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(54) Membrane controlled vacuum sewer system

(57) In a vacuum sewer system the vacuum
required for transport of waste material from a waste-
producing unit (1) via a sewer valve (2) into a sewer pipe
(3) is generated in the sewer pipe (3) by connecting the
sewer pipe (3) to a pressure chamber (9) which con-
tains a movable air-impermeable membrane (11). An
ejector (8), operated by compressed air, can be used to

collapse a bellows-type membrane (11) in the pressure
chamber (9) to draw waste material into the sewer pipe
(3). Subsequent re-expansion of the membrane (11)
can be effected with compressed air or by resilient
means (19) to aid in expelling waste material from the
sewer pipe (3) into a discharge tube (5).
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Description

This invention relates to a vacuum sewer system of
the kind referred to in the preambile of claim 1.

One problem in vacuum sewer systems is that the
sewer pipe must be kept under a considerable partial
vacuum in order to generate the transport function typi-
cal for such sewer systems, whereas the sewage col-
lecting tank should desirably be under atmospheric
pressure, because the demands on tank strength are
then lower and emptying of such a tank is a simpler pro-
cedure. Known solutions for obtaining such an arrange-
ment are relatively complicated and expensive, see US-
A-4,184,506, US-A-4,297,751 and US-A-4,034,421.

Another problem in vacuum sewer systems is that
air drawn from the sewer pipe has a bad odour. Air filters
have been used as a remedy, (EP-A-555984), but such
filters are expensive and their effective life-time is rela-
tively short.

An aim of the invention is to simplify the equipment
needed in small vacuum sewer systems for toilets,
where the collecting tank is kept mainly at atmospheric
pressure. This aim is secured by the means disclosed in
claim 1. The basic idea is to make the portion of the
sewer pipe that is put under partial vacuum very short
and to compensate for the radical decrease in available
vacuum volume caused by the shortness of the sewer
pipe by connecting a pressure chamber containing a
movable air-impermeable membrane to the sewer pipe.
By means of controlled pressure activation of the mem-
brane every phase of the transport of waste material
from a toilet or the like to a collecting tank can be carried
out in a convenient manner.

The portion of the pressure chamber between the
membrane and the short sewer pipe can be considered
as the "unclean portion” and the portion on the opposite
side of the membrane can be considered as the "clean
portion". The short sewer pipe is normally, at its
upstream and downstream ends, closed by shut-off
valves. Under these conditions, removing air from the
clean portion of the pressure chamber expands the
unclean portion to a balanced position, in which the
pressure on both sides of the membrane is the same.
This produces a partial vacuum in the short sewer pipe.
In this state the system is ready to receive a baich of
waste material from a toilet or other waste-producing
unit connected to the short sewer pipe. The shut-off
valve at the upstream end of the short sewer pipe (ie the
sewer valve) may now be opened. It is of advantage that
there is still some available free space in the clean por-
tion of the pressure chamber, so that continued expan-
sion of the unclean portion of the pressure chamber can
take place. Such continued expansion arises when the
pressure in the short sewer pipe increases as waste
material and air from a toilet bowl or the like flows into
the sewer pipe. This continued expansion makes the
emptying of a toilet bowl or the like significantly more
efficient. The means decreasing the pressure in the
clean portion of the pressure chamber should preferably
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be active during the entire emptying phase, that is, all
the time the sewer valve is open. It is feasible and in
many cases also desirable that a portion of the waste
material drawn from a waste-producing unit is taken up
by the unclean portion of the pressure chamber.

When the unclean portion of the pressure chamber
has achieved its maximum expansion, the sewer valve
may be closed and the shut-off valve at the downstream
end of the short sewer pipe may be subsequently
opened. The waste material may then flow freely due to
gravity or, alternatively, the clean portion of the pressure
chamber may be pressurized to drive the material from
the sewer pipe. The membrane transmits the pressure
existing in the clean portion of the pressure chamber to
the unclean portion including the short sewer pipe,
where the rising pressure enhances the flow of material
out from the short sewer pipe. Such a flow-enhancing
pressure may also be obtained by resilient means (eg
by having a spring acting on the membrane for urging
the membrane back to its initial position).

Since the entire control of the vacuum sewer sys-
tem is carried out from the clean portion of the pressure
chamber, only clean air is used for flow control and the
risk for transmitting bad odours to the surroundings is
thereby minimized. However, all the advantages typical
of a vacuum sewer system are still enjoyed. Typically,
the waste transport is rapid and effective, is easy to con-
trol and may take place through a small diameter sewer
pipe and even in an upward direction, if required. For
toilet bowls, a recommended sewer pipe inner diameter
is between 40 and 50 mm.

There are known systems which operate in a man-
ner somewhat similar to that of the invention. The Dan-
ish company Semco Odense AS markets a vacuum
sewer system called SEMLET, in which a pump-like
arrangement is used that, like a diaphragm pump or a
piston pump, has a moving pump element driven by a
mechanical member to cause a pump siroke that
expands a space connectable to a toilet bowl on open-
ing of a sewer valve. When a certain expansion of the
space has occurred, a substantial vacuum has been
created in the space. Then the sewer valve is opened
and the toilet bowl is emptied in a manner typical for
vacuum sewer systems. The expansion of the space
may continue after the sewer valve has been opened.
When the toilet bowl has been completely emptied, the
sewer valve is closed, and subsequently a closed valve
present in the sewer pipe downstream of the pump is
opened. The pump element now moves in the opposite
direction and carries out a pump stroke compressing
the space, thereby pressing sewage out from the space.
This kind of pump-like arrangement can be distin-
guished from an arrangement according to the inven-
tion, in which a membrane, controllable by pneumatic
forces to take different pressure balance positions, con-
trols the whole process.

In a system according to the invention it is advisable
to dimension the pressure chamber and the membrane
so that the movement of the membrane causes a
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change of volume in a range or about 2 to 15 litres, pref-
erably 5 to 10 litres. This change in volume is well suffi-
cient for a system with one toilet bowl. If two toilet bowls,
for example, situated at opposite sides of a separating
wall, are connected to one sewer system according to
the invention, a somewhat larger change in volume in
the pressure chamber is recommended. Alternatively,
the emptying functions of the toilet bowls may be con-
trolled so that both toilet bowls cannot be emptied at the
same time.

It is recommended to maintain the means for reduc-
ing the pressure in the clean portion of the pressure
chamber in operation for at least as long as the sewer
valve is open. The pressure reducing means may be an
ejector driven by compressed air. Such an ejector can,
in a few seconds, produce a vacuum causing the
desired expansion of the unclean portion of the pres-
sure chamber. Usually, such an ejector is driven by an
air pressure of approximately 4 to 6 bar gauge and is
able to decrease the pressure in the pressure chamber
to less than half an atmosphere, which is quite sufficient
for emptying a toilet bowl. The most convenient manner
of operating the ejector is to activate it separately for
each emptying of a toilet bowl or other waste-producing
unit. In a system according to the invention, the ejector
needs about 8 to 35 litres of air (the volume being calcu-
lated at room temperature and atmospheric pressure).
In a well adjusted system, 10 to 15 litres of air are nor-
mally sufficient.

The membrane of the pressure chamber is prefera-
bly arranged in a pressure vessel of substantially circu-
lar cylindrical form. It is convenient to use a membrane
in the form of a sack with bellows-like folds. The open
end of the sack can be attached to the end of the pres-
sure vessel that is remote from the sewer pipe. The
folds of a bellows-type membrane may lightly touch the
cylindrical inner surface of the pressure vessel. In this
way the folds provide a scraping function that keeps the
cylinder wall clean. In order to enhance this function, the
outwardly directed folds may be provided with stiffening
rings or the like, the purpose of which is to prevent a
reduction in the outer diameter of the folds during the
movement of the membrane, so that the contact
between the folds and the cylinder wall is maintained in
all positions of the membrane. In order to additionally
improve the efficiency of the scraping function of the
membrane, the closed end of the sack may be provided
with a peripheral flexible lip sliding with some outward
pressure against the cylinder wall.

The membrane may be so rigid that by itself it has a
spring function, but it may also be urged towards its
expanded condition by a separate spring member.
Other embodiments of the membrane are also feasible.
The membrane may, for example, be formed as a parti-
tion wall or as an expansive pipe. It may be expansive,
foldable or rollable. For obtaining a suitable guided
movement of the membrane, it may be provided with
some stiffer portions reducing the flexibility of the mem-
brane at points where less movement is desired.
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The sewer pipe may be so short that its connection
to the pressure chamber takes up almost the full length
of the pipe. In that case the unclean portion of the pres-
sure chamber will partly act as a temporary waste-col-
lecting chamber for at least a portion of the waste
material drawn from a waste-producing unit during an
emptying cycle.

The invention will now be described in more detail
with reference to the accompanying drawing, in which

Fig. 1 shows a schematical illustration of a vac-
uum toilet system according to the invention,
and Fig. 2 shows the portion A of Fig. 1 on a larger
scale.

The vacuum toilet system shown is intended for
installation in a passenger transport unit such as a rail-
road car, a bus or the like. Vacuum is generated sepa-
rately just before each emptying of the toilet bowl. The
system includes a toilet with a toilet bowl 1 that is con-
nected to a short sewer pipe 3 through a normally-
closed sewer valve 2. The sewer pipe 3 is in free con-
nection with a portion 7 of variable volume in a chamber
9 and is closed at its downstream end by a valve 4 that
separates the short sewer pipe 3 from an extension 5
thereof that leads to a collection tank, an outlet or the
like (not shown).

The vacuum generator of the system is an ejector 8
that extracts air from a pressure chamber 9 through an
evacuation duct 10. The inner space of the pressure
chamber is divided by a movable rubber membrane 11
into two portions. The portion 7 (which is an unclean
portion) and a clean portion 14. The ejector 8 is driven
by pressurized air received from a compressed air net-
work 17 via a solenoid valve 12. The compressed air
network 17 is also connected to another solenoid valve
16 operable to pressurize the clean portion 14 of the
pressure chamber with compressed air. The air feed
duct 18 of the ejector is controlled by the valve 12 and
the evacuation duct 10 is controlled by a solenoid valve
6. For avoiding excessive pressurization of the pressure
chamber 9, the flow duct passing through the valve 16 is
provided with a pressure reduction means 16a. All the
valves mentioned are remote controlled. A flush button
13 arranged at or near the toilet bowl 1 is connected to
a control unit 24 that controls the different functions of
the system by operating the remote controlled valves of
the system.

A toilet emptying sequence is started by operating
the flush button 13. Thereby an impulse is sent to the
control unit 24 which opens the valve 12 and allows
compressed air to flow through the ejector 8. This cre-
ates, in a few seconds, a partial vacuum of approxi-
mately 60% of atmospheric pressure (absolute
pressure approximately 0,4 bar) in the clean portion 14
of the pressure chamber, which moves the membrane
11 upwards to a pressure balance position 11a creating
essentially the same vacuum in the space portion 7.
The sewer valve 2 is now rapidly opened and the waste
present in the toilet bowl 1 is instantaneously pressed
by the atmospheric pressure into the sewer pipe 3. This
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causes a rise in pressure in the pipe 3 and in the space
portion 7, that causes the membrane 11 to move further
upwards to a position 11b. This second movement will
be faster and more positive if the ejector 8 is still operat-
ing during this phase. A less favourable alternative is to
disconnect the ejector 8 when the maximum vacuum
level has been reached and the valves 6 and 16 are kept
closed.

When all the waste has been removed from the toi-
let bowl 1, the sewer valve 2 is closed and the valve 4 is
opened. The sewage present in the pipe 3 and the
space portion 7 may now flow into the pipe 5. Further
transport of the waste material may be enhanced by
pressurizing the portion 14 of the pressure chamber
space. An alternative is to provide a pressure spring 19
urging the membrane downwards and/or to use a mem-
brane that itself functions as a pressure spring. In that
case pressurizing of the space 7 is obtained merely by
closing down the ejector 8 and by keeping the valve 6
open, provided that the ejector 8 allows ambient air to
flow into the portion 14 when the ejector is closed down.
If this is not possible, another air flow duct must be pro-
vided. If the portion 7 is not pressurized, or is pressu-
rized only by means of a spring force, the valve 6 may
be totally omitted as well as the valve 16 and its piping.

A bottom portion 15 of the membrane 11, forming
the upper boundary of the space portion 7, is preferably
made of thicker material. It may then provide a suitable
support for a pressure spring 19 arranged to urge the
membrane 11 downwards should such a spring be
required.

The presence of a spring 19 and/or the inherent
rigidity of the membrane 11 results in the pressure on
opposite sides of the membrane 11 not being exactly
the same in the pressure balanced positions of the
membrane but this usually has no significance for the
functioning of the arrangement.

Fig. 2 shows how each outer fold of the membrane
11 can be provided with a strengthening ring 20 of steel
or some other suitable material. Without such rings, the
outer diameter of the folds can decrease during axial
expansion of the membrane so that contact between the
membrane folds and the wall of the pressure chamber 9
will be lost. The rings 20 keep the outer diameter of the
folds practically constant. At the lowermost outwardly
directed fold there is a peripheral lip 21 that slides
against the inner surface of the pressure chamber and
clears it of any impurities drawn in from the sewer pipe
3.

In connection with an emptying sequence, the toilet
bowl 1 is provided with a desired amount of rinse liquid
for rinsing and cleaning the inner surface of the bowl.
This arrangement is not illustrated because it is known
art and is not part of the inventive concept.

The invention is not to be considered as being lim-
ited to the embodiment illustrated since several varia-
tions thereof are feasible including variations which
have features equivalent to, but not necessarily literally
within the meaning of, features in any of the following
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claims.

Claims

1.

A vacuum sewer system including at least one
waste-producing unit (1), for instance a toilet bowl,
with an outflow opening and a normally-closed
sewer valve (2) near the outflow opening, which
sewer valve directly connects the unit (1) to the
upstream end of a short sewer pipe (3) having at its
downstream end another normally-closed valve (4)
and being, between the valves (2,4), in connection
with a chamber (7) of variable volume, which cham-
ber together with the sewer pipe (3) is provided with
means for generating therein, when said valves
(2,4) are closed, a partial vacuum of such a magni-
tude, that waste material from the unit (1), in a
momentary manner, is pressed into the sewer pipe
(3) by the pressure of ambient air when the sewer
valve (2) is opened, characterized in that the
means for generating partial vacuum includes a
flexible membrane (11) movable in a pressure
chamber (9), of which a first portion (7) forms the
chamber of variable volume, said membrane (11)
being on its side remote from the first portion (7) of
the pressure chamber subjected to the influence of
operating pressure fluctuations causing, when the
operating pressure is reduced and said valves (2,4)
are closed, the membrane (11) to move to a pres-
sure balance position basically determined by the
pressure difference prevailing across opposite
sides of the membrane (11) thereby creating said
partial vacuum in the first portion (7) of the pressure
chamber, and in the sewer pipe (3) and in that, sub-
sequently, when said operating pressure is again
increased and the sewer valve (2) is closed said
another valve (4) at the downstream end of the
sewer pipe (3) is open, the membrane (11) is
caused to move back towards its initial position,
thereby, if the membrane is loaded, generating an
overpressure in the sewer pipe (3) for enhancing
further transport of waste material present in the
sewer pipe (3) by means of said over pressure.

A system according to claim 1, characterized in
that, when the membrane (11) is in its pressure bal-
ance position, there is a free space portion (14) at
the operating pressure side of the membrane allow-
ing the membrane (11) to move further in a direc-
tion enlarging the first portion (7) of the pressure
chamber, when the pressure in the first portion (7)
increases under the influence of waste material and
air entering the sewer pipe (3) while the sewer valve
(2) is open.

A system according to claim 1 or 2, characterised
in that the membrane (11) has a freedom of move-
ment which allows volume changes in the pressure
chamber (9), on each side of the membrane (11), in
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the range 2 to 15 litres, preferably 5 to 10 litres.

A system according to any preceding claim, char-
acterised in that the means providing pressure
operation of the membrane includes a device (8) for
providing partial vacuum, which device (8) is
arranged to be in operation for at least substantially
the whole time the sewer valve (2) is open and pref-
erably is arranged to decrease the operating pres-
sure acting on the membrane (11) to at least
approximately half the pressure of the ambient air.

A system according to any preceding claim, char-
acterised in that the means (8) for generating par-
tial vacuum in the sewer pipe (3) is arranged to be
activated immediately before each desired empty-
ing of the unit (1).

A system according to any preceding claim, char-
acterised in that the system includes an air driven
ejector (8) as the source of partial vacuum.

A system according to any preceding claim, char-
acterised in that the membrane has the form of a
folded bellows (11) moving axially in a substantially
cylindrical pressure chamber (9), the folds of the
bellows preferably receiving guidance by contacting
the cylindrical inner surface of the pressure cham-
ber (9).

A system according to claim 7, characterized in
that at least some of the outwardly directed folds of
the bellows (11) are provided with strengthening
rings (20) or the like, which cause the outer diame-
ter of the folds to remain substantially constant dur-
ing the movement of the bellows.

A system according to claim 7 or 8, characterized
in that the bellows, at its movable end facing the
first portion (7) of the pressure chamber, is provided
with a flexible peripheral lip (21) sliding against the
inner surface of the pressure chamber (9).

A system according to any preceding claim, char-
acterised in that the membrane (11) itself acts as
a spring member, or is loaded by a spring member
(19), in a direction towards the first portion (7) of the
pressure chamber, thereby causing overpressure
therein and in the sewer pipe (3), when the operat-
ing pressure acting on the membrane (11) is the
same or closely the same as the pressure of the
ambient air.
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