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ABSTRACT

Sewer System

A suction toilet system including at least one, preferably
at least two, toilet means provided with a separate sanitary
trap (2) and connected to a separate sewer pipe (3), and
pressure reducing means for generating reduced pressure in
the sewer pipe(s). The pressure reducing means comprises a
separate pressure reducing device for the or each toilet
means whereby, for the or each toilet means, the associated
pressure reducing device (4) is connected to an associated
branch sewer pipe (3) in a manner allowing waste to be drawn
from the toilet means (1) and transported through the sewer
pipe (3), without hindrance from valves or other temporarily
sealing means, past the pressure reducing device (4) and

onwards to a disposal system under atmospheric pressure.

(With Figure 1)
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SEWER SYSTEM
This invention relates to a sewer system.

There are three basic types of known sewer systems in commercial use. The first and
most frequently used system is the conventional gravity sewer system in which waste water
flows by gravity through downwardly inclined soil or sewer pipes. The second type of
system is the pressure sewer system in which overpressure is used to transport waste water
through small-bore sewer pipes. This system is not widely used, although it has some
advantages over the first system, such as the use of pipes having small dimensions and the
possibility of laying pipes having upward pipe runs. The third known sewer system is the
vacuum sewer system which is based on lowering the pressure in the sewer pipe to about one
half of atmospheric pressure. The pressure difference between atmospheric pressure and the
reduced pressure in the sewer pipe is used to transport the sewage. The vacuum sewer system
has achieved large use in ships, aircraft and trains. Principally, it has the same advantages as
the pressure sewer system. Its disadvantages are that it is relatively costly and that the
sanitary units connected to the sewer must be separated from the sewer system by a normally

closed discharge valve, which may cause flooding problems.

This invention relates to a low vacuum sewer system, i.e. a type of sewer system
technically between the gravity sewer system and the vacuum sewer system, which today
has very little, if any, commercial use. Such a system is particularly intended for the
transportation of waste from a toilet which is connected, as in a gravity sewer system, to a
sewer via a sanitary or water trap. To empty such a toilet, a relatively low vacuum is
generated in the sewer pipe. In some known systems of this type, a sluice device has been
used as an interface between the vacuum area and a collecting container under atmospheric

pressure. However

25/07/02,1d10808 spe.dag, |
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such sluice devices have poor operational reliability
because of leakage caused by deposits on the sealing
surfaces of the sluice device. Patent publication SE 358196
describes a known low vacuum system where the generation of
a low pressure requires a check valve in the sewer pipe. It
has been found that such a check valve does not function
satisfactorily over a long run periocd of time. Furthermore,
it is difficult to prevent dirt from being drawn into the
evacuating ducts. These difficulties seem to have been
gufficiently great as to be detrimental in the marketing of
such devices according to the Swedish patent publication.
In general, known systems of this kind have been of such a
basic design that their operational reliability has
suffered. In general they have been marketed substantially
only as individual toilet units for summer cottages, holiday

homes or the like.

An aim of the present invention is to develop a
toilet system for buildings with several toilets, in
particular, but not exclusively, for multi-family houses,
hotels, hospitals or the like. The aim is to provide a
simple and operationally reliable toilet system that neither
requires expensive technical solutions typical of vacuum
toilet systems nor requires conventional sewer piping with
downwardly inclined, large diameter sewage tubes. On the
contrary, the sewer pipes should have a relatively small
bore and it should be possible to have pipe sections laid
horizontally for substantial distances and even to have some

short pipe sections laid in an upwards direction.

Another aim of the present invention is to provide a
toilet system in which the water consumption of the toilets
is reduced go much that it becomes economically profitable
to separate the toilet waste systems frxom other waste water
sewers and to subject the toilet waste to biological
treatment. This requires the amount of water from each
toilet flush not to exceed 2 litres, preferably not to
exceed 1 litre. This ensures that the dry substance’

contents of the toilet waste will be relatively high making
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it economically feasible to treat the toilet waste separately from other waste water.

A third aim of the present invention is to obtain an operationally reliable low cost
suction system for toilet emptying, in which waste liquid drawn from a toilet may flow freely
from the vacuum area to an area under atmospheric pressure without passing check valves or

other flow hindering means.

A fourth aim is that a system according to the invention should be capable of being
easily installed to enable the replacement of the normal gravity sewer system in buildings,
whereby the discharge end of the system should be directly connectable to the normal sewer

of the building or to a special sewer network for toilet waste.

According to the present invention there is provided a suction toilet system including
at least one, preferably a plurality of, toilet means provided with a separate sanitary trap, a
branch sewer pipe connected at one end to the sanitary trap and at an opposite end to a
disposal system under atmospheric pressure, and pressure reducing means for generating
reduced pressure in the branch sewer pipe, wherein the pressure reducing means includes an
air driven vacuum generator connected to the branch sewer pipe at said opposite end thereof
in a manner allowing waste to be drawn from said at least one the toilet means and
transported through the branch sewer pipe past the pressure reducing device and onwards to
the disposal system without hindrance from valves or other temporarily sealing means. It is
important for the application of the invention that each toilet means (i.¢. a toilet or other
sanitary unit) has its own sanitary trap, its own separate branch sewer pipe and its own
separate pressure reducing device or vacuum generator. Reduced pressure is created only
intermittently, i.e. separately for each desired emptying of a toilet means. The pressure
reducing device or vacuum generator must allow free flow of waste from the reduced pressure
or vacuum section of the sewer system to a section under atmospheric pressure. Suitable
designs for this purpose are described below. The branch sewer pipes of each toilet may be
joined to a common pipe downstream of the pressure reducing device of each toilet.

For practical use it is important that occasional small amounts of liquid may flow out
of a toilet without starting the normal emptying cycle based on vacuum generation. Thus, it
should be possible to empty a glass of water into a toilet bowl without any special measures

being required.

25/07/02,1d10608 spe.doc,3
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Since reduced pressure is generated separately for
each emptying function, it is important that the volume of
each branch sewer pipe within which the pressure has to be
lowered is not too large. On the other hand, a certain
minimum reduced pressure or vacuum volume is required to
achieve a sufficient vacuum capacity to ensure a reliable
emptying function. In order to provide a suitable volume,
it is recommended that the length of the branch sewer pipe
between each sanitary trap and the associated pressure
reducing device be from 2 to 50 m, preferably from 5 to 15

m. Toilet emptying through suction requires relatively

small-bore sewer pipes. The inner diameter of the sewer
pipe should therefore advantageously be no more than 65 mm,
preferably no more than $5 mm.

An air driven ejector, preferably a so-called on-line
ejector integral with the branch sewer pipe itself, has been
shown to be suitable in a system according to the invention.
The working medium for such an ejector is advantageously
supplied in the form of pressurised gas, preferably
pressurised air. 1In order to achieve a sufficiently rapid
pressure reduction, the ejector should preferably be
supplied for some seconds with working medium having a flow
of from 700 to 2000 1/min (litres per minute), preferably
from 1000 to 1500 1/min. The unit 1/min relates to a volume
that is calculated at a temperature of 20°C and at
atmospheric pressure. The dynamic pressure in the supply of
working medium to the ejector is advantageously from 7 to 40

kPa, -preferably from 10 to 30 kPa.

An on-line ejector of the type referred to is useful
because it allows toilet waste to pass easily through the
ejector. An ejector of a suitable type is described in EP-
A-0659948, This known type of ejector is intended to
generate a considerably stronger vacuum (lower absolute
pressure) than that which is required in a system according
to the invention, but a modification of the performance of
the ejector can be made by reducing the flow of the working

medium. The best operational reliability is usually
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obtained by connecting the ejector an angle to the sewer
pipe, so that the sewer pipe immediately before and after
the ejector forms an angle of at least 120°, preferably at
least 135°.

For the same reasons as described in EP-A-0659948, it
is recommended that there is a safety device, e.g. a relief
valve, upstream of the on-line ejector. The provision of
such a safety device prevents the pressure of the working
medium of the ejector from being transmitted in a back-flow
to the toilet means on occurrence of flow disturbances

downstream of the ejector. The safety device may also

include a pressure sensor that rapidly shuts off the flow of

working medium to the ejector if the pressure in the branch
sewer pipe upstream of the ejector exceeds a given threshold
value.

The ejector may be supplied with working medium by a
blower or the like installed as a ventilator of, for
example, the space where the sanitary unit in question is
situated. The exhaust air from the ventilator may then be
used as the working medium for the ejector, provided that
the ventilator is of sufficiently high power. Another
suitable source for the working medium of the ejector is
exhaust air from a central vacuum cleaning system, if such

a system is available.

Instead of using an on-line ejector or other pressure
reducing device (vacuum generator) allowing through-flow, a
pressure reducing device may be arranged off-line, e.g. in
a branch line connected to the branch sewer pipe. To
prevent waste liquid, moisture or dirt from being drawn into
the pressure reducing device, it is recommended to shut off
the pressure reducing device at an early stage of the toilet
emptying process. In this case means are required to
maintain the reduced pressure even after shutting off the
pressure reducing device. Such means may be provided by
designing the sewer as a stand pipe having its lower end in

a water trap of a sufficiently large volume. When reduced
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pressure is created in the sewer, part of the liquid in the
water trap is drawn up into the stand pipe to form a water
column maintaining reduced pressure in the sewer pipe even
when the reduced pressure device has been shut off. Since
the "vacuum" or reduced pressure in a system according to
the invention is about 3 to 20% of atmospheric pressure (the
absolute pressure thus being 97 to 80% of the atmospheric
pressure), the vertical dimension of the stand pipe does not
need to be more than about 2 m. For most practical

applications a stand pipe height of about 1 m is sufficient,

By dimensioning the sanitary trap of the toilet means
and flush water supply so that the amount of flush water

used at each toilet emptying does not exceed 2 litres, or

preferably is around 1 litre, the advantage is achieved that

the amount of liquid in the toilet waste is so small that
separating the toilet waste from other waste water becomes

profitable.

Embodiments of the invention will now be described,
by way of example only, with particular reference to the

accompanying schematic drawings, in which:

Figure 1 shows a single toilet and sewer connection

of a toilet system according to the invention;

Figure 2 shows a toilet system for a building, the
system having a number of toilets with associated

-~  gewer connections; and

Figure 3 shows a single toilet having a pressure

reducing device comprising a stand pipe.

In the drawings, reference numeral 1 indicates a
toilet with a sanitary of water trap 2 at its outlet duct.
A branch sewer pipe 3 with an inner diameter of about 50 mm
is connected to the toilet 1. The branch sewer pipe 3 leads
to an air driven ejector 4, which, when air of suitable

pressure is supplied by a blower 10 through a feed pipe 7.
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rapidly reduces the pressure in the pipe 3 to a vacuum of
about 10% (i.e. the absolute pressure in the pipe is about
90% of atmospheric pressure). This pressure reduction in
the pipe 3 causes the liquid in the water trap 2 and waste
and water in the toilet to be rapidly passed out into the

branch sewer pipe 3 by the pressure of the ambient air.

As long as the air flow in the feed pipe 7 is
maintained, the ejector 4 continues to create a reduced
pressure in the pipe 3 and after one or a few seconds all
waste from the toilet 1 reaches the ejector. The waste
passes through the ejector and flows into a second part 9 of
the sewer pipe downstream of the ejector 4. The pressure is
somewhat above atmospheric pressure in part 9 because the
working medium of the ejector is blown out here. The higher
pressure gives the waste that has passed the ejector 4 an
extra push forward in the pipe 9 where it flows out into a
collecting duct or sewer 5. The pipe 9 preferably has a
somewhat larger bore than the pipe 3, the cross-sectional
area of the bore of the pipe 9 preferably being from 70 to
100% larger than that of the pipe 3.

The length of the pipe 3 between the toilet 1 and the
ejector 4 is about 6 m. The angle between the end of the
pipe 3 and the pipe part 9 is about 150°, which is an
advantageous value for ejectors of the type shown. Upstream
of the ejector 4, at a distance of about 1 m or less
therefrom, there is & safety device 8, such as a sensitive
safety valve, or alternatively, a device that stops the
blower 10, should the pressure in pipe 3 rise above a
threshold value. The safety device 8 may also have both
these functions at the same time. If clogging or the like
causes a substantial obstacle to flow in the pipe 9, the
suction effect of the ejector 4 ceases and pressure from the
working medium of the ejector propagates as a back-flow into
the branch sewer pipe 3. This could result in nasty-
smelling air and water being blown into the toilet 1 through_
the water trap 2. The object of the safety device 8 is to
eliminate such incidents.
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The blower 10 also functions as a ventilator for the
toilet room 12. The blower 10 is connected to a ventilating
pipe 13 that draws air from the toilet room 12.
Alternatively, the blower may be the blower of a central
vacuum cleaning system or the like. The blower may even be

placed in or behind the wall of the toilet room 12.

The emptying of a toilet is started by operating a
flush button 6 in the toilet room 12. Then the blower 10
starts and the ejector 4 generates a reduced pressure in the
pipe 3, which causes the contents of the toilet 1 to be
drawn into the pipe 3. Simultaneously, f£flush water is
supplied from a flush water container 14 to flush the inner
surface of the toilet bowl. Flush water is supplied by
opening a flush water valve (not shown). This normally
takes place at the same time as the blower 10 is activated.
The flush water valve stays open at least during the initial
phase of emptying the toilet 1. Upon closing the flush
valve, the blower 6 continues to operate the ejector 4 until
all the waste from the toilet has passed the ejector 4. The
time is controlled by an adjustable time relay (not shown).
Upon stopping the blower 10, the flush water valve again

opens to fill the water trap of the tecilet with clean water.

Figure 2 shows a house 15 with a total of five
toilets 1 on three different floors. Each toilet 1 has its
own ejector 4 provided with a blower 10 which, as described
with reference to Figure 1, creates a reduced pressure in
the branch sewer pipe 3 of the toilet. The branch sewer

pipes 3 from the toilets 1 are joined to a common vertical

sewer pipe 9, which is connected to a main sewer line 5 for

separate treatment of the toilet waste. Other sanitary
units in the house such as wash basins 17 and shower cabins
18 have their own sewer pipes 16, which are connected to a
communal sewer pipe 19. The upper end of the sewer pipe 9
is connected to a ventilation pipe 20, which opens outside

the roof of the house 15. The sewer pipes 16 can be joined

to the same ventilation pipe or have their own ventilation

pipe or pipes (not shown).
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In the embodiment shown in Figure 2, the safety
device 8 shown in Figure 1 is not required. This is because
the vertical sewer pipe 9 is connected to the ventilation
pipe 20 and thus no overpressure can develop downstream of
the ejector 4. Thus, there is no risk of pressure shocks

penetrating towards the toilets 1.

If the toilets are each provided with a flush water
container 14 of the standard type which has a much larger
volume than is required according to the invention, a part
of the flush water container may, as shown in Figure 1, be
used to house the blower that is needed to drive the ejector
4. Thereby a simple installation is obtained with all

necessary parts in or near the toilet.

Figure 3 shows pressure reduction off-line, i.e. on
the side of the flow duct of the sewer pipe. The toilet 1
is connected to a branch sewer pipe 3 in the same manner as
in Figure 1 and Figure 2. Vacuum or pressure reduction is
created by an electric blower 10 in a branch pipe 21
branching from the pipe 3. The pipe 21 may be connected to
a duct that corresponds to the ventilation pipe 20 in Figure
2. The pressure reduction created by the blower 10 is able
to lift the liquid in a large water trap 22 arranged in
front of a sewer duct 5 under atmospheric pressure. The
liquid is lifted a distance H which, at a vacuum of 10%, is
typically about 1 m. Even after the blower 10 ceases
operation the water “column in the pipe 21 maintains the
necessary vacuum in the pipe 3 for a sufficient length of
time to ensure that the toilet 1 is emptied and its waste is

transported to the lower part of the pipe 21.

The invention has been specifically described with
reference to toilets although it may have application to
other sanitary devices, e.g. bidets, water closets, waste

disposal units or the like, having waste to be disposed of.

The invention is not limited to the embodiment

disclosed, but several modifications thereof are feasible,
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including variations which have features equivalent to, but

not literally within the meaning of, features in any of the

ensuing claims.

Where the terms “comprise”, “camprises”, “comprised” or
“comprising” are used in this specification, they are to be interpreted as
specifying the presence of the stated features, integers, steps or
components referred to, but not to preclude the presence or addition of one

or more other feature, integer, step, component or group thereof.
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The claims defining the invention are as follows:

1. A suction toilet system including at least one, preferably a plurality of|
toilet means provided with a separate sanitary trap, a branch sewer pipe connected at one end
to the sanitary trap and at an opposite end to a disposal system under atmospheric pressure,
and pressure reducing means for generating reduced pressure in the branch sewer pipe,
wherein the pressure reducing means includes an air driven vacuum generator connected to
the branch sewer pipe at said opposite end thereof in a manner allowing waste to be drawn
from said at least one the toilet means and transported through the branch sewer pipe past the
pressure reducing device and onwards to the disposal system without hindrance from valves
or other temporarily sealing means,

2. The system according to claim 1, wherein the inner diameter of the branch
sewer pipe associated with the or each toilet means is no more than 65 mm, preferably no

more than 55 mm.

3. The system according to claim 1 or 2, wherein, for the toilet means, the
length of the branch sewer pipe between the associated sanitary trap and the air driven
vacuum generator is from 2 to 50 m, preferably from 5 to 15 m.

4, The system according to any one of the preceding claims, wherein the air
driven vacuum generator includes an air driven ejector with a feed system arranged to supply
the air driven ejector with pressurized gas or air for, at the most, some seconds with a flow of
from 700 to 2000 1/min, preferably from 1000 to 1500 1/min.

S. The system according to claim 4, wherein the dynamic pressure in the feed
system supplying air to the air driven ejector is from 7 to 40 kPa, preferably from 10 to 30
kPa.

6. The system according to claim 4 or 5, wherein the air driven ejector is a so-
called on-line ejector integral with the branch sewer pipe, the branch sewer pipe having an
upstream portion connected at an angle to an inlet of the ejector and a downstream portion so
that the sewer pipe immediately before and after the on-line ejector forms an angle of at least
120°, preferably of at least 135°.

7. The system according to claim 6, wherein a safety device, e.g. a safety

valve, is provided in the branch sewer pipe between the sanitary trap and the on-line ejector
for preventing the formation of overpressure in this part of the branch sewer pipe.

25/07/02,1d10608 spe.doc,1 1
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8. The system according to any one of claims 4 to 7, wherein, for the air
driven ejector, the device for supplying air to the ejector includes the pressure side of a blower
or the like, the suction side of which is, preferably, arranged to draw air from the space where
the associated toilet means is situated, or is formed of the vacuum unit of a central vacuum
cleaning system or the like.

9. The system according to claim 1, wherein the air driven vacuum generator
is, in a manner known per se, off-line, i.e. arranged at a distance from and connected to the
branch sewer pipe, and in that the vacuum part of the branch sewer pipe is, at its downstream
end, closed by a water trap, which, in a manner known per se, during the generation of
vacuum in the sewer pipe, forms a water column corresponding to the level of vacuum, the
water column having a vertical height of at the most 2 m, preferably about 1 m.

10.  The system according to any one of the preceding claims, wherein the
sanitary trap and flush water supply to the toilet means are so dimensioned that the amount of
water emptied into the branch sewer pipe after each flush does not exceed 2 litres, preferably
does not exceed 1 litre.

Dated this 25® day of July, 2002.

EVAC INTERNATIONAL OY
By their Patent Attorneys:
CALLINAN LAWRIE

Yool
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