pipe is reduced, with the
result that the closing elements 145 



on the openings 144 of the ejector shell 142 are
closed and the ej ec tor automatically tries to
increase the vacuum and therefore the suction in the
suction pipes 4, 7. Fig. 4 illustrates this situation.
The closing elements 145 have closed the openings 144.
Due to the pressure difference, the liquid level L'
inside the shell 142 rises to a height somewhat above
the surface level L of the liquid in the separating
element outside the shell 142. This makes it possible
to enhance the suction effect, so the blockage in the
conduit system 4 can hopefully be removed. The liquid
surface level L' preferably rises above the outlet end
129 of the ejector tube 128. This effectively prevents
the entry of gases into the ejector tube 128 against
the spraying direction. Fig. 5 presents yet another
embodiment of the solution of the inven tion, in which
the shell 142 has no closing elements in conjunction
with the openings 144. I n this case, when necessary,
the negative pressure can be increased by raising the
level of the liquid surface in the separating element
38 as stated in connection with Figs. 1 and 2 while
the outlet ends of the ejector tubes remain below the
liquid surface level L'. The entry of gases into the
ejector tube 128 against the spraying direction is now
effectively prevented. Fig. 6 presents an ejector unit
which, in the embodiment illustrated in the figure,
comprises an ejector jet 122, to which the operating
me dium is conveyed via a pressurized line 125,
presented diagrammatically. I t can be used e.g. in
the embodiment illustrated in Figs. 3 and 4 .
Connected to the spraying chamber is a suction pipe 7,
from which a gas, such as air, flows into the ejector
jets and with them into the ejector tubes 128. The
ejector tubes 128 are surrounded by a shell 142. At
the upper end of the shell is a partition 150, which
is pro vided with openings 151 formed at positions
aligned with each ejector tube 128, through which
opening the spray from the ejector jet 122 can get
into the ejector tube together with the air drawn
along by it. Formed in the shell wall is at least one
opening 144. The opening 144 has been formed in the
shell in the area between the upper part of 



the shell 142 and the lower end of the ejector tubes
128. I n the em bodiment illustrated in the figure,
the shell has several openings formed in it. The
openings 144 have been formed in a distributed manner
along the circumference of the shell 142. Provided in
con junction with the opening 144 is a closing element
145. I n the em bodiment in the figure, the closing
element 145 is a clappet element mounted on the outer
surface of the shell outside the opening 144. The
clappet element has been arranged to be movable
between at least two positions, a first position, in
which the flow path through the opening 144 is open,
and a second position, in which the flow path through
the opening 144 is closed. According to an embodiment,
the closing element 145 is formed from an elastic
material, such as rub ber or plastic. I n the lower
part 143 of the shell is an outlet port 152, through
which at least some of the medium sprayed exits into
the separating ele ment 38. The port may be so
oriented that the medium flowing out imparts a
rotating motion to the liquid in the separating
element. As shown in Fig. 6, a guide element 153 has
been formed in conjunction with the outlet port 152 to
direct the exiting medium flow.Fig. 7 presents yet
another embodiment of the ejector unit, which can be
used e.g. in the embodiment according to Fig. 5. The
shell ele ment 142 has a tubular shape, with its
outlet end directed as desir able. I n the solution
illustrated in the figure, due to the curved shape of
the shell 142, the outlet port 152 is oriented at an
angle of almost 90 relative to the ejector tubes 128.
The figure additionally visualizes with broken lines
the change L-L' of the liquid surface level in an
eventual blockage situation. The ejector device of the
invention comprises at least one ejector nozzle 122
and at least one ejector tube 128, into which the
ejector nozzle sprays, and a passage for bringing a
second medium into the ejector jet 122. The device
comprises means for enhancing the nega tive pressure
produced, according to need by limiting the flow of
gases, such as air, into the ejector tube 128 from the
distal end 129 



relative to the spraying direction of the operating
medium, i.e. from the outlet end 129 of the ejector
tube. According to an embodiment, the shell part 142
has been arranged around the ejector tube and has at
least one opening 144 formed in the shell. I n a
second embodiment, the shell 142 is additionally pro
vided with means 145 for shutting off or limiting the
flow through the opening 144. I n one embodiment, the
opening 144 is disposed in the shell 142 in the area
between the upper part of the shell and the lower part
of the ejector tube 128. Formed in the lower part of
the shell 142 is an opening 152 for dis charge of the
ejector's operating medium and/or removal of the ma
terial being conveyed. Provided in conjunction with
the opening 144 is a clappet element 145 for shutting
off and/or limiting the flow through the opening
(144). I n yet another embodiment, means for directing
the medium flow are provided in conjunction with the
opening 152 in the lower part of the shell
142.According to a preferred embodiment, the device
comprises means for bringing, at least when necessary,
the outlet end 129 of the ejec tor tube 128 to a level
below the liquid surface level L, L/ near the ejector
apparatus. Typically at least one of the two, either
the liquid surface and/or the ejector tube, are/is
moved relative to each other. An ejector device
according to Figs. 6 and 7 can be used as a vacuum
generator in many types of applications requiring
negative pressure. With the apparatus of the
invention, a significant improvement can be achieved
in the vacuum produced by the apparatus. I n an embodi
ment of the solution of the invention, the vacuum has
typically been about 0.3 - 0.4 bar, and even a vacuum
of about 0.9 bar has been reached by using the method
and apparatus of the invention. It is to be noted that
the above-mentioned vacuum values are only exampies,
so the vacuum values reachable may vary according to
the ad justment range of the system. 



By using an aqueous liquid as operating medium and
spraying a liquid mist, a very effective solution for
an ejector device is achieved. In this context, liquid
mist refers to spraying with Dv50 < 1000 microme ters,
i.e. with an average droplet size below 1 mm. I n some
cases, the droplet size (Dv 90) of the liquid mist may
even be considerably smaller, below 200 mm. If
desirable, the operating medium can be sprayed with a
high pressure, preferably 10 - 300 bar, but in some
cases even lower pressures are also applicable.
Typically, it is possi ble to use pressures in the
lower part of the range, e.g. 10 - 50 bar, preferably
15 - 30 bar. As compared to a pneumatically operated
ejector, a saving of up to 50 % in the energy
requirement is achieved. I n addition, the system is
considerably more durable in respect of service life
than vacuum pumps, which have also been used to
generate a negative pressure. The background of the
method and apparatus of the invention is dealt with
e.g. in specification WO 2005/085105 and also in
specification WO 2005/085104. The invention can be
applied in the conveying of a wide variety of
materials. An advantageous application is also found
in systems forconveying waste material produced in
engineering industry, such as working residue,
preferably chips. The ejector device of the invention
can be used in connection with a very wide variety of
conveying systems. I n addition, the ejector de vice
can also be used more generally as a vacuum generator
in con junction with applications requiring a negative
pressure, such as e.g. wood drying apparatus, suction
graspers, smoke removal systems, dust removal systems.
The ejector device is very well applicable for use in
conjunction with explosible substances. It is obvious
to the person skilled in the art that the invention is
not limited to the embodiments described above, but
that it may be var ied within the scope of the
following claims. Features that may have been
presented together with other features in the
description can also be used separately from each
other if necessary.Claims 



1. Method for conveying material by applying a
pressure difference in a conveying conduit (4), in
which method the material is fed into the conveying
conduit (4) and in the conveying conduit further into
a separating device (5), where the material being
conveyed is sepa rated from conveying air, in which
method a negative pressure is cre ated in the
conveying conduit (4) by means of an ejector apparatus
(6), whose suction side is connected to the separating
device (5), said ejector apparatus being operated
using an operating medium consisting of a liquid mist,
especially an aqueous liquid mist, said me dium being
sprayed through at least one spraying nozzle (122)
into an ejector tube (128) directed into a separating
element (38), c h a r a c t e r i z e d in that the
generation of the negative pressure to be produced is
enhanced according to need by limiting the flow of
gases, such as air, into the ejector tube (128) from
the direction op posite to the spraying direction of
its operating medium, i.e. from the outlet end (129)
of the ejector tube. 2. Method according to claim 1, c
h a r a c t e r i z e d in that the ad mission of
gases into the ejector tube (128) from the outlet end
(129) is limited by bringing the aforesaid end of the
ejector tube (128) below the level (L, L') of the
liquid surface. 3. Method according to claim l or 2, c
h a r a c t e r i z e d in that the outlet end (129)
of the ejector tube is brought to a level below the
level (L, L') of the liquid surface by adjusting the
level of the liquid surface in the separating element.
4. Method according to any one of claims 1 - 3, c h a
r a c t e r i z e d in that operating medium is
sprayed into the ejector tube (128), which extends
into the separating element (38) inside a shell part
(142). 5. Method according to claim 4, c h a r a c t e
r i z e d in that the con veying gas is passed through
an outlet opening (144) of the shell part (142).6.
Method according to claim 4 or 5, c h a r a c t e r i
z e d in that at least the flow of gases into the
space inside the shell part (142) is 



limited, at least in the event of a blockage in the
conveying conduit (4, 7). 7. Method according to claim
6, c h a r a c t e r i z e d in that the flow of gases
is limited by means of a closing element (145). 8.
Method according to claim 6 or 7, c h a r a c t e r i
z e d in that the flow of gases is limited by raising
the level (L, L') of the liquid surface 25 at least
inside the shell part (142). 9. Method according to
any one of claims 1 - 8, c h a r a c t e r i z e d in
that the material to be conveyed preferably consists
of bulk material in food industry, especially
slaughtering offal or food waste, or working residue
in engineering industry. 10. Apparatus for conveying
material, preferably bulk material in food industry,
in particular slaughtering offal and food waste, or
working residual in engineering industry, by the
application of a pressure dif ference in a conveying
conduit (4), said apparatus comprising a ma terial
conveying conduit (4), a separating device (5) and
means for creating a negative pressure in the
conveying conduit (4) by using an ejector apparatus
(6), whose suction side is connected to the separating
device (5), said ejector apparatus being operated by
an oper ating medium, said ejector apparatus (6)
comprising at least one nozzle (121, 122) for spraying
a liquid mist and for using the liquid mist as the
operating medium of the ejector and means (125, 126,
127, 131) for supplying a liquid to the nozzle, and
which apparatus comprises at least one ejector nozzle
(122) arranged in or near an ejector tube (128), said
ejector tube being directed towards a sepa rating
element (38) and extending into the separating element
(38), c h a r a c t e r i z e d in that the apparatus
comprises means for en hancing the negative pressure
to be produced according to need by limiting the flow
of gases, such as air, into the ejector tube (128)
from its distal end (129) relative to the spraying
direction of the op erating medium, i.e. from the
outlet end of the ejector tube.11. Apparatus according
to claim 10, compensating device the appa ratus
comprises means for bringing, at least when necessary,
the 



outlet end (129) of the ejector tube (128) to a level
below the level (L, L') of the liquid surface. 12.
Apparatus according to claim 10 or 11, c h a r a c t e
r i z e d in that the separating element (38) is
provided with a shell part (142), the ejector tube
(128) extending into said shell part, and said shell
part being provided with an outlet opening (144) for
the gases. 13. Apparatus according to any one of
claims 10 - 12, c h a r a c  t e r i z e d in that it
comprises a closing element (145) arranged in
conjunction with the outlet opening (144). 14.
Apparatus according to any one of claims 10 - 13, c h
a r a c t e r i z e d in that it comprises a closing
element (145), especially a clappet element, arranged
in conjunction with the outlet opening. 15. Apparatus
according to any one of claims 10 - 14, c h a r a c -
t e r i z e d in that the apparatus comprises means
for producing a ro tating motion of the liquid in the
separating element (38). 16. Apparatus according to
any one of claims 10 - 15, c h a r a c t e r i z e d
in that the apparatus comprises means (38) for
separating liquid and/or solid material from the gas
flow. 17. Apparatus according to any one of claims 10
- 16, c h a r a c t e r i z e d in that the apparatus
comprises means for adjusting the level (L, L') of the
liquid surface in the separating element. 18.
Apparatus according to any one of claims 10 - 17, c h
a r a c  t e r i z e d in that the apparatus comprises
means for bringing the outlet end (129) of the ejector
tube (128) below the liquid surface level (L, L')
according to need e.g. in the event of a blockage
occurring in the conveying conduit (4, 7). 19.
Apparatus according to any one of claims 10 - 18, c h
a r a c  t e r i z e d in that the apparatus comprises
means for adjusting thelevel (L, L') of the liquid
surface and keeping it at a desired height in the
separating element (38). 20. Apparatus according to
any one of claims 10 - 19, c h a r a c - t e r i z e d
in that the apparatus comprises means for bringing the
outlet end (129) of the ejector tube below the liquid
surface level (L, 



L') by adjusting the height of the liquid surface
level in the separating element (38). 21. Ejector
device, comprising at least one ejector nozzle (122)
and at least one ejector tube (128), into which the
ejector nozzle sprays, and a passage for bringing a
second medium into the ejector jet (122), c h a r a c
t e r i z e d in that the device comprises means
whereby the negative pressure produced can be enhanced
according to need by limiting the flow of gases, such
as air, into the ejector tube (128) from the distal
end (129) relative to the spraying direction of the
operating medium, i.e. from the outlet end (129) of
the ejector tube. 22. Ejector device according to
claim 21, c h a r a c t e r i z e d by a shell part
(142) arranged around the ejector tube and by at least
one opening (144) formed in the shell. 23. Ejector
device according to claim 22, c h a r a c t e r i z e
d in that the shell (142) is provided with means (145)
for shutting off and/or limiting the flow through the
opening (144). 24. Ejector device according to any one
of claims 21 - 23, c h a r a c  t e r i z e d in that
the opening (144) is disposed in the shell (142) in
the area between the upper part of the shell and the
lower part of the ejector tube (128). 25. Ejector
device according to any one of claims 21 - 23, c h a r
a c  t e r i z e d in that it comprises an opening
(152) formed in the lower part of the shell (142) for
discharge of the ejector's operating me dium and/or
removal of the material being conveyed.26. Ejector
device according to any one of claims 21 - 24, c h a r
a c t e r i z e d in that it comprises, arranged in
conjunction with the opening (144), a clappet element
(145) for shutting off and/or limit ing the flow
through the opening (144). 27. Ejector device
according to any one of claims 21 - 25, c h a r a c t
e r i z e d in that it comprises means for directing
the medium flow, arranged in con junction with the
opening (152) in the lower part of the shell (142). 



28. Ejector device according to any one of claims 21 -
27, c h a r a c t e r i z e d in that the device
comprises means for bringing, at least when necessary,
the outlet end (129) of the ejector tube (128) to a
level below the liquid surface level (L, L') near the
ejector apparatus. 29. Ejector device according to any
one of claims 21 - 28, c h a r a c  t e r i z e d in
that the ejector device is used in conveying systems.
30. Ejector device according to any one of claims 21 -
29, c h a r a c - t e r i z e d in that the ejector
device is used as a vacuum generator in conjunction
with applications requiring a negative pressure, such
as e.g. wood drying apparatus, suction graspers, smoke
removal sys tems, dust removal systems. 


