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Nowadays ships almost invariably use vacuum sewer

“toilets. The bowls of such toilets are connected, through a

normally-closed sewer valve, to a sewer pipe that is kept
under a considerable partial vacuum. Modern marine vacuum |

10 sewer systems are almost without exception devised according

to US-A-4034421. This kind of system is well suited'for

systems including a large number of toilets, but is

unnecessarily expensive in ships where the number of toilets

is relatively small. For instance, freighters or cargo ships

15 usually have only between 5 and 40 toilets. An inexpensive,

easy to install and reliable toilet vacuum sewer system for

this kind of ship has not been commercially available

heretofore.

This invention seeks to provide a simplified vacuum sewer

20 system with -low manufacturing and installation costs that is

well suited for use in vacuum sewer systems in which the

- number of toilet bowls is clearly less than 100 units and in

which it is unlikely that very many toilet bowls will be

flushed at the same time. - The invention has particular, but

25 not exclusive, application to ships. What constitutes the
invention is defined in the following claim 1. '

It is known to use a liquid ring pump for generating a
partial vacuum in a sewer system, where moisture and dirt
abound. A liquid ring pump utilises an eccentrically'rotating

30 ring of liquid which effects the volume increase and decrease
of a pumping space in the pump. Such a pump is reliable and
operates well, but its efficiency rate is 1qw,'which means

that its power demand is high. Additionally, a liquid rihg
gl e . .
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Thi s conbi nat kraguepeHat/8eulfl.i aPhys bdbmbisation operates reliably but its
efficiency rate is only about 5%.

The invention is based on the concept that, contrary to

the trend of the prior art, a dry rotary vane pump could be

10 used as a vacuum pump. Although this kind of pump is

relatively cheap and has good efficiency, dry vane pumps do

not, however, tolerate moisture. Thus to make it possible to

use a dry rotary vane pump in a vacuum sewer system according

to the invention, it is necessary to protect the pump very

15 effectively, by means of a liquid separating means, so that

it does not become exposed to humidity. Providing that

operating conditions suitable for a dry rotary vane pump can

be arranged, a dry rotary vane pump is a surprising but an

extremely advantageous component in a vacuum sewer system

20 according to the invention and its power can be as low as 0.4
kW or even less. '

For making it easy to install a vacuum sewer system
according to the inventioﬁ in a ship, even in a restricted
space, it is important that the component parts of the system

25 have small dimensions and are so formed and arranged, that
~ they may all be easily integrated in a module with small outer
dimensions. Such a module suitably has the form of a fully
prefabricated rigid unit that may be installed in a ship and
simply connected to the shipboard vacuum sewer network and to
30 its electric network. For making this possible, the sewage
collecting container has to be relatively small, and
consequently, it has to be emptied quite frequentlyf The
emptying of the collecting container may take place to a
larger sewage storage tank, to a sewage treatment plant or.
35 direct into the sea. In harbour, the emptying may take place
to any available sewage transport or adjacent treatment
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helpful that there be a fixed tube and valve system, by means
of which the collecting container is emptied. According to
the invention, the dry rotary vane pump of the vacuum sewer
10 system is also .used in the emptying phase of the collecting
container, the suction side of the pump then being connected
to the ambient air and the pressure side of the pump to the
collecting container, whereby the pump pressure empties the
container. Because the dry rotary vane pump is used both for
15 producing vacuum and for emptying the collecting container,
the number of elements in the vacuum sewer system may be
minimised and the production costs of the system, and
particularly the cost of a prefabricated module therefor, can

be kept low.

20 Because it is important that moisture is not sucked into
a dry rotary vane pump, one must pay close attention as to how
the sewage is to be drawn into the collecting container.
Splashing should be avoided, because it may cause liquid to
be sucked into the vacuum pump. Therefore, in a preferred

25 embodiment of the invention, the sewer pipes of the toilet
bowls are connected to the collecting container through a
common end tube, that is connected to the collecting container
so that the liquid sewer flow into the collecting container
takes place as peacefully as possible. This is accomplished,

30 in a preferred embodiment, by connecting the end tube of the
sewer pipe to the collecting container via separating means,
in which the sewage is separated from the air accompanying it.
In this way the flow speed of the sewage is reduced before the
sewage arrives in the interior of the collecting container.

35 The collecting container may be cylindrical and the end tube
of the sewer pipe may be mounted to 1lie against the
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as a separating device, in which the air accompanying the

sewage is bled from the sewage as the sewage approaches its

entry point into the collecting container. Desirably the

shape of the separating device is such that the sewage flows

10 into the collecting container mainly tangentially, which

greatly reduces splashing and other disturbances in the mass

of mainly liquid sewage contained in the collecting container.

From a structural point of view it is easy to mount the

separating device around the circumference of the collecting

15 container against its outer surface, but it is also feasible

to place the separating device against the inner surface of

the collecting container or join it, for example, to a cover

structure of the container, in such a manner that it assumes

a proper position, when the cover is mounted in place. This

20 last-mentioned solution has the advantage that the structure

of the remainder of the collecting container may then be
extremely simple.

If a cylindrical collecting container is mounted with its
longitudinal axis slightly offset from a vertical position,
25 the lowest section of the container’s oblique bottom forms a
space, in which the inlet end of a tube for emptying the
container can advantageously be installed. The container can
then be emptied much more completely than if the container has
a horizontal flat bottom. Setting the collecting container
30 slightly offset from the vertical does not cause difficulties
in mounting the end tube of the sewer, because the end tube
may, 1in spite of the offset position of the collecting
container, easily be mounted on.the circumferential surface
of the collecting container or in its close vicinity, so that

35 each section of the end tube still slopes downwardly.
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t he sewage i sspadacundbef vacutihe wkemgElushing of any of the toilet bowls
takes place. To ensure this, it is recommended to have an
automatic emptying system providing, under the control of a
10 level monitor or the 1like, emptying of the collecting
container, when it has become about half full of sewage. If
the level monitor is situated inside the collecting container,
the air flow caused in the collecting container by the dry
rotary vane pump when suction and/or pressure is produced, can
15 be directed along or against the level monitor, so that the
air flow keeps it clean from matter that could otherwise stick
to it.

It is desirable that the sewage flows into the collecting
container mainly in the form of liquid plugs. Such a plug is
20 discharged into the sewer pipe when any of the vacuum toilet
bowls is flushed, but the sewer pipe may be so long that the
plug does not reach the collecting container during that
flushing operation. To make sure that plug flow into the
container does occur, a U-shaped trap can be provided in the
25 sewer pipe just upstream of the collecting container, which
~ trap forms a collecting pocket for liquid present in the end
portion of the sewer. Sewage collected in the trap forms a
liquid plug, and this liquid plug flows into the collecting
container pushed by the pressure impulse caused by the next
30 toilet bowl flushing. Thus, the flow of sewage into the
collecting container always takes place in the form of liquid
plugs, which enhances the functioning of the separating'device

of the collecting container.

It is advantageous if the dry rotary vane pump has only
35 one air flow connection to the collecting container, through



arrives’in the interior of the collecting container. The col l ecting
contai ner may be cylindrical. and the end tube of the sewer pipe nay be
mounted to |ie against the -4- circunferential surface of the collecting
container. That side of the end tube that is facing the centre of
curvature of the circunferential surface of the collecting container then
has a plurality of apertures that open to t e interior 5 of the coIIecting
container, so that the end tube itself worKs as a separating device,
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protecting the collecting container against overfilling, or

in other words so that if the collecting container is filled

completely, the level of sewage in the system cannot go above

10 the level of the overfilling protecting means. By this means

a simple and reliable vacuum sewage system is obtained, that

functions in an acceptable manner even under fault conditions.

The invention will be described more fully with reference
to the accompanying drawings, in which: ' o

15 Figure 1 is a schematic view of a vacuum sewer system
according to the invention, and

Figure 2 and Figure 3 show, in end view and front view,
respectively, an implementation of the major part of a system
according to the invention prepared as a compact module.

20 In the drawings, numeral 1 indicates W.C. toilet bowls
installed on board a ship. Each toilet bowl 1 is, through a
normally-closed sewer valve 1la, connected to a sewer pipe 2,
that is kept under partial vacuum and at its downstream end,
by means of an end tube 3 and a check valve 10, communicates

25 with a collecting container 4.

The number of toilet bowls in a system according to the
invention is usually at the most 60. It is, however, from the
point of view of functional reliability recommendable, that
the number of toilet bowls is less than this, for example

30 between 30 and 40, and that the system is so devised, that
normally not very many toilet bowls will be flushed at the
same time. If necessary, the system may be provided with some
form of £flush-preventing or flush-delaying means. Such
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vicinity, so that each section of the end tube still slopes downwardly.
of the vacuum sewer pipes 2, 3 is typically about 400 + 100
litres.

The partial vacuum and the pressure required in the
10 vacuum sewer system illustrated is provided by a dry sliding-
vane rotary pump 5, the suction side 5a of which is connected
to the collecting container 4 via a check valve 7, a liquid
separator 6 and tubes 6a and 18. The pressure side 5b of the
sliding-vane pump 5 includes a remote-controlled three-way
15 valve 22 and tubes 27a and 27 connected to the atmosphere.
The partial vacuum generated by the pump 5 in the sewer system
2, 3 and in the collecting container 4 is usually about 50%

of the atmospheric pressure.

For emptying sewage 17 from the collecting container 4,

20 the suction side S5a of the pump 5 is, through a remote-

. controlled three-way valve 21, connected to the atmosphere.

The inflow of ambient air is represented by the arrow 2la and

the pressure side 5b of the pump 5 is connected, through the

remote-controlled three-way valve 22 and through the tube 6a,

25 to the collecting container 4. The pressure generated by the

' pump 5 then acts on the sewage 17, because the pressure cannot

escape through the check valve 10. The pressure forces sewage

17 in the container 4 into a tube 8 and through it and a

further check valve 29 to some other location, for example

30 through a tube 8a to a treatment plant in a harbour, through

a pipe 8b to a treatment plant or a larger storage tank on
board the ship, or through a pipe 8¢ to the sea. .

When any of the toilet bowls 1 is flushed, about 1 litre
or less of rinse water is led to the toilet bowl and
35 practically at the same time the sewer valve la of the toilet



It is al'so feasible that the col l ecting container be a cylindrical pressure
vessel with convex ends (for exanple according to DIN 28022). At the | owest
poi nt of the bottom of the container a dowwardly directed enptying tube
may be 5 connected. The collecting container nust always have a | arge
enough space under vacuum when flushing of any of the toilet bow s takes -
place. To ensure this, it is reconmmended tp have an automatic enptying
system provi di ng, under the control of a 10 |l evel nonitor or the liKke,
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bow s is flushe but the sewer plpe may be so Ion that the
collecting container 4 e tube 9 operates as a separating
device due to the fact that matter heavier than air, because
of the action of centrifugal force, is moved to that side of
10 the curved tube 9 that is outwards from its centre of
curvature, while air present with the plug finds its way to
the side of the curved tube 9 facing its centre of curvature.
That side of the tube 9 is contacting the container 4 and is
provided with apertures 12 through which the air is discharged
15 into the collecting container 4. Finally, the sewage plug,
flowing now rather slowly, passes into the collecting
container 4 mainly tangentially through an outlet opening 9a

marking the end of the tube 9.

The sewer pipes 2 leading from the toilet bowls 1
20 communicate with the end tube 3, in which there is provided
a U-shaped curve 19 forming a liquid-collecting trap. In this
trap at least a part of any liquid remaining in the sewer pipe
is collected, forming there a liquid plug, which ensures that
each sewage discharge which passes into the curved tube 9

25 includes a liquid plug.

The level of sewage 17 preferably does not rise to above
half the depth of the collecting container 4 so that sewage
can enter the container 4 #ithout excessive splashing, because
the apertures 12 and 9a of the separating device created by

30 the tube 9 are always above the sewage level.

A level monitor 16 is provided in the collécting
container 4 that monitors the amount of sewage 17 present.
The sliding-vane pump 5 generates air £lows, when partial
vacuum is generated as well as when pressure is generated, in

35 the container 4. By means of the air guide pipe 18 at the



pl ug does not reach the collecting container during that flushing
operati_on. To make sure that plug flow into the container does occur, a
U-shaped trap can be provided in the 25 sewer pipe just upstream of the
collecting container, which trap forns a collecting pocket for liquid
present in the end portion of the sewer. Sewage collected in the trap forns
aliquid plug, and this liquid plug flows into the collecting contai ner
pushed by the pressure inpul se caused by The Text 30 toilet bow f I ushi ng.
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sharp changes in flow direction, whereby, because of the
action of centrifugal force, any liquid drops present are
separated from the air. The velocity of the air flow through
the separating means 6 is also essentially slowed down at the
10 points, where the cross-sectional area of the flow duct is
large, which also is likely to cause a separating out of water
drops flowing with the air. The separated liquid flows
through the lower part of the tube 6a back to the collecting
container 4. If the collecting container 4, in the case of
15 a disturbance, is filled up totally, in other words to such
a high level that the liquid level rises up to the device 6,
a float 24 present therein closes the connection to the upper
part of the pipe 6a. This prevents the liquid from rising
higher than the device 6.

20 The cylindrical collecting container 4 has in the
embodiment illustrated a slightly oblique disposition, so that
its longitudinal axis 13 forms an angle A to the wertical.
This ensures the inlet end 14 of the outlet tube 8 of the
collecting container 4 is in close vicinity to the lowest part

25 15 of the obliquely mounted collecting container 4. This
gives the advantage that the collecting container is
effectively completely emptied, only an extremely small amount
of sewage remaining therein at the point 15, following a full
emptying operation.

30 A collecting and separating device 25 for, for example,
condensed liquid, is shown connected to the lower end of the
mainly wvertical tube 27. Any liquid collected in the device
25 is, in a known manner by means of partial wvacuum, led
through a pump 27b to the sewer 3 and therethrough to the

35 collecting container 4. In the device 25 one may use



5 be led to the punp through a noisture separator, which preferably is so
deviised, that it works also as a neans protecting the collecting contai ner
agai nst overfilling, or in other words so that if the collecting container
is filled conpletely, the I evel of sewage in the system cannot go above 10
the level of the overfilling protecting nmeans. By this neans a sinple and
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and Figure 2 éﬁéoﬁ?éur§E35§ﬁ8®55ﬁnOEnGBvAeﬁﬁéﬁﬁoiront vi ew, respectively,
an inplenentation of the najor part of a systen1accord|ng to the |nvent|on
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system. Some of this data is provided by a pressure
controlled relay 35 connected via a tube 33 to the sewer 3
downstream of the check valve 10 or directly to the container

10 4. Also shown is a pressure gauge 34 connected in parallel
with the relay 35.

Figures 2 and 3 show how the component parts of a system
according to the invention, in other words the parts 3-29 and
33-35 of Figure 1 may be arranged in a prefabricated module

15 having a frame 30 for mounting the described equipment and for
fixing the component parts in place. A mounting module of
this kind can be designed to be so compact that it requires
a floor area of less than 0.5 m2.

The invention is not 1limited to the embodiments

20 illustrated since several variations and modification thereof

are feasible within the scope of the following claims. Thus,

for example, although a sliding-vane rotary pump has been

shown schematically in Figure 1 and referred to as integer 5

in the foregoing specific description, any other suitable form

25 of dry rotary vane pump is not ruled out in the practising of
the invention.



i nvent Fon—ts—ustaty—at—the nmost 60. It is, however, fromthe point of view

of funch% La eljabjljty recomrendabl e, that the nunmber of toilet bows is
| ess than 3 | e 30 between 30 and 40, and that the systemis so
devi sed, lﬂm I not very many toilet bows will be flushed at the

sanme tinel the system nay be provided with_sone form of
flush-preventing or flush-delaying means. Such -7- Wﬁl,'. —

and/or restrictive actions are necesSary primarily
t he vacuum punp of the systemis relatively small and the
col l ecti ngummm,mmmluﬂmal so relativel small.  The : e
the 5 coll 4 may be onl y€ 50 litres, but it could be
| ar ger thanftﬁisf_THe total volune of the interior of the vacuum sewer
pipes 2, 3 0 tYBi Gl Y oty 400 001 Lees IR SRR BRI AR LE
a dry slidi ngnunbee o@t goyleitnpowlst ig) supkeferablly &a che vimsth 66 toilet
connect ed bowls, which through a sewer pipe (2) are connected to a
5 common sewage collecting container (4), and means for
generating and maintaining a considerable partial vacuum in
the sewer pipe (2) and in the collecting container (4),
characterised in that the sewage collecting container is a
relatively small reservoir (4) which has to be frequently
10 emptied and the volume of which is preferably at the most 100
litres, in that a dry rotary vane pump (5) including a
protective liquid separating means (6, 9) works as a partial
vacuum generating device, and in that this device includes a
rigidly installed tube and valve system (6a, 8, 21, 22) by
15 means of which the pressure side of the dry rotary vane pump
(5) periodically can be connected to the collecting container
(4) for emptying the container to another location by means
of the pressure created by the dry rotary vane pump (5).

of

2. A system according to claim 1, characterised in that

20 the sewer pipes (2) of the toilet bowls (1) are connected to

the collecting container (4) through a common end tube (3),

which communicates with the collecting container (4) via a

separating device (9), in which air accompanying the sewage

_ in the sewer pipe can be drawn off, thereby reducing the flow

25 épeed of the sewage before the sewage arrives in the interior

of the collecting container (4) through the outlet opening
(9a) of the device (9).

3. A system according to claim 2, characterised in that

the collecting container (4) is cylindrical and the separating

30 device (9) of the sewer end tube is a curved tube (3)
contacting the circumferential syrface (11) of the collecting
container (4), preferably at its outside, which tube (9), at
the side that is closer to its centre of curvature, has a
plurality of apertures (12) opening to the interior of the



to the collecting container 4 via a check valve 7, a liquid separator 6 and
t ubeshifshed fids Bedn RMBed?r €SSUre side 5b of the inding-vang»punp 5 includes a

r enot I ree-way 15 valve 22 and tubes 27a an cernrected to
the a partial vacuum generated by the punp
syste ) he coll ecting container 4 is usual

FAGSHER se9mEE

abouREBDAGRY tﬁg
at nospheric pressure. For enptying sewage 1Z fromthe collectin —
4, 20 the suction side 5a of the punp 5 is, through a renote- controlled
t hree-way val eellectiognecaitaimerhe (@)nospieranghThaiioh oRpErtunsentaia r
|'s represent edby LRe Ao 233 %@@apae B adceintderhl Qbntlen@UP S is
connected, through the renpte-contro Ieg three-way valve 22 and through the
tube 6a, 25 to the collecting container 4. The pressure generated by the
punp 5 then acts ongthes hécoRasadseol diEa i @SSWEharsabaPise8CAPEhat

t hrough the check val ve 10, The pressyre forces sewage 17.in.the contai ner
4 into a tube“8CamPRFt "f‘f é%&sa ?Juf)t h&F ¢ %kc\ygf"{}érkga%o e

| ocati on, f6rcexaapher3fstbfbagh A) roBa verzicedapositighasmdithat the

bonr d 1 he. oni 59057 (B PEoERiES Bs LOGLHERG BN MePlcd 14 iR (AP ek On
bows 1 is flGoRegirgumferentiplesurface of the collecting container with

a downward slope.

5. A system according to claim 4, characterised in that

10 in the collecting container (4) there is an outlet tube (8),
the inlet end (14) of which is in close vicinity to the lowest
part (15) of the obliquely mounted collecting container (4).

6. A system according to any of c¢laims 2 to 5,

characterised in that in the collecting container (4) there

15 is a level monitor (16) which is arranged to transmit a signal

activating an emptying sequence, when the collecting container

(4) contains sewage (17) to a pre-set depth below the ocutlet
opening (9a) of the device (9).

7. A system according to claim 6, characterised in that
20 in the emptying phase of the collecting container (4), the
pressure created by the dry rotary vane pump (5) is arranged
to be led to the collecting container (4) in the form of a
relatively rapid air flow (via 18) that is directed against
the level monitor (16) for cleaning the monitor (16) from

25 matter sticking to it.

8. A system according to any of the preceding claims,
characterised in that in the end tube (3) of the sewer pipe
there is, close to the collecting container (4), a U-shaped
tube (19), which acts as a collecting trap for liquid

30 remaining in the sewer, sewage collected in the trap
subsequently being available to form a liquid plug.

9. A system according to any of the preceding claims,

* c L M s *




or Iess,lxaf ter Is led to the toilet bow and 35 practically at the
sametlme ¢ed | a of the toilet bow is open Ihe partial
vacuum pr ewer pipe 2 then causes the at mosphgriHIS [SHEES Y, %@5
push the d other matter present in that toil Tt bovm_:pm pt
sewer pipe 2, in mhlch a sewage plug noving at high speed,

This plug, or possibly a plug created earl ngr-in the sewer pipe noves
rapidly into a curved tube 9 connected to the collecting container 4. The
t ube 9 oper at @aaaca:a:e.ysadatlngtﬁetl dthedudry oroharyacianchpummt 59 hasviser

than air, bec%ggﬁtl%ba&g Sadct! P8a Qe o‘fﬁ%é:rt' }upgf{ é&rt%% cbilggagﬁ tQoddidin de

of 10 the cur I S outwar centre vat ure,

while air predént Fhgepughe whigh Ousds (Fad GA§ @@%‘ﬁ@téﬁlﬂle‘c‘?ﬁtiwléu?‘b)ed-s

tube 9 facingpiks @RI ¥ €p a&t&wiva;awxﬁm Thatisd deiofiihge atst#eﬁll &s under
contacti ng he contai ner 4,and i s pr,ovi ded t.h agﬁ gur s .12t {_‘ q{ whi ch
the air | DERSSYEE 19UFiRE ($PWN%ct PR ddht GPA ITIRG, o FRG, farum

sewage pI ug, Heneirag ingwphaidesr thleoaly, £pawsesomntive t del bedt gt icghtainer
container 4 malylyt 3genthaldei d S YhSf bl | @) WV € the pump (5)
through a moisture separating device (6), which preferably
also works as a means protecting the system from overfilling

10 of the collecting container (4).

=

10. A method of operating up to 60 toilet bowls (1), in
a vacuum sewer system, which method involves evacuating sewage
material (17) from the bowls into a collecting container (4)
via sewer piping (2, 3, 9) using vacuum pumping means (5)
15 creating sub-atmospheric pressure in the container and piping,
characterised in that the vacuum pumping means is a dry rotary
vane pump (5) connected via a moisture trap (6, 24) to said
collecting container (4), and in that the dry rotary vane pump
(5) is also used for periodically generating supra-atmospheric

20 pressure in the container (4) for emptying the same.

* [ L M S *



marking'the end of the tube 9. The sewer pipes 2 |eading fromthe toil et
bows 1 20 communicate with the end tube 3, i'n which there is provided a
U-shapéd curve 19 formng a liquid-collecting trap. In this trap at |east a
part of any liquid remaining.in the sewer pipe is collected, form ng there
a liquid plug, which ensures that each sewage discharge whi ch passes into
the curved tube 9 25 includes a liquid pl-ugqa The | evel of sewage 17
preferably does not rise to above half the depth of the collecting
contai ner 4 so that sewage can enter thABSTRAGMTner 4 wi t hout excessive

spl ashi ng, because the apertures 12 and 9a of the separating device created
by 30 the tube 9 are al ways above the sewage IeveI A | evel nonitor 16 is
provided in the collecting c¥HEUM SEWER, S¥STEN, AYD MEREOD punt of sewage
17 present. The sI|d|ng vane punp 5 generates air floms when partlal
vacuumis generate as mhenpgressure i s generated

contai ner 4. By neahs® b‘F‘P{'ﬁglﬁﬁir VEGHER APETssy t?rﬁecomprgses %2 [fnitea
number of toilet bowls (1), preferably at the most 60 toilet

5 bowls, which through a sewer pipe (2) are connected to a
common sewage collecting container (4), and means for
generating and maintaining a considerable partial vacuum in
the sewer pipe (2) and in the collecting container (4). The
sewage collecting container is a relatively small reservoir

10 (4) which has to be frequently emptied and the volume of which
is preferably at the most 100 litres. A dry sliding-vane
rotary vane pump (5) including a protective liquid separating
means (6, 9) operates as a partial vacuum generating device
which includes a rigidly installed tube and valve system (6a,

15 8, 21, 22) by means of which the pressure side of the dry
rotary vane pump (5) periodically can be connected to the
collecting container (4) for emptying the container to another
location by means of the pressure created by the sliding-vane

pump (5).




collecting container end of the tube 6a, these air flows are |led along the
surface of the level nonitor 16, whereby the nonitor is cleaned of matter
that m ght possibly stick to it. The liquid separator 6, shown only
schematically, forces 5 the air flow flowing through it to the punp 5 to
make-several sharp changes in flow direction, whereby, because of the
action of centrifugal force, any quuiq Srops present are separated from
the air. The velocity of the air fIOM/tK ough the separating neans 6 is

al so essentially slowed down at the 10 points, where the cross-sectional
area of the flow duct is large, which also is likely to cause a separating

out of water drops flowng with the air. The separated liquid flows
t hrough the | ower part of jthe tube 6a back to the cm nt ai ner 4.
If the collecting containgr 4, in the case of 15 a di Mce is filled

up totally, in other wordg to such a high level that the liquid |evel rises
up to the device 6, a flogt 24 present therei | oses the connection to the
upper part of the pipe 6a| This prevents thefl'iquid fromrising higher than

t he device 6. 20 Thel} cylindri c{ g container 4 has in the
enbodiment illustrated a glightly oblique 4] sposijtion, so that its
| ongi tudi nal axis 13 fornﬁ an angl e A to t ver{i cal .
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This erldsures the inlet end 14 of the outlet tube 8 of the collecting
container 4 is in close vicinity to the | owest part 25 15 of the obliquely

nount ed col | ecti ng contai ner 4.
col | ecting contai ner
anount of sewage remaining therein at the point 15,
and separating device 25 for, for

smal |

enptyi ng operation.
exanpl e, condensed |iquid,

mai nly verti cal

known manner by neans of parti al

is effectively conpletely enptied,

30 A collectin

vacuum

is shown connected to the | ower
tube 27. Any liquid collected in the device 25 is,
| ed through a punp 27b to the

This gives the advantage that the

only an extrenely
following a full

end of the
in a

sewer 3 and therethrough to the 35 collectin

cont ai ner 4.

In the device

25 one nay use - 10 - technical solutions t he ki nd shown in
US- A- 4057076, US-A- 4280528, SE-B-398654 or gB—A—l 26q1. The operation of
t he vacuum sewer syste e=p ube and Tve systgm ifs Itored and
controlled by a cont rmg 23, recediling, thrdqughl-eT#ttric cables 26,
data relating to
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the operational conditions of the different units of the system Sonme of
this data is provided by a pressure controlled relay 35 connected via a
tube 33 to the sewer 3 downstream of the check valve 10 or directly to the
container 10 4. Also shown is a pressure gauge 34 connected in parallel
with the relay 35. Figures 2 and 3 show how the conponent parts of a system
according to the invention, in other. the parts 3-29 and 33-35 of
Figure 1 may be arranged in a prefabricated nodule 15 having a frane 30 for
nounting the described equi prent and for fixing the conponent parts in

pl ace. A nounting nodule of this kind can be designed to be so conpact that
it requires a floor area of less than 0.5 [err]. T ] Fggn I S not
limted to the enbodi nents 20 illustrated since rati ons and

nodi fication thereof a;%ﬁLeasLbLg_mLLhLiﬁshe scope of the foll ow ng clains.
Thus, for exanple, alt gh a sliding-v rotary punp has been shown
schematically in Figurg 1 a F referred to s integer 5 in the foregoing

speci fic description, pny other itabl e fendP5 of dry rotary vane punp is
not ruled out in the pfactisinggof the invention.
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CLAI M5 1. A vacuum sewer system conprising a plurality of toil ﬁy& HEE
(L), preferably at the npst 60 toilet bow's, which through a sewe Q$E hthyTS

are connected to a conmon sewage col |l ecting container (4), and neans for
generating and mai ntaining a considerable partial vacuumin the se r, M
pipe(2) and in the collecting container (4), the sewage collecting AY 1998
contai ner being an internedi ate storage reservoir (4) which has to be
periodically enptied and the volune of which |s preferably at the nost 100
I|tres characterised in thgt ‘ ) JSRERALA N9 means conpri ses

a dry rotary vane punp (5) BT & pr-t e ”-?“- separati ng neans
(6, 9), inthat arigidly installed tube and valve system (6a, 8, 21, 22)

s connected (o | BP0 LYING PEEST Wikl B RO YUl Bx ANe

punmp (5) perlodlca y~Can be connected to the o alner
enpt yi ng t hefeanttalidats ;egrndiang | v athenpopambins o & ‘mrkséﬁ¢et@réated

by the dry rabah}édV%@ec@%rﬂaLﬁ%}: saed iah shidtlent RR CHREMgPIERE T H? Jor@fanbie
toilet bows %1) are nected to the colllecting container (4) through a
comon end t@Q S@I‘? Eomieguiian bd)Smh1h 58hed2501 | ect i ng cont ai ner (4)

via a separating deV|ce (9), in which air _

Nowadays ships almost invariably use vacuum sewer
toilets. The bowls of such toilets are connected, through a
normally-closed sewer valve, to a sewer pipe that is kept
under a considerable partial wvacuum. Modern marine vacuum
sewer systems are almost without exception devised according
to US-A-4034421. This kind of system is well suited for
systems including a large number of toilets, but is
unnecessarily expensive in ships where the number of toilets
is relatively small. For instance, freighters or cargo ships
usually have only between 5 and 40 toilets. An inexpensive,
easy to install and reliable toilet vacuum sewer system for
this kind of ship has not been commercially available
heretofore.

This invention seeks to provide a simplified vacuum sewer
system with low manufacturing and installation costs that is
well suited for use in vacuum sewer systems in which the
number of toilet bowls is clearly less than 100 units and in
which it is unlikely that very many toilet bowls will be
flushed at the same time. The invention has particular, but
not exclusive, application to ships. What constitutes the
invention is defined in the following claims 1l and 8.

It is known to use a liquid ring pump for generating a
partial vacuum in a sewer system, where moisture and dirt
abound. A liquid ring pump utilises an eccentrically rotating
ring of liquid which effects the volume increase and decrease
of a pumping space in the pump. Such a pump is reliable and
operates well, but its efficiency rate is low, which means
that its power demand is high. Additionally, a liquid ring



acconpanyi ng the sewage in the sewer pipe can be drawn off, th
reducing the flow speed of the sewage before the sewage arri ve?ﬁﬁpﬁMENTSHEH

interior of the collecting container (4) through the outlet - -opening (9a) of
t he device (9). 2. A system according to claim1, characteri seddi h Mkhtfggg
the collecting container (4) is cylindrircdl -and the separating device (9)

of the sewer _end tube is a curved tube (9) contacting the circunferenti al

surface (11)5%F°%he col l ecting container (4), preferably at its outside,
whi ch tube (9), at the side that is closer to its centre of curvature, has

a plurality of apgriyies dil2). 9PBLoAct 0ohD2s AOL YA O vOLulRE &AL eotiag

cont ai ner (4), T hr oug I'Ch apertares air separated fromthe sewage can
pass into t hkceoriingerto 3.the A igymmdmer coidfithg heo Emmitied ardaddvedysed

in that the fongiémeipal 18xiss (d83iphpile hdd n@lﬁéc@mpftglihgctﬂzﬁacéwt ainer

is offset (A) froma vertical position and that the tube (9) working as a

separati ng FURAE RS T RISy tﬂ@vdmmlg s GrPiden fot%he

col l ecting crmd aicodlewicihga dontwiriel si@peprovided.  Therefore, it is
helpful that there be a fixed tube and valve system, by means
of which the collecting container is emptied. According to
the invention, the dry rotary vane pump of the vacuum sawer
system is also used in the emptying phase of the collecting
container, the suction side of the pump then being caonnected
to the ambient air and the pressure side of the pump to the
collecting container, whereby the pump pressure empties the
container. Becauses the dry rotary vane pump is used both for
producing vacuum and for emptying the collecting container,
the number of elements in the vacuum sewer system may be
minimised and the production costs of the system, and
particularly the cost of a prefabricated module theresfor, can
be kept low.

Because -it is important that moisture is not sucked into
a dry rotary vane pump, one must pay. close attention as to how
the sewage is to be drawn into the collecting container.
Splashing should be avoided, because it may cause liquid to
be sucked into the vacuum pump. Therefore, the sewer pipes
of the toilet bowls are connected to the collecting container

through a common end tube, that is connected to the collecting
container so that the liquid sewer flow into the collecting
container takes place as peacefully as possible. Thig is
accomplished by connecting the end tube of the sewer pipe to
the collecting container via separating means, in which the
sewage is separated from the air accompanying it. In this way
the flow speed of the sewage is reduced before the sewage
arrives in the interior of the collecting container. The
collecting container may be cylindrical and the end tube of

the sewer pipe may be mounted to lie against the



4. A system according to claim3, characterised in that in t REpcah i ng
cont ai ner—(4)—there:is an outlet tube (8), the inlet end (14) of %%\ﬁﬁ\igﬁﬂﬂ

in closeﬂci nw to the | owest part (15) of the obliquely nount
i
i

col | ecti mn HU"MP’"LSt - A system according to any ofzdtlmyrﬂggm
a

to 4, c M in the collegting container (4) there is a
l'evel nonitor (16) whfch*is arranged to transmt a signal activating an
enptyi ng sequence, when the coll ecti ngChAZMEi ner (4) contains sewage (17)
to a pre-set depth below the outlet opening (9a) of the device (9). 6. A

system according to ﬁx,a%ugnhge%gc L g, %Ioﬂlbgﬁgiﬁgaé ELF]htlﬁrail %S’e%tei %cgﬂeii. n

the end tube (3)" of e sewer pi pe ere is, se"tothe co
contai ner (hwlsa (HSshppedetaby (dt9)thenmiosh a0t isoiketa booillsgctvhihght thpotigin

liquid remaining in the sewer, sewage collected in the trap subsequenil
“bei ng avai 1abFee% PEPM 42) i Gaed ARGCeted top %y%?‘@ﬁ?’hc%%‘f’%‘?lgc?ﬁ%ﬁ?l%‘%/

t he precedié&l&iﬂgﬁ, (@géir gl ®r meaflsl NedPaAlgende a8l Ngl O Y m43Re aRRARg( 53
has a single air duct (6a) connecting it to the col ?ectl ng contai ner (4),
t hr ough whicnsdulstrads) pdmeticd | eetuwry donttdiencseyey p'spgzm ugodr izarehel

O CaR el a e PLERRU & S Ao RN 0928
an intermediate storage reservoir (4) which has to be periodically
emptied and the volume of which is preferably at the most 100
litres, characterised in that the partial vacuum generating means
comprises a dry rotary vane pump (5) including a protective liquid
separating means (6, 9), in that a rigidly installed tube and
valve system (6a, 8, zi, 22) is connected to the pump so that the
pressure side of the dry rotary vane pump (5) periodically can be
connected to the collecting .container (4) for emptying the
container to another location by means of the pressure created by
the dry rotary vane pump (5), and in that the sewer pipes (2) of
the toilet bowls (1) are connected to the collecting container (4)
through a common end tube (3), which communicates with the
collecting container (4) via a separating device (9), in which air
accompanying the sewage in the sewer pipe can be drawn off,
thereby reducing the flow speed of the sewage before the sewage
arrives in the interior of the collecting container (4) through

the outlet opening (9a) of the device (9).

2. A system according to claim 1, characterised in that
the collecting container (4) is cylindrical and the separating
device (9) of the sewer end tube is a curved tube (9) contacting
the circumferential surface (11) of the collecting container (4),
preferably at its outside, which tube (9), at the side that is
closer to its centre of curvature, has a plurality of apertures

(12) opening to the interior of the collecting container (4),



RFPLA 3 flow fromthe collecting container (4) iRERKAGEMENT SHEET
direction to the punp (5) i1s through a noisture separating devi ge,(
251 MAY 1995

whi ch pr Em'k, rises a nmeans protecting the systemf
overfilll c ! mmmﬂﬂ). ng contai ner (4). 8. A et hod of operating up

to 60 toilet bow & (1),* i n a vacuum sewerisystem , which method invol ves
evacuating sewage material (17) fromthe bows into a collecting container
(4) via sewehrpughnghiéh 8peBiubss caimtseppraitedtimsplie cowages waa pasishe
container and piping, characterised in that a dry rotary vane punp (5)
connect ed v?‘ﬁtg ﬁ%?s WP (6, 24) to said collecting container (4) is
used as vacuum punpi ng neans, in that the dry rotary vane punp (5) is also

used for periodigal |l yagepetaini BgceuPing at FOSDAET | Z, pilesddtRedikddan that
cont ai ner (4{1 for enptying the sanme, and in that sewage_ flows fromthe .
sewer pi pesthe)lengitndingl axinoii3d ¢l cheocyhindsl sak Erhdeebingidratalaer
through a coumupegad i s %'9&@9@%8@{@%&éﬁatéﬁaeokhs%heg (9)
cont ai ner ( via a separating device ,on I'ch alr acconpanyi ng the
sewage working as a separating device is mounted to follow the

circumferential surface of the collecting container with a

downward slope.

4. A system according to claim 3, characterised in that in
the collecting container (4) there is an outlet tube (8), the
inlet end (14) of which is in close vicinity to the lowest part

(15) of the obliquely mounted collecting container (4).

5. A system according to any of claims 1 to 4,
characterised in that in the collecting container (4) there is a
level monitor (16) which is arranged to transmit a signal
activating an emptying sequence, when the collecting'containei (4)
contains sewage (17) to a pre-set depth below the outlet opening

(9a) of the device (9).

6. A system according to any of the preceding claims,
characterised in that in the end tube (3) of the sewer pipe there
is, close to the collecting container (4), a U-shaped tube (19},
which acts as a collecting trap for liquid remaining in the sewer,
sewage collected in the trap subsequently being available to form

a liquid plug.

7. A gystem according to any of the preceding claims,
characterised in that the dry rotary vane pump (5) has a single
air duct (6éa) connecting it to the collecting container (4),
through which duct (6a) the collecting container (4) is put under
partial wvacuum during filling as well as under pressure during

emptying, and in that during the vacuum generating phase, the air



-

I's drawn off, thereby reducing the speed of the sewage before t -

akrives |ﬂ,ﬂ ”’ﬂﬂ" ' container (4) through the outl et Open:"lﬁgpﬁ%gggEmSHEET

t he devi ce® Iﬁm”HNhOd according to claim8, characteri sed?i ! ,ﬂ@t%
e"createqd

in the enptying'‘ph8sesof=the collecting container (4), the pressu

by the dry rotary vane punp (5) is arrang®d to be Ied to the collecting

cont ai ner (421 in the formof arelatively rapid air row;via 18) that is
R

directed aghtR¥t fEOMefbe REALEEELRIETOREAIRS R INGIR HqoHitast 1076 )Eof (the
matter sti Cfﬁﬂg L@y tig through a moisture separating device (6), which
preferably also comprises a means protecting the system from

overfilling of the collecting container (4).

8. A method of operating up to 60 toilet bowls (1), in a
vacuum sewer system , which method involves evacuating sewage
material (17) from the bowls into a collecting container (4) via
sewer piping (2, 3, 9) by creating sub-atmospheric pressure in the
container and piping, characterised in that a dry rotary vane pump
(5) connected via a moisture trap (6, 24) to said collecting
container (4) is used as vacuum pumping means, in that the dry
rotary vane pump (5) is also used for periodically generating
supra-atmospheric pressure in the container (4) for emptying the
same, and in that sewage flows from the sewer pipes (2) of the
toilet bowls (1) to the collecting container (4) through a common
end tube (3) which communicates with the collecting container (4)
via a separating device (9), in which air accompanying the sewage
is drawn off, thereby reducing the speed of the sewage before the
sewage arrives in the collecting container (4) through the outlet

opening (%a) of the device (9).

9. A method according to claim 8, characterised in that in
the emptying phase of the collecting container (4) , the pressure
created by the dry rotary vane pump (5) is arranged to be led to
the collecting container (4) in the form of a relatively rapid air
flow (via 18) that is directed against a level monitor (16) for

cleaning the monitor (16) from matter sticking to it.



