15

20

30

WO 00/46129 PCT/SE00/00077

TITLE: REFUSE TRANSPORT SYSTEM

TECHNICAL FIELD .
The present invention relates generally to pneumatic refuse transport systems, and specifically
concerns the emptying of refuse temporarily stored in such systems.

BACKGROUND

In pneumatic transport systems of the kind generally known as vacuum-operated refuse
collection systems (see i.e. US Patent no. 3 887 053), refuse is temporarily collected in
insertion chutes provided in buildings or outside buildings - so catled isolated insertion chutes
- and is sequentially transported from individual insertion chutes to a collection center through
transport pipes and branches. Such systems have been in use for many years, and have proven
to be very efficient as well as constituting a very satisfactory solution to the sanitary problems.
accompanying other refuse handling systems. However, in systems of this kind the demand
for optimized operation of the system becomes stronger and stronger as systems are in-
corporated in, or associated with, larger and larger apartment buildings and other buildings
where there is an increase in the amount of refuse collected in each insertion chute during a
given period of time, This applies also to applications where a collection center collects refuse
from an increasing number of insertion chutes, in areas such as dense residential areas. In such
applications provisions have to be made in order to optimize the collecting capacity of the
system, both with regard to the storage capacity of the individual insertion chute and to the
effective emptying of the increasing number of insertion chutes,

Specifically, in certain systems the temporary storage capacity of at least specific, frequently _
used insertion chutes has already been raised by the aid of different means for increasing their
temporary storage volume. Examples of such means are the refuse limitation valve discussed
in our international application WO 98/47788, providing additional storage space in the chute
itself, as well as the attempts made to provide expanded storage volumes in the form of simple
containers in the chutes, at a position above a discharge valve. However, even with such
extended temporary storage capacities, the increased load on the specific insertion chute will
eventually still result in an equally increased overall time required to securely empty all of the
tefuse collected in said expanded chute over a given period of time. This in turn affects the
entire system, and will constitute a problem, especially in the above discussed larger systems,
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where the actual emptying cycles of the system may be extended to a degree where it may no
longer be possible to operate the system securely in situations with heavy loads.

In the large and/or heavily loaded system, a bottleneck of the system will therefore be the
emptying times of thc. individual, frequently used chutes, and not least in the above mentioned
situations where measures are taken for expanding the collection volume of individual chutes.
In fact, the emptying of such expanded storage volumes often leads to additional problems,
especially in situations where attempts are made to speed up the emptying process in order to

- reduce the overall cycle time of the system. Such problems are mainly related to disturbances
" both in the discharge of the refuse from the chute or from the éxpanded volume and in the

transportation of the refuse through the transport pipe system. Exprwsed otherwise, the major
problems concern the complete and secure emptying of the individual chutes in the shortest
possible time. = |

Conventionally the insertion chutes are emptied through a refuse discharge valve provided at
the lower end of the chute. The discharge valve leads into the transport pipe system of the
collection system and serves to seal off the insertion chute from the subatmospheric pressure
in the transport pipe between the emptying phases thereof. When emptying an insertion chute,
the associated discharge valve is opened to apply suction, in turn cieveloping a drag force to
the stored refuse, by means of the vacuum in the transport system. Air at substantially
atmospheric pressure is introduced to create an air flow moving the stored refuse. Said atmos-
pheric air is introduced through an air intake valve positioned at the end of a branch of the
transport-system and/or throug_h air intake openings in the discharge valve or in the upper end
of the actual insertion chute.

Traditionally, shortening of the emptying times for the insertion chutes bas been attempted by
increasing the vacuum in the transport pipes of the system, but tﬁis solution gives rise to a
new problem since the increase of the vacuum will likewise increase the danger of compacting
the refuse too much, resulting in a plug flow that may cause blockage in the pipes of the
system. As an example, such blockage may shut down an entire branch line or transport line.

Another problem related to the employment of increased vacuum levels is the noise generated
by the resulting air flow through the insertion chute in connection with emptying. Such
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increased noise levels are m most cases not accepted, siﬁléé';th'ey at the least constitute a
sanitary nuisance. Likewise, an increased vacuum will cause problems with regard to the in-
sertion openings of the chutes. Said insertion openings are provided with doors that may be
opened for the insertion of refuse into the chute, and that are then closed again. In systems
where the insertion of refuse is permitted even during emptying of a chute, an increased
vacuum level could cause severe injuries, such as by forcing an opened insertion door to close

rapidly and jam or even crush the arm or hand of a person that is about to discharge of refuse.

Yet another way of increasing the emptying capacity of the system would theoretically be to
widen the transport pipes and branches. However, this possibility is only applicable to new
transport systems, since it is not feasible to replace pipes already laid down into the ground. In
practice this solution is also disregarded for most new systems, since the additional costs for
the larger pipe system as well as for generating the same vacuum level with the increased

transport pipe volume, would not be acceptable.

SUMMARY

The invention basically concerns a vacuum operated refuse collection system generally
comprising a number of individual storage spaces intended for temporary storage of refuse
inserted therein. The individual storage spaces of the system are emptied in a predetermined or
controlled sequence, by operating discharge valves through which the storage spaces
communicate with a transport pipe or transport pipe branch. As normal in such a system a
vacuum, i.e. a subatmospheric pressure, is created in the transport pipes or branches, and by
means of this vacuum the stored refuse is transported from the individual storage spaces to a
collection central, as the corresponding discharge valve is opened and transport air is let in
through an air inlet.

As mentioned above, today, refuse collection systems of this kind are required to handle larger
and larger amounts of refuse. This in turn has led towards the development of larger and larger
temporary storage spaces of different geometry, thereby offering higher emptying resistance
that has to be overcome in order to provide a satisfactory material flow out from the storage
space, without endangering blockage, temporary as well as stationary, during emptying and
transport. In order to compensate for this higher emptying resistance it would traditionally be

considered increasing the vacuum level of the system. However, such an increase in the
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vacuum leve!l would, especially so in combination with high load operation of the system and
the accompanying variations in both material flow and transport air flow, dramatically
increase the risk of too high material concentration in the transpott air and, as an extreme, of
plug ﬂow.. : |

The invention overcomes the above problems in an efficient and éatisfactory manner.

Accordingly, it is a general object of the invention to provide a simple and comparatively
inexpensive solution to the problem of providing a secure and .cfﬁcient emptying of the
temporarily stored refuse in a vacuum operated refuse collection system, while maintaining an
effective and secure transport of the refuse through the transport lines of the system.

In particular, it is an object of the invention to apply an initial appropriate drag force to the
stored refuse, securing a rapid einptying of the refuse temporarily stored in individual storage
spaces of the collection system, and to do so without causing aﬁy excessive compaction of the
refuse, thereby providing excellent conditions for maintaining a desired transport flow of the

~ refuse through the entire transport system.

Another object of the invention is to provide an improved method of emptying a refuse
insertion chute of a vacmnn-operated refuse collection system, providing a controlled emptying
adapted to the ptevallmg circumstances of the system.

Yet another object of the invention is to provide an improved insertion chute for a vacuum
operated refuse collection system, designed so as to provide excellent conditions for obtaining
a secure and efficient emptying of the refuse stored in a specific refuse storage space therein.

These and further objects of the invention are met by the invention as defined in the appended
patent claims.

Briefly, the invention suggests controlling the drag force applied to the refuse material as well
as the mixing of material and transport air, whereby this control is preferably performed
during the entire emptying phase in order to optimize material flow during the entire emptying
phase of the individual storage space. This solution permits the use of higher vacuum levels in
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the system without risking any of the problems normally accompanying such higher levels,
and more specifically provides possibilities for applying an initial heavy pull on the refuse
material, securely overcoming the static friction of the material, i.e. the emptying resistance.
Once the material has been accelerated to a normal transport velocity during the initial
emptying phase, it will not be very likely to cause blockage in any other part of the transport
system. By also controlling the mixing of air and material once the emptying resistance has
been overcome, that is the material concentration in the transport air ﬁow, the risk of plug
flow may be safely eliminated.

By securing a controlled intake of additional air at substantially atmospheric pressure in at
least one position upstream, with regard to the direction of material flow therethrough, of the
discharge valve, the control of the vacuum and thus of the drag force may be accomplished in

a very effective manner.

By additionally introducing the additional air directly into the refuse material to control the
concentration thereof in the transport air, the additional air may advantageously be employed
as a kind of air knife, to loosen the material and improve its mixing with the transport air.

The control function of the invention may initially be set based on the design characteristics of
a specific application, such as general vacuum level, geometrical conditions etc. In one
embodiment said control function may alternatively or additionally also be integrated in a
sequence control system, controlling the order in which the individual storage spaces of the
collection system are emptied, depending upon several detected paramefers. Such parameters
may be the expected fill rate of a chute, the actual fill rate of the chute, the position of the
chute in the entire system, and/or the type of refuse to be transported in the system etc.

Another aspect of the invention specifically relates to applications with refuse insertion chutes
being provided with an expanded storage capacity, and is basically directed to controlling the
intake of additional air by-passing the expanded storage capacity. This intake of additional air
that serves the purpose of moderating the vacuum level upon opening of the discharge valve
and of loosening the stored refuse material, is, in each case, regulated depending upon the
specific design characteristics,"such as the geometry and size of the expanded storage volume,
and the operational characteristics of the system, such as general vacuum level in the transport
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~ pipe system, fill rate of the chute, type of refuse etc. In this manner it is possible to control the

entire emptying phase of the insertion chute, taking account of the specific conditions of the
application, such as the emptymg resistance caused by the specific geometry of the expanded
storage volume as well as by different fractions of refuse.

In one embodiment the adgiitional air is introduced to a correspo_nding chute air inlet througi:
an additional air pipe separated from the transport air inlet, being provided in the upper part of
or upstream of the expanded storage volume, in order to provide an introduction of additional
air that is regulated independently of the introduction of transport air.

In an alternative embodiment an additional air pipe is connectec! to -a transport air pipe
upstream of the expanded storage volume so that additional air and transport air is taken in
through a common main air inlet. In this case a regulation of the introduction of additional air
will automatically affect the introduction of transport air, since the flow of air through the
main air inlet is fixed and is split up between the two branches depending upon the regulation
of the additional air supply. This provides for a very efficient control of the compaction of the
refuse material caused by the transport air flow and of the material concentration in the
transport air. '

Vet another aspect of the invention concemns a refuse insertion chute of a refuse collection

system, said chute being provided with an expanded storage capacity. In accordance with this
aspect of the invention an additional air control valve is prov1ded in a supply plpe for the
additional air, whereby the mu‘oducnon of the additional air into the refuse material may be
regulated.

Preferred embodiments of the different aspects of the invention are specified in the respective
dependent subclaims.

In summary, the present invention provides for the following advantages over the state of the
art:

- Efficient and rapid emptying of relatively large refuse storage volumes;
- The risk of creating a detrimental plug-flow is greatly reduced:
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- The risk of blockages during emptying of the stored refiise volume as well as during
transport of the refuse through the transport pipe system, can be substantially elimi-
nated by the provision of a possibility to control the emptying as well as the transport
phase in dependence upon detected operational parameters;

- Provides possibilities for quick and exact regulation of the vacuum level in order to
prohibit any critical vacuum levels from being generated;

- Permits secure and complete emptying of the chute, and

- Makes it possible to delete one or more air inlet valves in the transport pipe system.

Other advantages offered by the present invention will be readily appreciated upon reading the
below detailed description of embodiments of the invention,

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further objects and advantages thereof, may best be understood by
making reference to the following description taken together with the accompanying drawings,
in which:

Fig. 1 is a partly schematical side view of the lower area of an insertion chute of a vacuum
operated refuse collection system, illustrating a first embodiment of an air valve
arrangement according to the invention, and

Fig.2 is an illustration, in a view similar to that of fig. 1, of a second embodiment of an air
valve atrangement according to the invention.

DETAILED DESCRIPTION

A first embodiment of the invention will now be described with reference to fig. 1, which
illustrates the lower part of a refuse insertion chute 1 arranged in a storage room 4 provided in
the first floor or a cellar of 2 very schematically indicated building 6. The lower part of the chute
1 communicates with a transport pipe branch 2 of the refuse collection system through a refuse
discharge valve RDV which is operable between fully opened and fully closed positions for
performing an emptying phase, as will be discussed further below. The transport pipe branch 2 is
illustrated laid horizontally in a culvert 5 underneath the building, and leads to a collection
central (not shown).
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In the illustrated embodiment the lowermost part of the insertion chute 1 is provided with an
expanded storage volume 3, which in addition to the lower part of the. traditional vertical
insertion chute comprises a bend 3a conneetmg the insertion chute 1 to the horizontal transport
pipe 2 through the discharge valve RDV thus also being pos1t10ned in a horizontal pipe. This

-embodiment of an expanded storage volume 3 for temporarily. stormg refuse 10 being inserted

into the chute 1, presents a sunple, mexpensrve and yet very. eﬁ‘ecuve solution in situations
where a temporary storage volume of up to apprommately 1-1 3 m is required. However, such
an expanded temporary storage volume 3 produces an mcreased emptymg resistance due to its

- geometry, which in a traditional system vvould lead 10 emptying problems such as increased risk

of plug flow or blockage in_.the._ storage sp'ace 3 aswell asin the transport system 2,

The invention presents a solunon to these problems by suggestmg a method of controlling on the -
one hand the drag force apphed to the temporarily stored refuse 10 durmg an initial part or step
of the emptying phase, and on the other hand the m1xmg of addmonal air into the refuse 10
during the remaining part or second step of the emptymg phase Both of these effects are ob-
tained by providing a eontrolled or regulated mtroduenon of addmonal air into the chute 1.

A main air inlet 8, whlch m the: convenuonal way is provrded with a check valve (not
specifically illustrated), is provrded in the storage room 4, in some ot.her suitable locality or in an

outer wall of the building 6. Through this inlet 8 and a tmnspgrt arr supply pipe 7 connected
‘thereto, transport air is introduced into the chute 1 through a transport air chute inlet 9, at a

position in the upper part of the expanded storage volume 3. In an altematlve embodiment it will
also be possible to introduce the transport air upstream of the storage volume 3. In order to avoid
sanitary nuisance caused by an mereased noise level, and potentrally hazardous air flow
through the entire msertxon chute 1 dunng emptying, a gravity chute valve GCV is preferably
provided above the transport air chute mlet 9. Said gravity chute valve GCV will, in its closed
position during emptying, completely seal off the upper part of the insertion chute 1. However, it
may also be employed to provide a further temporary storage space for the refuse material 10, in
the manner described in our earlier W098/47788.

From the transport air supply pipe 7 is branched-off an additional air supply pipe 12 for intro-
ducing additional air into the_insertion chute through an _addiﬁonul air chute inlet 11 that is
positioned immediately upstream of the refuse discharge valve RDV. Theoretically, the
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additional air could also be introduced directly into the discharge valve, although this would
create design problems. Ht the additional air supply pipe 12 s fovided an additional air inlet
valve ATV for controlling the introduction of additional air into the refuse 10. In the illustrated,
preferred embodiment the additional air valve ATV is a pilot-operated valve connected to the
output 22 of a control unit 20 for controlling the supply of additional air in accordance with a
fixed or optional program, as will be described further below. The reference designations 21a-c
do in this connection indicate inputs of different kinds to the control umit, for sefting up or
varying the program in response to detected values of operational parameters. The valve ATV
itself may be of any kind allowing a variable flow regulation, such as a throttle valve.

In fig. 1, an alternative additional air inlet 13 is illustrated with dashdot-lines. In this embodi-
ment the upper part of the additional air supply pipe 12, otherwise being connected to the
transport air supply 7, is deleted, and replaced by a pipe bend leading to air inlet 13 that is
completely separated from the transport air supply 7.

Fig. 2 illustrates a second embodiment of a refuse insertion chute 100 according to the invention.
In this embodiment the insertion chute 100 is provided with an expanded, container-like storage
space 103 having a cross-section coﬁsiderably exceeding that of the chute 100. Such an expand-
ed storage space 103 may provide a storage capacity of up to about 4m’, as is described in our
Swedish Patent Application no. 9900401-2 to which reference is made herein for further details
of such a storage space. The lower part of the storage space 103 is illustrated containing the
feed-screw normally required to securely empty such an expanded storage space. However, nsed
in combination with the present invention this kind of storage §pace will in some cases be
effectively emptied also without the feed-screw that is drawn with dashdot lines to indicate this.

In fig. 2 the lower end of the storage space 103 is connected to the discharge valve RDV and the
transport pipe 2 through a pipe bend 114, and the transport air chute inlet 9 is positioned in the
chute 100 upstream of the storage space 103. Alternatively, the transport air supply pipe 107
may be connected to and open directly into the upper part of the storage space 103. Like in fig. 1
fig. 2 also illustrates the two optional additional air supplies, through a separate inlet 13 or as a
by-pass through a pipe branched-off from the transport air supply line 107,
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As mentioned above, the basic feature of the invention is to provide for a control or regulation of
on the one hand the drag force applied to the stored refuse 10 and, on the other hand of the
concentration of refuse matenal 10 in the transport air. The drag force will be controlled so as to
initially, that is mmedlately upon opemng of the discharge valve RDV, be at a level securing
that an initial heavy pull is exerted on the refuse. This pul] must be powerful enough to
overcome the emptying resxstance, that is the static friction, of 1he stored refuse material 10 and
to accelerate the material 10 to the transport velocity requxred to achleve secure transport without
blockage, through the entlre tansport pipe system and up to the collechon central, On the other
hand it must be secured that. the applied drag force is not so hlgh that it may cause excessive
compaction of the refuse 10. According to the invention the concenu'atlon of refuse 10 in the
transport air is therefore also controlled, to ensure that it does not become too high, thereby

eliminating the risk of plug ﬂow

To achieve this the invenu'or:_; suggests providing a conu'ol_lfed-. or regulated introduction of
additional air into the refuse _1.0-, through the additional air chutc inlet 11 immediately upstream
of the discharge valve RDV. The control function is provi,deé by the so called throttle valve
ATV. An example of the cqrii_rt}l mode will how be given; although it should be emphasized that
this may be varied quite ex!:enéively depending up_oxi local vanatxons, such as the type of refuse
to be transported in the system, the geometrical and other desxgn characteristics of the different g

parts of the vacuum operated 'c_ollecﬁon system, and diﬂ’eren{-_f_c_hqsen operational parameters,

such as nominal vacuum hvel:qf the system.

' In the normal case the emptying phase is started, i.e. the discharge valve is opened, when the

nominal vacuum level of the system has been created in the _u'éps_port pipe 2. At this stage it is
secured that the throttle valve. ATV is substantially closed - _alﬂiough, in practice it will be
slightly open to permit a very restricted air flow therethrough - at the time when the discharge
valve is opened. This will produce the desired initial pull. This. substantially closed position of
the throttle valve ATV is only maintained for a very short ume The exact duration of this
substantially closed condition of the ATV will vary for each 'aippl_icaﬁon, depending upon the
above discussed characteristics and param_eters. However, solely for the purpose of exemplifying
this phase and in no way restricting the invention, it will be indicated that this time may be in the
order of 1 second. After th13 opemng phase, the ATV is partly opened, say provxdmg
approx:mately 50% of its maximum flow of additional air, thm'eby continuing the emptymg
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phase with a moderate vacuum securing the initial pufl or drag moment, but not risking any
undue compacting of thé ¥efiise 10. This controlled introductisifiof additional air also provides
for a controlled mixing of afr into the refuse 10, thereby additionally optimizing the refuse
material concentration in the trapsport air. The introduction of additional air may also be
employed as 2 sort of air knife providing a very favorable loosening and mixing of the refuse
material that will improve the transport characteristics.

Once the initial drag moment has been applied the introduction of additional air may normally
be reduced by closing the throttle valve somewhat, to thereby increase the transport air flow
through the temporary storage space 3, 103 and secure efficient and complete emptying thereof.

Favorably the complete emptying of the storage volume 3, 103 will be secured by terminating
the emptying phase by opening throttle valve ATV, fully or to the nominal 50%, and then once
more closing the valve and thus the flow of additional air, before closing the discharge valve
RDV.

The pilot-operated throttle valve ATV and thus the introduction of additional air may in a basic
application be controlled in accordance with a fixed program. Such a program may be time-
confrolled, started by the opening of the refuse discharge valve RDV and based on selected
design characteristics of the system, said design characteristics being fed (indicated by the inputs
21a-c) to a control unit 20, the output 22 of which controls the pilot-operated throttle valve
ATV.

As an alternative a more sophisticated control of the throttle valve ATV and thus of the supply
of additional air may be performed in accordance with an optional program, based on a
monitoring of chosen operational parameters (likewise indicated by the inputs 21a-c) of the
system, the detected values being fed to the control unit 20. In this manner it will also be
possible for instance to provide an exact control of the vacuum level in the system, which will
normally be set to be in the order of 2-6 kPa, or even higher. Apart from monitoring the vacuum
level, other parameters that may normally be employed for controlling the intake of the
additional air are, the detected fill level of the insertion chute 1, 100 prior to emptying, detected,
actual transport air flow, detected acceleration of the refuse material 10 etc.
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Naturally, the basic setting of the optional program will normally also be made in accordance
with selected design parameters of the system. '

In applications where the emptying of the different insertion chutes of a refuse collection system
is carried out in a sequence coi;lrolled by a program, such as the group-wise emptying and level-
controlled emptying suggested in our Swedlsh Patent Applicaiién no. 9902719-5, it may be very
advantageous to incorporate the control of the throttle valve ATV of the present inveﬁtion into
such an emptying sequence program. -

The invention has been described herein with specific reference to preferred embodiments
thereof employing more or less sophisticated control systems for regulating the intake of
additional air. It should be emphasized though, that in its broadest scope the present invention
also covers embodiments where the throttle valve ATV is regulated manually, either by an
experienced operator, by following a set program or in accordance with detected values of the
kinds discussed above, said detected values being presented to the operator in any conventional

way.

Although the invention has been described and illustrated herein with specific reference to

- applications where an expanded temporary storage capacity is provided, that is applications

where the invention will be particularly efficient, it should be emphasized that it is in no way
restricted to such applications. The basic principles of the invention may be applied to most
temporary storage spaces employed today. in this kind of sysfems, that is in the traditional
insex.'tion chute where the reﬁ:ée discharge.val_ve is positioned in a vertical lowermost section of
an insertion chute, in the so called isolated insertion chutes that are described in our earlier
WO96/SE01150, as well as to future designs. The invention may likewise be applied to in-
sertion chutes having other kinds of expanded storage spaces than those illustrated herein.

It will be understood by those skilled in the art that various modifications and changes may be
made to the present invention without departure from the scope thereof, which is defined by the
appended claims.
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CLAIMS

1. A method of emptyiﬂg a refuse storage space (3; 103)‘of a vacuum-operated refuse
collection system, wherein refuse (10) temporarily stored in said storage space (3; 103) is
discharged into a transport pipe (2) of the system upon opening of a refuse discharge valve
(RDV), wherein a subatmospheric pressure is maintained in the transport pipe (2) during the
entire emptying phase to apply a drag férce to the refuse material (10) through the opened refuse
discharge valve (RDV) and wherein air is introduced to the stored refuse material (10) during the
emptying phase to provide a flow of transport air and refuse material, characterized by
controlling the drag force applied to the stored refuse (10) and the concentration of refuse
material (10) in the transport air, af least during the emptying phase. '

2. A method of emptying a refuse storage space (3; 103) according to claim 1, characterized
by controlling the level of the applied subatmospheric pressure during the emptying phase by a
regulated intake of additional air at substantially atmospheric pressure in or immediately
upstream of the refuse discharge valve (RDV),

3. A method of emptying a refuse storage space (3; 103) according to claim 2, characterized
by controlling the transport air flow during the emptying phase in dependence upon the regu-

lated introduction of additional air,

4. A method of emptying a refuse storage space (3; 103) according to claims 2 or 3, charaec-

‘ferized by controlling the concentration of refuse material (10) in the transport air by

introducing the additional air directly into the flow of refuse material (10) in or immediately
upstream of the refuse discharge valve (RDV).

5. A method of emptying a refuse storage space (3; 103) according to claim 4, characterized
by employing the additional air being introduced into the material as an air knife for loosening
of the refuse material (10) and improved mixing thereof into the transport air,

6. A method of emptying a refuse storage space (3; 103) according to any of claims 2-5,
characterized by controlling the intake of additional air based upon fixed design characteristics

| R R VL
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7. A method of emptying a refuse storage space (3; 103) ac_:cording to any of claims 2-6,
characterized by controlling the. intake of additional air bascd upon detected values of
operational parameters of the system. '

8. A method of emptying a refuse storage space (3; 103) according to any of claims 2-7,
characterized by monitoring the actual vacuum level/drag fo:fi:e during emptying and by
controlling the intake of additional air based upon the detected values. '

9. A method of emptying a refuse storage space (3; 103) according to any of claims 1-8,
characterized by initially decreasing the drag force applied to the stored refuse (10) in a first
step and by subsequently, once the static friction of the material has been overcome, increasing
the flow of transport air through the storage space in a second step 3

10. A method of emptying a refuse storage space (3; 103) according to claim 9, characterized
by sequentially repeating the first and second steps after the empty@ng phase, in order to secure
complete emptying of the storage space (3; 103).

11. A method of emptying a refuse insertion chute (1; 100) of a vacuum-operated refuse
collection system, wherein refuse (10) temporarily stored in an _expghded storage space.(3; 103)
of said refuse chute (1; 100) is discharged into a transport pipe (2) of the system upon opening of
a refuse discharge valve (RDV), wherein a subatmospheric pressure is maintained in the
transport pipe (2) during the entire emptying phase, wherein refuse transport air at substantially
atmospheric pressure is introduced into the insertion chute (3; 103) and wherein additional air at
substantially atmospheric pressure is infroduced in or immediately upstream of the refuse
discharge valve (RDV), characterized by controlling the introduction of additional air at least
during the entire emptying phase and in dependence upon design-t;haracterisﬁcs of the system
and/or upon varying operational parameters thereof,

12. A method of emptying a refuse insertion chute (1; 100) according to claim 11, charac-
terized by regulating the flow of additional air by means of a throttle valve (ATV) provided in
an additional air supply pipe (12; 112).

* [ L M s *
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13. A method of emptying a refuse insertion chute (1; 100) according to claims 11 or 12,
characterized by conu'ollmg the supply of additional air in accordance with a fixed program
based on selected desigh characteristics of the system, said desxgn characteristics being fed to a

control unit (20), the output (22) of which controls a pilot-operated throttle valve (ATV).

14. A method of emptying a refuse insertion chute (1; 100) according to claims 11 or 12,

characterized by controlling the supply of additional air in accordance with an optional

program, based on a monitoring of chosen operational parameters (21a-c) of the system, the

detected values being fed to a control unit (20) the output (22) of which controls a pilot-operated
0 throttle valve (ATV).

15. A method of emptying a refuse insertion chute (1; 100) according to any of claims 11-14,

characterized by supplying a flow of additional air at the latest upon opening of the refuse

discharge valve (RDV) and by at least reducing said flow of additional air once the static friction
15 of the refuse has been overcome and by closing the flow of additional air after emptying.

16. A method of emptying a refuse insertion chute (1; 100) according to any of claims 11-15,

characterized by terminating the emptying phase by opening and then once more closing the

flow of additional air, before closing the discharge valve (RDV), thereby securing complete
20 emptying of the storage space (3; 103).

17. A method of emptying a refuse insertion chute (1; 100) according to any of claims 11-16,
characterized by supplying the additional air from a separate additiopal air inlet (13),
independently of the supply of transport air.

18. A method of emptying a refuse insertion chute (1) according to any of claims 11-16,

characterized by supplying the additional air from a main transport air inlet (8), by-passing the

expanded storage capacity (3), thereby indirectly controlling the separate infroduction of

transport air into the storage capacity in dependence upon the controlled introduction of
30 additional air.

19. A refuse insertion chute (1; 100) of a vacunm-operated refuse collection system, said
refuse chute (1; 100) communicating with a transport pipe (2) of the system through a refuse
N —
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discharge valve (RDV) and being provided with a storage space (3; 103) for temporarily storing
refuse (10), a transport air chute inlet (9) positioned i nor upstream of the storage space (3; 103)

‘and an additional air chute inlet (11) positioned in or lmmedlately upstream of the refuse

discharge valve (RDV), charactenzed by an additional air mlet valve (ATV) being provided in
an additional air supply plpe (12; 112) for controlled supply of additional air from an
atmospheric air inlet (8; 13) to the additional air chute inlet (1 1).

20. A refuse insertion chut_é (1, 100) according to claim_‘-’19,-. characterized in that the
additional air inlet valve (ATV) is a pilot-operated throttle valvig connected to the output (22) of
a control unit (20) for controlling the supply of additional alr in accordance with a fixed or
optiopal program. -

21. A refuse insertion chute (1; 100) according to claims 19 or 20, characterized in that the
additional air inlet valve (ATV) is a variable flow regulator.

22, A refuse insertion chute (1; 100) according to any of clairps 19-21, characterized in that
the additional air inlet pipe (12; 112) is branched-off from a transport air supply. pipe (7)

~ supplying transport air from a main transport air inlet (8) to the transport air chute inlet (9), said

additional air supply pipe (IZ; 112) supplying air from the m_ain'n'ansport air inlet (8) to the .
additional air chute inlet (11), by-passing the storage space (3; 103)..

23. Arefuse msertlon chute (1; 100) according to any of clmms 19—21 characterized in that
the additional air inlet pipe (l 12) is connected to a separate a1r inlet (13) for supplying air
therefrom to the additional air chute inlet (11), independently of the _t__ransport air.

24. A refuse insertion chute (1; 100) according to any of clainis 19-23, characterized in that
the storage space (3) consists of an extended section of an essentially vertical refuse insertion
chute (1), the extension consmtmg of a lowermost chute bend (3a) connected to a substantially
horizontal transport pipe (2).

25. A refuse insertion chute (1; 100) according to any of claims 1 9-24, characterized in that
the storage space (103) consists of an expanded storage volume having a cross-section exceeding
that of the chute (100). |
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26. A refuse insertion chute (1; 100) according to any of clalms 19-25, characterized in that
the refuse discharge valvé (RDV) is positioned ina substanually honzomal pipe (2).
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