WO 2008/0749151PCT/FI2007/050697 Vacuum Sewage System Technical field The invention relates
to a vacuum sewage system, which comprises a sani- tary unit, such as a toilet unit, vacuum sewer
piping conn¥PMEY/ i Bani- 5 tary unit, a discharge valve between the safifaFFRAR7EMHHTe vacuum
sewer piping, and a vacuum generating device for generating vacuum in the vacuum sewer piping,
according to the preamble of claim 1. The invention also relates to a method for operating a vacuum

sewage system aggeiiiig Selhagecsyiendf claim 9. 10 Background art Vacuum sewage systems,
particularly vacuum toilet systems, are well known. At a first stage of development a vacuum sewage

system typically cp rised aflalr e volume collecting tank, in which system the tank is maintained
. ;) qlcal ie , : . o ,
under vacuum in order to provide vacuum for the vacuum sewer pip- 15 ing. Vacuum is maintained in

the large volume collecting tank by a separate vacuum pump. The sewage is emptied from the
collecting tank by hediegriiponm@laiesniecdacuue [ssverg @ SirRierol aviied eempDaes@thanarge

volume collectingtapk, sl sYoletns BTG Y LAamAcCaNti A RE I B g AsRDIS R 0 O

trains, marine vessels and aircraft. An example ‘of such 20a solu closed e.g. in EP 0 330 490.

At a later sta@g, dﬁ@je@@r@?mwﬁewmm@, ﬁh@#ﬁﬂﬁ@%ﬁﬁtjb&_@dzitﬁ@ld@tﬂlm@@me
volume COIIeCt'ngﬁ%O%HqH'géﬁbBWe%‘?ﬂ%' @/iee Rals&HEY L, NR AdiIddet pump

has an inlet conne to vacuum sewerpiping and further to sanitary units, such as toilets. The sew-

25 age is circuIaté@lfﬂhm}gﬁrpﬁ@ilﬁﬂxi@félomm,MH@@W&E@QIQL@@ ?é@iﬁluﬁ-pTé@&mi@WQMm
towards the vacupi, sewey RIRiRth R BRBIMMNEISHMHSIRR]S Wedhs SEUBRIRG @nihe! Nis

solution requires a lot of space. Further, it has a low degree of efficiency. Such a solution is known e.g.
from EP 0 653 52aegublecygiairad15PCT/F12007/050697 2

10 Background art

Vacuum sewage systems, particularly vacuum toilet systems, are well
known. At a first stage of development a vacuum sewage system typically
comprised a large volume collecting tank, in which system the tank is main-
tained under vacuum in order to provide vacuum for the vacuum sewer pip-
15 ing. Vacuum is maintained in the large volume collecting tank by a separate
vacuum pump. The sewage is emptied from the collecting tank by a sewage
pump connected to the bottom of the collecting tank. Due to the large vol-
ume collecting tank, such systems require a lot of space, which normally is
not available in e.g. trains, marine vessels and aircraft. An example of such
20 asolution is disclosed e.g. in EP 0 330 490.

At a later stage, an ejector based system came along, in which sewage is
circulated from a large volume collecting tank to a liquid jet pump opening
into the same collecting tank. The liquid jet pump has an inlet connected to
vacuum sewer piping and further to sanitary units, such as toilets. The sew-

25 age is circulated through the liquid jet pump, whereby the liquid jet pump
generates a vacuum towards the vacuum sewer piping for drawing sewage
from the toilets into the collecting tank. This solution requires a lot of space.
Further, it has a low degree of efficiency. Such a solution is known e.g. from
EP 0 653 524.



Other developments include a liquid ring pump that is connected to a large volume collecting tank,
whereby vacuum is generated and sewage is pumped by the same pump in an alternating manner,
e.g. EP 0 28y@3osanttier single pump solution is disclosed in EP 0 644 2BOT/FHR&I3HRMGONH 5
comprises a moisture protected dry rotary vane putp, which generates vacuum in a large volume
collecting tank. This tank is emptied by reversing the pump function, so that the pressure side of the

pump is connectediks g atwReisalRiagiany ioneHRRnthReiS B IeBI I g

sewage to another location bP/ pressurized air. This solution also requires a large 10 space and
¢

furthermore the pYPHETE vERIGEIINS a8 o MREREMYIdNECHIE (& AsRGTALREa R\ RRVASHENisms.

On-line systems py@viged wijtthkostednSupHpIPSBEARSAIAGhAGINHRCRNE UBRIDR87vasge directly
from the vacuum sewer piping are also known and are disclosed e.g. in EP 0 333 045 and EP 0 454

794. A further on olu- 15 ion_is descr b 24 stems deploy one
single pump whi A‘Qg% SFa?ég%Scﬂﬂmpaﬁa 8Qs @%&%hé‘ slgfr,le tﬁg%%sia Lﬁ%Hg%%resent
attempts to réduaeosumawesaqumareﬂneqyrelentedtmg Mammanmdmlmmrgmm%amﬂwm{ank ie.
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are, however, notpueny efficion thlaattlti&y preswuire sﬁdu:tcnfn&iedqsummamesnﬁbetpdnhostmsed in
this context are designed eltherf ir or Ln UId whetreby the tran rt of both air
F é’en&l me co %ﬁncg a%ﬁ gmné% % ame ¥o C &1

and liquid genera very suc- i§aR etypica ranspo% Rifictioh Bf & vacuum
sewage system, p@mmlanptamammmww presteuTjzedane . sEwagelistivaraported uhresug Hattge vacuum
sewer pipin volumes of air fﬁ)rmlnllg {bognr}olm 0ge n[ §nsewage flow.

ugs with intermediate large
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quiring intricate control mechanisms.

On-line systems provided with liquid ring pumps generating vacuum and
pumping sewage directly from the vacuum sewer piping are also known and
are disclosed e.g. in EP 0 333 045 and EP 0 454 794. A further on-line solu-
15 tion is described e.g. in EP 1 172 492. Such on-line systems deploy one sin-
gle pump which generates vacuum and sucks sewage at the same time.
These solutions represent attempts to reduce space requirement by elimi-
nating the intermediate large volume collecting tank, i.e. a tank located be-

tween the pump and the vacuum sewer piping,

20 The latter solutions with on-line pumps having the dual duty of generating
vacuum by sucking air and simultaneously sucking sewage are, however,
not very efficient. Further, they are apt to functional disturbances. The
pumps used in this context are designed either for pumping air or pumping
liquid, whereby the transport of both air and liquid generally is not very suc-

25 cessful.

This is due to the typical transport function of a vacuum sewage system, par-
ticularly a vacuum toilet system, where sewage is transported through the
vacuum sewer piping in slugs with intermediate large volumes of air forming

a non-homogenous sewage flow.



3 When a vacuum toilet is flushed by activating the flush function, the discharge valve between the
vacuum toilet bowl and the vacuum sewer piping is opened, and the vacuum prevailing in the vacuum
sewer pipin§vérad8/Bi4P1he sewage and flush water from the toilet into the \REUERO8EW OO Piping. 5
Only a small amount of flush water is needed, due%o the strong suction effect of the vacuum sewer
piping and the atmospheric pressure prevailing in (and around) the vacuum toilet bowl. The amount of

sewage and flushywasar & Dgcaty abirit 8 liehddopseauenibinghaie muRrassstiertifeecacs, i.e.
atmospheric pressure on 10 the toilet bowl side of the sewage and flush water and vacuum on the

vacuum sewer pifiy SRI4Y hBeFSG<RM Y ACLHT RLRLARMY ARIJRENAERURIFE UBERP e
transport of sewageopamhddshnietes tpkesupiapredufity thisHy esmuerdiFewsiceipiietraw sheusewage

and flush water forms a discrete slug followed by a large amount of air, e.g. about 2 litres of sewage

and flush 15 watdPRRNEBARSLIVED NRIELITRM 1S IQUGI gL E VAWl F W EN AR -about

1:30 to air. Adargeameusirefiadnarekadiashovrainioribedss udue SBVWRE RinegsHiRtidredlischarge
valve remains open for a certain period of time. Vacuum seweré;%péi&r;gagﬁenerally is of a relatively small

diameter which hi55 0RE R UFREMSHRIREIS &g RFFRSHER XEYR) P IN

maintaining the prarauseodifieyense dowehposssevin Teat andhvglkdseiwageramerishtha@screte
slugs) necessary for transport. During the transport through the vacuum sewer piping, the slugs are
affected by gravit?awﬂ' é&eﬂ%&ﬁt%@@%me time in horizontally arranged piping. This equalizes the
pressure, 25 whereby the necessary pressure difference described above before and after the discrete
slugs is abolishedCtmsedeaetdlye-tateblishatpeqeassu diftéflencace. éorasswagberan ppessuhe eacuum

Shugs are ofhe o e DS E s TeERe Rge o e el R e e ana
air, especially in avaticcewabqiph@Gidéich truenss wagsecarad) d deiwwaterashem tevdigesygem, is
difficult to pump W)é%@i%'ﬂgﬁ@?i?ﬂ%rasﬁ%g}?@‘f QEWSJQVaWﬂUsh water takes place due to this
pressure difference, whereby the sewage and flush water forms a discrete
slug followed by a large amount of air, e.g. about 2 litres of sewage and flush
15  water followed by about 60 litres of air, i.e. a sewage and flush water in a ra-
tio of about 1:30 to air. A large amount of air is sucked or forced into the
vacuum sewer piping since the discharge valve remains open for a certain

period of time.

Vacuum sewer piping generally is of a relatively small diameter which helps

20 to keep up the formation of the slugs, which again is necessary for maintain-
ing the pressure difference (lower pressure in front and higher pressure be-
hind the discrete slugs) necessary for transport. During the transport through
the vacuum sewer piping, the slugs are affected by gravity and flatten out
after some time in horizontally arranged piping. This equalizes the pressure,

25 whereby the necessary pressure difference described above before and af-
ter the discrete slugs is abolished. In order to re-establish the pressure dif-
ference for sewage transport, the vacuum sewer piping is provided with low
points or pockets, in which the sewage collects so that the discrete slugs are
formed again.



5 An object of the present invention is to provide a vacuum sewer system, which avoids the above
mentioned problems and provides an effective sewage transport with a pump arrangement that
reduces spa¥@ pOORIYEIENt. These objects are attained by a vacuum sewa@€ BFs00i/¢d6edTding to
claim 1 and by a method for operating a vacuum séwage system according to 10claim 9. The basic
idea of the invention is to remain within an on-line solution, thus avoiding any intermediate large

volume collectingdagksaaingito 6eHRec3e VeRas (Wb HisheyptribhApdrais ifdie spABdULREHON (ratio
about 1:30) as they appear or are present in a vacuum sewage system as described 15 above. The

vacuum sewage ¥ 3 QIRHHBESSHIVGIFNOYE JArRHAFHATL RENRIGASHSIEEev iR, Khd a first

pump means andoySRCAMNE BigReeRMEEonnected in parallel to the on-line separator device. The
first pump means is a vacuum pump for generating vacuum in the vacuum sewer piping and 20 for

evacuating air frog1 the sewage flow ﬂowjtmg into the on-line separator device from the vacuum sewer
- ummary he invention : .

piping and the second punip means Is arranged for pumping mainly sewage from the sewage flow
flowing into the online separator device from the vacuum sewer piping. This combination of two pump

means of dif@rerﬁtypvé&emooistm _@mentlyrn@@timnpiﬁgtm@rmﬂﬂaomag@nuus s%m@@y&iwn,
transported in thev%fﬂﬁ %00?8?’95@ e R MRALY .E BRos L dePE e%‘%%” cckie dbgt the
o be effective a

separation has t y carried out within a s space, i.e. within the on-line separator
device. Separatioc?dé deanspat cuitinaRiwnsinee argenaget ishadt wslketsdspape sediieesgiirator

device. The on-ling,seRa5RIREIVELARE(NE4 ByPE GL LA LERRGE%Y stem according to claim

1 and by a method for operating a vacuum sewage system according to
10 claim 9.

The basic idea of the invention is to remain within an on-line solution, thus

avoiding any intermediate large volume collecting tanks, and to remove

sewage (with flush water) and air in the same proportion (ratio about 1:30)

as they appear or are present in a vacuum sewage system as described
15 above.

The vacuum sewage system comprises an on-line separator device in the
vacuum sewer piping, and a first pump means and a second pump means
connected in parallel to the on-line separator device. The first pump means
is a vacuum pump for generating vacuum in the vacuum sewer piping and
20 for evacuating air from the sewage flow flowing into the on-line separator
device from the vacuum sewer piping and the second pump means is ar-
ranged for pumping mainly sewage from the sewage flow flowing into the on-

line separator device from the vacuum sewer piping.

This combination of two pump means of different types allows for efficiently
25 pumping the non-homogenous sewage flow transported in the vacuum
sewer piping. The parallel coupling of the pump means require that the
separation has to be effectively carried out within a small space, i.e. within
the on-line separator device. Separation is generally continuous, since sew-

age is not collected in the on-line separator device. The on-line separator



5 device is arranged to separate air from sewage in the on-line separator device. Advantageously, a
first valve means is arranged on the suction side of the vacuum pump, between the vacuum pump and
the on-line PAWRWEIACe. 5 This is mainly to ensure that the vacuum pulfpIdd2®nessamp liquid.
The on-line separator device is advantageously prévided with a surface level indicator, which is used
for controlling the operation of the first valve means mentioned above. This further helps to ensure that

the vacuum pumpjggies notprangdidlussbpacstiian: fhenswéasgyleveltinslisatnnaiepardasdde-moni-

10 tor the operation of the second pump means, particularly so that sewage is not accumulated in the
on-line separatorV\ffren the sewage flow, containing sewage and flush water as well as air, flows into
the on-line separator device, it is advantageous to ensure that the liquid part flows toward the second

pump means andAteathegeoishataréiliyt Malasetbtnsaigiatrangaduomthenspclitis sidecbietred by
having an outlet of the vacuum sewer piping opening into the on:line separator device directed
Befieed SR BT 20 PR SR ReRiAsT <5

towards the seco\ﬁacﬁwrrnnppr%@epns. eco ean prises a SEtficient
operation of fhe vVabisis reenmdy tosysteng thet poenpeshuoundmlsgphapabladbgumplmuik 20 least to a

limited extent. Consequently, the definition liquid pump in this specific context has to be understood as

defining a pump t i Epége iqui i RLHTR; irat | jmited
extent. In indeper?d%nr?@lgﬁns 1 aaﬁ?c% {g ﬁ%\ag%n%ﬁ?gﬁt% gg??ﬁgyghﬂmp melaﬁ}ls?ai"és@fra?ﬁégg%#cm
pumping mainly Jediggtor \wiiehidsrieeddarcenrifipbngdheope aieomt pieniyshyahesneaidsbe able

also {0 pump SO AR it FOHILP BSHhaR 2 ASHYR RIIA HirbGAT, iSRS liuids

as well. This second pump has to have the capacity to pump also from a source in a state of vacuum

or under pressurd ot tRIApimpiRdkikiedntBRt BOTRED EeNe)dNPEMATTCROME, YSRStdR PRI pump, a
liquid ring pYFP, RS KBeration of the second pump means, particularly so that sewage is

not accumulated in the on-line separator.

When the sewage flow, containing sewage and flush water as well as air,
flows into the on-line separator device, it is advantageous to ensure that the
liquid part flows toward the second pump means and that the air is naturally
15 raised towards the vacuum pump. This is achieved by having an outlet of the
vacuum sewer piping opening into the on-line separator device directed to-

wards the second pump means.

The second pump means comprises a liquid pump. For efficient operation of
the vacuum sewage system, the pump should also be able to pump air at

20 least to a limited extent. Consequently, the definition liquid pump in this spe-
cific context has to be understood as defining a pump that mainly pumps lig-
uid, and also has the capacity to pump air at least to a limited extent. In in-
dependent claims 1 and 8 it is defined that “the second pump means is ar-
ranged for pumping mainly sewage”, which is intended to define that the

25 second pump means should be able also to pump some air. In other words,
it could be classified as a vacuum pump that can pump liquids as well. This
second pump has to have the capacity to pump also from a source in a state
of vacuum or under pressure. The liquid pump in this context could be a self-
priming pump, a rotary lobe pump, a liquid ring pump, or the like.



WO 2008/074915PCT/F12007/050697 6 To provide for retro-fit installations in already existing vacuum
sewage systems, the second pump means may include a liquid jet pump and a liquid pump connected
to a circulat\y@ 20/ 0i&Feby liquid collected in the circulation tank is circul BT IHIIH pump to
the liquid jet pump in order to 5 produce a suction &ffect for pumping mainly sewage from the sewage
flow flowing into the on-line separator device and further pumping said sewage into the circulation

tank. In this way thg peyAaRges retibgiviesembiyestion madherpisyeshalitnnsaiptriasspeady in
use. The vacuum sewa%ﬁ:- system advantageously comprises a pressure gauge 10 connected to the
i

vacuum sewer pifRTSwHIEhSREG5E RISER I Bl -GS PaliOH B rifcPABRh @R Lcbigiidd in

parallel to the on-jompesRiattae tira. iR bR wamk MERS BN i dhRI S RtERLIM PHE @Aas are
consequently oper- ated so that there a continugus or a more or less continuous separation of 15 the

sewage flow is priQft&RNEythE G RIS BY R lHUT RHrBR fR JBGs NN dfE QEE M IhOBIRTHR
separator degice prstitiw eowiion dsprendsopuhmlaYeheitgase s deeisautie sewage fwsiem. The

method accordin? to the invention for operating a vacuum sewa%%as- tem eg&loys_ an on-line

separator device PYHEY AR RS QNS pRTE BB EFUS LN BE RO WP SHL FRYVBEEN the
vacuum sewer piing (Héeiptulatoaepalkate dayiomseper aidrariies setnags-dsuntthesanmge flow

flowing into the on-line sepgrator deyice, from the vacuum sewer piping. A first pump means in the form
of a vacuum pum@@\ér@@rﬁy@fﬁﬂﬁkqmﬁyﬁgﬂ%ﬁjrﬁéér”ﬁi and evacuates air from the sewage
flow flowing into
The vacuum sewage system advantageously comprises a pressure gauge
10  connected to the vacuum sewer piping which may be used for controlling the
operation of the two pumps coupled in parallel to the on-line separator de-

vice.

The first pump means and the second pump means are consequently oper-
ated so that there a continuous or a more or less continuous separation of
15 the sewage flow is provided by the on-line separator device. Sewage is not
collected in the on-line separator device and the continuity depends on the

level of usage of the vacuum sewage system.

The method according to the invention for operating a vacuum sewage sys-
tem employs an on-line separator device in the vacuum sewer piping,
20 whereby a sewage flow is transported through the vacuum sewer piping.
The on-line separator device separates air from sewage from the sewage

flow flowing into the on-line separator device from the vacuum sewer piping.

A first pump means in the form of a vacuum pump generates vacuum in the

vacuum sewer piping and evacuates air from the sewage flow flowing into
25 the on-line separator device from the vacuum sewer piping, and a second

pump means is parallel coupled with the first pump means to the on-line

separator device and pumps mainly sewage from the sewage flow flowing

into the on-line separator device from the vacuum sewer piping. This pro-

vides for using each pump for pumping a medium for which it is designed.
30 The on-line separator separates air from sewage in the on-line separator.



25 the on-line separator device from the vacuum sewer piping, and a second pump means is parallel
coupled with the first pump means to the on-line separator device and pumps mainly sewage from the
sewage floW{ddEPIHI The on-line separator device from the vacuum sewBCBIRY7PH8Yrovides for
using each pump for pumping a medium for which Tt is designed. 30The on-line separator separates
air from sewage in the on-line separator. WO 2008/074915PCT/F12007/050697 7 The method further

employs a first vatte meahe @ TiRR suehasIGjde-filse wacsUmMeBr BrogiweRiR bR \GRee N tpremp and
the on-line separator device. By appropriate timing of the operation, the second pump means may

then be used to eYRGERATY R PRIVERRJREVRCHYER R 3R the PRElenSSHAR®RARYISS operated

so that it generatesy, \@sphapr Rite YiatHgtes fie Wperaieac sseveddivifiehvaivreairankistaepleyed as
an advantageous safety measure in order to ensure that sewa%e and flush water does not flow into the

vacuum pump.  USER AR SHICRRI¥ YGRS 8%€ (AR HTO UpIErafiRg the VAR f4Roage

system are ghvenrifegiajgsdérdiddbsietidescphen@éHiauings br beiliowingimeHevendesswill be
described, by way of example only, with the reference to the accompa%/in schematic drawings, in

which  Fig.1 ild&4tdIGBEHANE BI2RIRRINRIISH BF 2VANAN LSRRG B IGA %L 2

illustrates a first emlppdénentafsune hiine sapgatanavitndywapisn sans CAoRladtt eratsl, and
Fig. 3 illustrates a second embodiment of an on-line separator with two pump means coupled in

parallel. 20Detail&yBdLtiPtion
Advantageous embodiments of the method for operating the vacuum sew-

10 age system are given in claims 10-19.
Brief Description of Drawings

In the following the invention will be described, by way of example only, with
the reference to the accompanying schematic drawings, in which

Fig.1 illustrates an example of a general lay-out of a vacuum sewage sys-
15 tem,

Fig. 2 illustrates a first embodiment of an on-line separator with two pump
means coupled in parallel, and

Fig. 3 illustrates a second embodiment of an on-line separator with two
pump means coupled in parallel.

20 Detailed Description

The invention relates to a vacuum sewage system 100, an example of which
is schematically illustrated in Fig.1. The vacuum sewage system 100 in-
cludes a sanitary unit, such as a toilet unit 101, and vacuum sewer piping
200 connected to the sanitary unit. The vacuum sewer piping 200, as illus-
25 trated in this figure, includes a collector 201, a first main pipe 202 and a sec-
ond main pipe 203, as well as branch pipes 204 connecting to each of the

sanitary units.



The invention relates to a vacuum sewage system 100, an example of which is schematically
illustrated in Fig.1 . The vacuum sewage system 100 includes a sanitary unit, such as a toilet unit 101,
and vacuungeamesarMg 200 connected to the sanitary unit. The vacuum SEAEIPIHINGBOD, as illus-
25 trated in this figure, includes a collector 201, a ffrst main pipe 202 and a second main pipe 203, as
well as branch pipes 204 connecting to each of the sanitary units. WO

2008/074915PCTrha288hitapP6A T drhaisariany.yni camalsroRe 8 aaanbish 183 aavasblesin 103,

a shower unit 104, etc. Each sanitary unit is connected to the vacuum sewer piping, or as illustrated to

the branch pipes 90, 10 nfl&nE R SRSUREYJENIHR SRBESHAD) thg ¥ALHY MR WR/BIR 838 further

includes a vacuusgnstaites SolewcerapeHopigencratindyasidamns bing drRHARysevePipiag 200. In
this connection the vacuum generating device is to be understood only as a generalisation. In the

vacuum sewage SPQUR tHd SV SENRIEISYSIRThASUGEIRFIHARS RaYRPUBORRSIRINGe

vacuum sewsr pigiegide/ 300908 G Heeatrpvatgeneiratad bidbaniasswer prineserog. device 300, and
then 10 transported through the vacuum generating device to e.g. a gravity sewer or to some other

space, where thelgiﬁg:haé ﬁ% s?w%qﬁ is coIIecrtned.e'Ir;hirs Et;snno esh%vnsip tBe drr%yvirnsqg. T%% irstsmain
pipe 202 is connetted 1o the &6 I'8ctor%5f?HPouggn DS Sh R alve O P HNG T s%%on Yriain pipe
203 is connecteddgtreecalieztion201 ths tacugm sceegedsybtdrofthebenzige ishmotetteddr@l is
connected to the yacuum.gener tin devicer 3%q throu%t}a third shut-off valve 210, The coIIec%or 201 is

provided with a presssuarglga%éjé] 400, Basica y th%r(\)/gguurmes\é%:ggén s@% e B) ér}gtgg N Re ?ocflowing

manner. The vacthen \generatingederated3 @Y givee rses v apensnating edeaocein3 @0, senvkrtipgring 200,
usually to a,(high) vacuum level of e.g., up 10 about Q. . after which the vacuum generating device
{0 s P pemen A RN O R AR

may be stopped. e.g. atol uskKed, th chargé valv ween the
toilet unit 101 andarsobrarathgipp 204, iwbpentts disererg edesssveggeiaoo fectedvakbrsissaroed into

the vacuum sewegr%'wqurg%% HHW%&%.SG' a branch pipe

The first main pipe 202 is connected to the collector 201 through a first shut-
off valve 211 and the second main pipe 203 is connected to the collector 201

15  through a second shut-off valve 212. The collector 201 is connected to the
vacuum generating device 300 through a third shut-off valve 210. The collec-
tor 201 is provided with a pressure gauge 400.

Basically the vacuum sewage system operates in the following manner.

The vacuum generating device 300 generates a vacuum in the vacuum
20 sewer piping 200, usually to a (high) vacuum level of e.g. up to about 0.5
bar, after which the vacuum generating device may be stopped. When e.g. a
toilet unit 101 is flushed, the discharge valve (not shown) between the toilet
unit 101 and the branch pipe 204 is opened, whereby the sewage and flush
water is forced into the vacuum sewer piping 200, in this case a branch pipe
25 204, followed by a large volume of air due to the pressure difference be-
tween the vacuum in the vacuum sewer piping and the atmospheric pres-
sure prevailing in and around the toilet unit 101. The sewage and flush water
takes the form of a discrete slug, whereby the transport of the discrete slug
takes place based on said pressure difference, lower pressure in front of the
30 discrete slug and higher pressure behind the discrete slug. This has been

described in more detail above.



25 204, followed by a large volume of air due to the pressure difference between the vacuum in the
vacuum sewer piping and the atmospheric pressure prevailing in and around the toilet unit 101. The
sewage andWldgpod/atétitakes the form of a discrete slug, whereby the tran$§dFsX0 i@ #etrete slug
takes place based on said pressure difference, lowker pressure in front of the 30discrete slug and
higher pressure behind the discrete slug. This has been described in more detail above. WO

2008/074915PCTAﬁ&QHé/@ﬁﬂﬁQVy%ﬁQfHB@eS@@é?f XJSi@HStBW@?(W,déCgSQﬁ@? NGt g. the
toilet unit 101 have been flushed, the washbasin 103 or the shower unit 104 has been used, the

vacuum level in tHOVARMEPEER SRS BEoerIRaRy . \h ok iPreslkrwea it dA2 AR EEBBwW) level,

e.g. about 0.35 bgkdhetraciatnaeneyd rtinkdaiceP0swstasisHdodes iowerstainbror
regenerate the vacuum toéa;ﬁredetermined 5higl)r3 level, e.g. about 0.5 bar as mentioned above. The

pressure level in IREGRD G QIR BIGS G SR WO R LAl dNRNGEUED IFARK may be

used to activate ajtfepabvate BoDViaatHreaaResadivgtd @vesstabliSHAY YageHerseVpge /aysiams are
well known in the art and are not described more in detail in this connection. _Theﬁlressure levels given

above are only gitA REGHGLERNEE AP EVIR 159028 thodPRioAS EVHRNGH RSy Bfstem
further includes apresslife|8epriittiiedeyttrImh (Sigver SingR ) i8 Menestadbgane ppéisgrg0o, to

15 which on-line separatgr device a first pump means 2 and a second. pump means 3 are connected in
Sarallen The two GRS A0 ETE BRI TR o BRI HEEE EBIS CABW m GraeT
embodiment of thgtipg-teeigeparator device 1 with two

10  Such vacuum sewage systems are well known in the art and are not de-

scribed more in detail in this connection.
The pressure levels given above are only given as illustrative examples.

In the present invention, the vacuum sewage system further includes an on-
line separator device 1 (Fig. 2 and Fig. 3) in the vacuum sewer piping 200, to

15  which on-line separator device a first pump means 2 and a second pump
means 3 are connected in parallel. The two pump means are indicated only
schematically in Fig. 1.

Fig. 2 shows a first embodiment of the on-line separator device 1 with two
pump means coupled in parallel to the on-line separator device 1. The first
20 pump means 2 is a vacuum pump connected to the on-line separator device
1 by means of a conduit 21 provided with a first valve means 22, a shut-off
valve, which is arranged on the suction side of the vacuum pump, between
the vacuum pump and the on-line separator device 1. This first valve means
22 is not necessary for the appropriate functioning of the arrangement, but
25 advantageous as a safety feature. The second pump means 3 is a liquid
pump, which also should have the capacity to pump air, the suction side of
which is connected to the on-line separator device 1 by means of a conduit
31. The two pump means are defined and discussed in more detail above.

The on-line separator device 1 is arranged in the vacuum sewer piping 200.
30  With particular reference to Fig. 1, it is arranged in connection with the col-



pump means coupled in parallel to the on-line separator device 1. The first 20 pump means 2 is a
vacuum pump connected to the on-line separator device 1 by means of a conduit 21 provided with a
first valve m&@29@20 739K ut-off valve, which is arranged on the suction sideP6TE&WERNI09 Dump,
between the vacuum pump and the on-line separabr device 1. This first valve means 22 is not
necessary for the appropriate functioning of the arrangement, but 25 advantageous as a safety

feature. The secqagtpHPPIMERBEH{S tAdi B Ayeowhitihelserph@ild hrie Bredrsdraedisiggaump air,
the suction side of which is connected to the on-line separator device 1 by means of a conduit 31. The

two pump means'QHQHERHRY 'FRFHQIHERS H RiblETISeRCHbGHakRs) Tlows into the on-line
2008/074915PCTdER2R1160868612é 1O deglag 2R, warRsphit tbe senage fiowhe taedarm séwdgin of

discrete slugs followed by_large volumes of air (as described above) flows into the on-line seé)arator

device 1 during tHY$EASpbREY R STMBRIBNAL AP e Rk Bk aRe the Galeeir «ReBHing 200,

or in this casg theapodagtsr ATH opas in@ Ny 26 Re BEgarRidINgcOitENe. SeRa@ioeteesasl. The
outlet 205 is preferahly directed towards the second pump means 3, in [éarticular towards the conduit

I .
31 connecting theSIESAR Y FFBHREANNATRSHHESERROL BHAPR APeRNTea: 1N RAZIAEIRS RBWRISR that
liquid or moisturetisedii@edyicenveyesdewyy dedhastitsid pimp pneras 2 3L e anlineesegesator device
1 is provided with a surface leve| indicator 11 for manitoring the sewage level in the on-line separator
device 1 in ortier 6 BNEG e SR JE HRC NGBS R G RGP SUUREY SRR Bowing,
the operation of thewagredumesiwagermpsiesasgploying the on-line separator device with the two pump
means coupled in parallel with 15 the same will be described, with reference to the embodiment of Fig.

2. When a ired,vacuum level, e, iven high level of e.g. about 0.5 bar as discussed apove, is to
be generatggjﬁn tﬁg %&%‘F”mes%%\?égrr%?ﬁn%eé’&ft s E%\ngggr\ﬁlﬁgm%ghjsé %c% |r\s/§1y 'é@ﬁ%e[ag fnPo!Prder to
ensure that it punipsoondayireg Weeysewade v elate thpo ssibip g sepmEiotteyitdine isepal@tdo device

20 1 through the'g%%%%g,S%Ségyraﬁg&%mg{gsdﬂ@{e%glﬁfi ﬁ&g&é@}c?gelwé% of seconds, the first

valve means 22 is opened, wher € vacuum pump IS star n or generate the desired
vacuum in the vacuum sewer piping 200. The vacuum level is monitored by the pressure gauge 400,
and when the deditda&/aelRMiNBidhe IeneratierhebthrXeredMHeHagoahyeesrreapiovindstemsed.

The first pump MeaNg:2 T8y hABIbEeYRRPRAIALNRE RIS HRREAE A B ARSI Ble-delayy frg- about

15 seconds. This depends on the usage of the vacuum sewage system. If it is expected that the
vacuum levéPmajhgesraagavillidfrigstiiredmuitueterangededye, embadinprihpirhignd 2 can be kept

running in order to avoid frequent restarting of
When a desired vacuum level, e.g. a given high level of e.g. about 0.5 bar as

discussed above, is to be generated in the vacuum sewer piping 200, the
second pump means 3 is firstly started in order to ensure that it pumps out
any sewage and flush water possibly present in the on-line separator device
20 1 through the conduit 31. After an adjustable delay, e.g. after about a couple
of seconds, the first valve means 22 is opened, whereby the vacuum pump
is started in order to generate the desired vacuum in the vacuum sewer pip-
ing 200. The vacuum level is monitored by the pressure gauge 400, and
when the desired vacuum (high) level has been reached, the first valve
25 means 22 is closed. The first pump means 2 may then be stopped at the
same time or after an adjustable delay, e.g. about 15 seconds. This depends
on the usage of the vacuum sewage system. If it is expected that the vac-
uum level may decrease within a short time due to high usage, the first
pump means 2 can be kept running in order to avoid frequent restarting of
30 the first pump means 2. The second pump means 3 continues to operate for

a while to remove any sewage and flush water that possibly remains in the



30 the first pump means 2. The second pump means 3 continues to operate for a while to remove any
sewage and flush water that possibly remains in the WO 2008/074915PCT/F12007/050697 11 on-line
separator d8VAt2008/TH816n-line separator device 1 is not intended for collediy Iz MWEAIeATating

sewage. For an efficient operation of the vacuum $&wage system, the first pump means 2 is not run, if
the second pump means 3 is not running. 5When the vacuum sewage system is used, e.g. by flushing

a toilet unit 101, usingha Yepatdier dearidasThEOsH sihehswpelr sidit dedicdra psersiireahiaed farthe
vacuum sewer piping 200. When the vacuum level reaches a predetermined low level, e.g. about 0.35

bar as discussed SHIRRING OHESFURVRINGPRVEPRER AN RITERR MMRIAETMY G ¥E e the
transport func- 1G8aagé thgstaghURSEiraIp Ry eme s hidgpRenFWHLhin the Besoiite passym pump
is still running, e.g. within the adjustable delay of about 15 seconds as mentioned above, the second
pump means 3 is HRANSsEARAPEHIAIR%or a short period, after which the first valve means 22 is
opened in order for vacuum pump to be able to regener- 15ate the desired vacuum level in the
vacuum sew8r piplieea06elivievat semdgect ystidra Ve s, segep\pifishirepehied ehegivéf1ow level
after the vacuum pump has. st?qgcid he seco arted and rup for a while,

t n mp means 3 is. fi thily t
aftor which the i EURVE T o0 HPRTEE v B Lt O B e R ey in
order to raise thethacvafuum sevedinpibenga200n/¥eeretipepuar 20 tetet ppaehdsgh predetss- the
desired level. The prngiRIG, 104 4. B AT 155 TR B LRRYISEeh 363 F8n iy e vac-
uum level needs to be re-established in order to ensure the transport func-

10  tion of the vacuum sewage system.

If this happens within the time the vacuum pump is still running, e.g. within
the adjustable delay of about 15 seconds as mentioned above, the second
pump means 3 is firstly started and run for a short period, after which the first
valve means 22 is opened in order for vacuum pump to be able to regener-

15  ate the desired vacuum level in the vacuum sewer piping 200.

If the vacuum level in the vacuum sewer piping reaches the given low level
after the vacuum pump has stopped, the second pump means 3 is firstly
started and run for a while, after which the first valve 22 is opened and the
vacuum pump is started after an adjustable delay in order to raise the vac-
20 uum level in the vacuum sewer piping 200 to the given high level, i.e. the

desired level.

The principle function of the on-line separator device 1 is to continuously
separate the sewage and flush water from the air in the sewage flow flowing
into the on-line separator device 1 from the sewer piping 200. In this way
25 each of the two pumps can be effectively used to pump a medium that they

are specifically designed to pump.

The second pump means 3 pumps sewage and flush water from the sewage
flow, and the first pump means 2, the vacuum pump, sucks air from the
sewer piping 200, partly in order to generate vacuum and partly to evacuate
30 air from the sewage flow. The first pump means 2 and the second pump



separate the sewage and flush water from the air in the sewage flow flowing into the on-line separator
device 1 from the sewer piping 200. In this way 25 each of the two pumps can be effectively used to
pump a me®¥h2apRO Y are specifically designed to pump. The second pRGHFRIAHESBGIUMps
sewage and flush water from the sewage flow, and?the first pump means 2, the vacuum pump, sucks
air from the sewer piping 200, partly in order to generate vacuum and partly to evacuate 30 air from

the sewage flow. faisst RrEBINSEGTh B G HeeReacss! tRafPeY¥Q@ continuous or a more or
2008/074915PCT/F12007/050697 12 means 3 are consequently operated so that there a continuous

or a more or less ESRtARBHRUQL S SRRA iR YellSg8aNAIR PRI PRV IFEDLRYiHER IAIAST device

1. Sewage is not sgpacieeriadbren-ligewagarrieotevicscleand the eaniin ik dergodasndae level of
usage of the vacuum sewage sys- 5tern. The purpose of the first valve means 22 is to avoid the any

liquid enters the R SARURYIGRERESeR ARa o RIRE S PRe R ORGHHM B8 WARR XS level

indicator 11 that ngenitors the level of sewage and flush water in the on-line separator device 11. The
second pump means 3 is always 10 started when the surface level indicator 11 indicates a given

sewage level in the on-line s%pa tor]glire?}/ice 1. Also, the fjrst E&Jm\P?%ﬁﬁns 2is .notdstarr]lied V\(nen said
S

given sewage leve & MARAEL TS U a\é?elngg]eTﬁH%a or11%€% aoevgﬁ]t%\glg'gghsl?/ Connetted to the

first valve meansi;ieim aungbor Nedvenitine csepatiaipt eeomer atics alsthesandedrgHuatiserensures
that the face level indicator 11 that monitors the level of sewage and flush water in
the on-line separator device 11. The second pump means 3 is always
10 started when the surface level indicator 11 indicates a given sewage level in
the on-line separator device 1. Also, the first pump means 2 is not started
when said given sewage level is indicated. The surface level indicator 11 is
also advantageously connected to the first valve means 22, e.g. a motor
valve, for controlling the operation of the same. This further ensures that the
15 appropriate pump only pumps the medium it is designed for. An additional
measure for this purpose is to arrange that the outlet 205 of the vacuum
sewer piping 200, or the collector 201, opening into the on-line separator 1,

is directed towards the second pump means 3.

The sewage vacuum system functions appropriately even without the first

20 valve means 22 due to efficient separation of the air from the sewage and
flush water in the on-line separator device. The first valve means is used
mainly as a safety measure. The control of the vacuum and sewage flow in
the vacuum sewer piping may be carried out by the first, second and third
shut-off valves 211, 212 and 210.

25 The air sucked by the vacuum pump may be somewhat humid, whereby it is
advantageous to connect a condensate removing arrangement through a
valve means to the pressure side of the vacuum pump, in order to remove

any condensate that is formed.

The second pump means 3 may advantageously be provided with a heat
30 sensor in order to avoid overheating. The pump means is then stopped

when the temperature is too high, e.g. in the event of dry-running.



15 appropriate pump only pumps the medium it is designed for. An additional measure for this purpose
is to arrange that the outlet 205 of the vacuum sewer piping 200, or the collector 201, opening into the
on-line sepav130a8/4348k%ected towards the second pump means 3. The seR&FEFIZHBT0FA8Ystem
functions appropriately even without the first 20 vai¥e means 22 due to efficient separation of the air
from the sewage and flush water in the on-line separator device. The first valve means is used mainly

as a safety measgr HaSiEI# byftkReiNasHION antosANREIA IatkiH dReovaneysamer Oingeg-may be
carried out by the first, second and third shut-off valves 211, 212 and 210. 25 The air sucked by the

vacuum pump m&PER e PRVAGM CPNFREE AN LR RANLRROURS HIRESPLEeH dBrEE

removing arrangefehgH05eVéR pRoMgartotataetRecsaUeesk af dhs \REHEEMPERPbiN tAeder to
remove any condensate that is formed. _The secondgump means 3 may advantageousgﬂg%r
d when

provided with a h8§F0%EMBPIMMSARS 18 dYBRESVEheQing. SR BUFPYRELTs I FRTS!
the temperatgre iggaed)ligfhard thetassenarisd dewaieirgcoléetea0amRis4eLabtEhewA0A7H#ie0697 13

The basic idea of the invention is to remain within an on-line system. Consequently, the sewage
collected from théjg%\\ﬁlf}:ﬂ?'units is transported through the vacuum sewer piping 200 and the on-line
separator device 1 and by the second pump means 3 further to e.g. a gravity sewer or to some other 5
space, where the Thecheegsdredersg)s enchtlestiaheShgiviemabekievanarotilyg dnaevirgs il Tistrptiessure
levels and the timé-:-xsagri]v?gsabove are only given as illustrative examples. Fig. 3 shows a second
embodiment of the Gh-ne Separator device 1 with 10 two pump means coupled in parallel to the
on-line separator device 1. The first pump means 2 is a vacuum pump connected to the on-line
separator device ftigy nehawdfa eerRNG embesimeat\athizerienlar sansiar deyigeufi ofitalve,

which is arraged,gn K6RYHEERAERHIRE YRGUIEIBHBRNREBNEEIABYACHHHRMIBE andrffae on-line

separator device 1. The second 15 pump means 3 is connected to the on-line separator device 1 by
means of a conddifS3 IPUTRP §8€aRE BuldPYeaHs™ duifisesaarie fetthensn s eurserargt®d pump

36 connected to gc{rulatio tank38. Jihe lgHisl AOIeCRavIALRL FHISUAHRR IRINSRhis:Fkcyited by the
liquid pump 36 to the liquid jet pump 32 in order to produce a suction effect in the conduit 31 for
pumping mainly shut-off valve, which is arranged on the suction side of the vacuum pump,
between the vacuum pump and the on-line separator device 1. The second
15 pump means 3 is connected to the on-line separator device 1 by means of a
conduit 31. The second pump means 3 comprises a liquid jet pump 32 and a
liquid pump 36 connected to a circulation tank 38. The liquid collected in the
circulation tank 38 is circulated by the liquid pump 36 to the liquid jet pump
32 in order to produce a suction effect in the conduit 31 for pumping mainly
20 sewage from the sewage flow flowing into the on-line separator device 1 and
further into the circulation tank 38. The second pump means 3 corresponds
to an ejector system. The two pump means are defined and discussed in

more detail above.

The on-line separator device 1 is arranged in the vacuum sewer piping 200.
25 With particular reference to Fig. 1, it is arranged in the collector 201,
whereby the sewage flow in the form of a train of discrete slugs followed by
large volumes of air (as described above) flows into the on-line separator
device 1 during the transport of sewage in the vacuum sewage system. The
vacuum sewer piping 200, or in this case the collector 201, has an outlet 205
30 opening into the on-line separator device 1. The outlet 205 is directed to-

wards the second pump means 3, in particular towards the conduit 31 con-



20 sewage from the sewage flow flowing into the on-line separator device 1 and further into the
circulation tank 38. The second pump means 3 corresponds to an ejector system. The two pump
means are JefirréeBaRePthscussed in more detail above. The on-line separal$iTHERIE/BSHrranged in
the vacuum sewer piping 200. 25 With particular réference to Fig. 1, it is arranged in the collector 201,
whereby the sewage flow in the form of a train of discrete slugs followed by large volumes of air (as

described above)fspiadntRehseeBrn SRRSO HBIdRdINe YaparErdeav@de mHie

vacuum sewage system. The vacuum sewer piping 200, or in this case the collector 201, has an outlet

205 300pening intF 1R h RIS dRaldiarideQlc B iSite IR R OBk iSaeRYEd WS i Ulond
pump means 3, iHgaip¢HERIgwards the conduit 31 con- WO 2008/074915PCT/F12007/050697 14
necting the second pump means 3 to the on-line separator device 1. This helps to avoid that liquid or

moisture is direct convgl)(r?d tongd§ thﬁ f\i/rst p;ljr%p means dZ.W i’Eth an- 'neesle(%c\>/aqaltnoride,[\/ilg:eI Jr IS
provided with a surr?gcgr]eve? inarcator1 P816F mao it%r?ng the sewagg' YO TNE onghﬁ% geparator
device 1 in ofder foravoiitibrinGehagewageneNatds iththerctiresepgatatodelecied. In drddoltowing,

the operation of the vacuum sewage %%%tqutmgloy the on-line separator.device with the two pump

in
means coupled inagg'ral e?%osﬁwvéaga Wil b esc':r}i&e%,on'im?eﬁpeanr elothe Btnbodiment of Fig. 3.

10When a desired vacuum level, e.g. a given high level of e.g. about 0.5 bar as discussed above, is to

be generated in tie teciellawegethsipmgr2tionied e yaspimpeneass yaiseyayitbithsrder to
ensure that it purgps it Q&ya?ﬁ\%?%?gﬁ B (B RL & R RESFRNER LR [ SRAEGHAE device 1

through the conduit 31. After an adjustable delay, e.g. after about a couple 15 of seconds, the first
valve means 22 iS@pensti, hehdessyited vatiuefeengeisostaaaimbastiieend @fdnerale the desired

vacuum in the vacuum sewer piping 200. The vacuum level is monitored by the pressure gauge 400,

and when the desypgd yacHesdgakiavel Reelbesy warharnigr EeeNVahednappatd? sSudpaed. The
first pump means 2 may then be stopped at the . o
discussed above, Is to be generated in the vacuum sewer piping 200, the
second pump means 3 is firstly started in order to ensure that it pumps out
any sewage and flush water possibly present in the on-line separator device
1 through the conduit 31. After an adjustable delay, e.g. after about a couple
15  of seconds, the first valve means 22 is opened, whereby the vacuum pump
is started in order to generate the desired vacuum in the vacuum sewer pip-
ing 200. The vacuum level is monitored by the pressure gauge 400, and
when the desired vacuum (high) level has been reached, the first valve
means 22 is closed. The first pump means 2 may then be stopped at the
20 same time or after and adjustable delay, e.g. about 15 seconds. This de-
pends on the usage of the vacuum sewage system. If it is expected that the
vacuum level may decrease within a short time due to high usage, the first
pump means 2 can be kept running in order to avoid frequent restarting of
the first pump means 2. The second pump means 3 continues to operate for
25 a while to remove any sewage and flush water that possibly remains in the
on-line separator device 1. The on-line separator device 1 is not intended for
collecting or accumulating sewage. For an efficient operation of the vacuum
sewage system, the first pump means 2 is not run, if the second pump

means 3 is not running.

30 The operation of the second pump means 3 in this embodiment is as follows.

Initially a certain level of liquid is needed in the circulation tank 38, so that



20 same time or after and adjustable delay, e.g. about 15 seconds. This depends on the usage of the
vacuum sewage system. If it is expected that the vacuum level may decrease within a short time due
to high usag®OtR@FPSEMIMpP means 2 can be kept running in order to avoidPrddUe7re e ting of the
first pump means 2. The second pump means 3 cdhtinues to operate for 25 a while to remove any

sewage and flush water that possibly remains in the on-line separator device 1. The on-line separator

device 1 is not intgrdeglier SOHRS Br0 ineRMmETo R RaagehERtRE elisdpat poeigtinBAidE
vacuum sewage system, the first pump means 2 is not run, if the second pump means 3 is not

running. WO 200867208 BEHYEEHNDH6YT REMR: 38 URI FEREF3aEASEN dli G TD &R dvhen

the second pumprrseafise3 hisilation asiviaiedr the IrjddIury eerigutasmdTnbeighid i wneps liquid
from the circulation container b wmf the conduit 35. This Ii%uid is then pumped into the liquid jet

pump 32 and outHTREG AR IGHETRUTIR- P Ak 9B RIGINES R G PEREE at the
suction end 4 ofttbe tisidiet PR EsG bR ictReceandLl 3lcudrichrifies s haigewage

and flush water from the on-line separator device 1. The present invention can thus be applied as a

retro-fit to already&hHA4IRE, PrioP ARt IHANEMRRFOAPLERS; WAL SRS BR RGNV anner.

10Consequently, &sdifasstilesidn fopnemiion Wib sépatabpoderisen the vac- uum sewage system is
used, e.g. by flushing a toilet unit 101, using a urinal 102, washbasin 103, or shower unit 104, the

pressure drops inthe vacuum sewer.piping 200. When the vacuum level reaches a predetermined low
vl 0.9, about 0.8 b1 e B D e B SR v G LR AR A B e

in order to ensureptier fienspartfrssivags systeatsium s seRuarspdteand e tiag pegrzneithin the time
the vacuum pump is still running, e.g. within the adjustable delay of about 15 seconds as mentioned

above, the §gCONE AR MBRAYS &s dfedfldH A BURRERok gt RfaBesha0e rumsr tahest-
uum sewage system is used, e.g. by flushing a toilet unit 101, using a urinal

102, washbasin 103, or shower unit 104, the pressure drops in the vacuum

sewer piping 200. When the vacuum level reaches a predetermined low

level, e.g. about 0.35 bar as discussed above, the desired vacuum level

15 needs to be re-established in order to ensure the transport function of the

vacuum sewage system.

If this happens within the time the vacuum pump is still running, e.g. within
the adjustable delay of about 15 seconds as mentioned above, the second
pump means 3, i.e. the liquid pump 36, is firstly started and run for a short

20 period, after which the first valve means 22 is opened in order for vacuum
pump to be able to regenerate the desired vacuum level in the vacuum
sewer piping 200.

If the vacuum level in the vacuum sewer piping reaches the given low level
after the vacuum pump has stopped, the liquid pump 36 is firstly started and
25 run for a while, after which the first valve 22 is opened and the vacuum
pump is started after an adjustable delay in order to raise the vacuum level

in the vacuum sewer piping 200 to the given high level, i.e. the desired level.

The principle function of the on-line separator device 1 is to continuously
separate the sewage and flush water from the air in the sewage flow flowing
30 into the on-line separator device 1 from the sewer piping 200. In this way



20 period, after which the first valve means 22 is opened in order for vacuum pump to be able to
regenerate the desired vacuum level in the vacuum sewer piping 200. If the vacuum level in the
vacuum sewWeo pilvriej+&tiches the given low level after the vacuum pump hZEBHBHENNETiquid pump
36 is firstly started and 25 run for a while, after whi€h the first valve 22 is opened and the vacuum
pump is started after an adjustable delay in order to raise the vacuum level in the vacuum sewer piping

200 to the given Rigbreyrihbawdpdrikeddavee effdiivsipairiar W gianehirecanainerranawjor
device 1 is to continuously separate the sewage and flush water from the air in the sewage flow

flowing 30into the?&h BT IRTBIRE 12 RBMRNhe sewer piping 200. In this way WO
2008/074915PCT/F12007/050697 16 each of the two pumps can be effectively used to pump a
medium that theyTdre speoifidgyrdpsigeadst@pitmeplidlie peropdputogethennsi®) the liguid gatnp 36

together with the liquid jet pump 32 pump se e and flush water from the sewage fl and the first 5
puimp means 2. R0 BUR SR ARE B e Se sasaio onadh B ace
vacuum and partigumpvamais & trenvheusew syerinvstokangiintmthetlon-Beevee apitgr 280ice form

the collector 201. Tl’r]_ﬁ firstd%mrptmeans 2 and the Seco%d,ﬁ?éj?m)ﬁ means 3 ?re co S%(ﬂlflﬁnﬂsy \(Rperated
oft

so that a continudE of ST or Ié)sgecr(])enrt?rtlﬁovl?scg%na?arﬂo éosg\\/vq%a?gg'ﬁow IS pr%wged by the

on-line separator agwittevl fiSeiwgpimic tiee coHknteskpatatardbnesdparatoe dmlieetardi@il thEheontinuity

depends on the Iqyg] f 45ag6.91 105 VACH YL SYBHE TR nbRE Y RIEShlk, [tplysameans 22
is to avoid the any liquid enters the

ated so that a continuous or more or less continuous separation of the sew-

10 age flow is provided by the on-line separator device 1. Sewage is not col-
lected in the on-line separator device 1 and the continuity depends on the
level of usage of the vacuum sewage system.

The purpose of the first valve means 22 is to avoid the any liquid enters the
vacuum pump. The on-line separator device 1 is also provided with a sur-
15 face level indicator 11 that monitors the level of sewage and flush water in
the on-line separator device 11. The surface level indicator 11 is also advan-
tageously connected to the first valve means 22, e.g. a motor valve, for con-
trolling the operation of the same. The liquid pump 36 is always started when
the surface level indicator 11 indicates a given sewage level in the on-line
20 separator device 1. Also, the vacuum pump is not started when said given
sewage level is indicated. This further ensures that the appropriate pump
only pumps the medium it is designed for. An additional measure for this
purpose is to arrange that the outlet 205 of the vacuum sewer piping 200, or
the collector 201, opening into the on-line separator device 1, is directed to-
25 wards the conduit 31 leading to the second pump means 3.

The sewage vacuum system functions appropriately even without the first
valve means 22 due to efficient separation of the air from the sewage and
flush water in the on-line separator device. The first valve means is used
mainly as a safety measure. The control of the vacuum and sewage flow in

30 the vacuum sewer piping may be carried out by the first, second and third
shut-off valves 211, 212 and 210.



vacuum pump. The on-line separator device 1 is also provided with a sur- 15 face level indicator 11
that monitors the level of sewage and flush water in the on-line separator device 11. The surface level
indicator 11W0al8e8Ad4Htageously connected to the first valve means 22, @GT/ARWOTOS0eVe, for
controlling the operation of the same. The liquid pdimp 36 is always started when the surface level
indicator 11 indicates a given sewage level in the on-line 20 separator device 1. Also, the vacuum

pump is not startethwhenssrikkdtSNtRewage eV PUmpHeatet Ibiadurbenansaresbaithet is

appropriate pump only pumps the medium it is designed for. An additional measure for this purpose is
to arrange that theDAUAIBEUST 1Re SANIRIh ScGRIISPRRISIEMAUING RITERGFHET! JPEMS ifo the
on-line separator@gvisenbdaslteetrd feesthmasitetlts aanduitdIntepding tmthpEsicanephibye means
3. The sewage vacuum system functions appropriately even without the first valve means 22 due to
efficient separatidil¥fAPRIGP RS it B ﬁ%gnd flush water in the on-line separator device. The first
valve means is used mainly as a safety measure. The control of the vacuum and sewage flow in 30
the vacuum $ewer epivas o aeheot dinecid\artimntietbretnsaicowidtdan cdthod-Ehatsysteatvesaike- 212 and
210. WO 2008/07491 P GRIr 120071050684,47 Fhc A suckerd by s achumpuma a0,
somewhat humidg\lfv%ercgby 78 advgﬁtgge%us ?o CONnect aLorUendaig R wr% arf ngengnt through
a valve means totthe yaegamessidergifriegr200uamg dingpom orel esejoarahoo veaice doaddrfsatiecthat is
formed. 5The basic i %as%fctcpr? din\ﬁ?rr]'tioné% rt1% Enr%nfrvv'rtnh% ni(r)nJI'jeﬂFo ﬁ%%tﬁ%ér%nge- qduentl /, the
sewage collected tfomthe sanltgry URiteSe transportegthroug% e vacuum Sewer piping 960 and the
on-line separatorities@ecr andofshes bihérespacendvhensptimecdissiBagetisaw Hye ¢ caiticiedank 38 to
eg.a gravi%sew%igri éo Sl eoc\%melrr] ?ch rawpnerg the discharged sewage is collected. 10This is not
shown in the drawings. Tie pressure levels and e times given above are only given as illustrative
examples.

P The pressure levels and the times given above are only given as illustrative

examples.

The description and drawings are only intended to clarify the basic idea of

the invention. The invention may vary within the scope of the ensuing claims.



The description and drawings are only intended to clarify the basic idea of the invention. The invention
may vary within the scope of the ensuing claims. 18 Claims 1. Vacuum sewage system, which
comprises a sanitary unit, such as a toilet unit (101), vat&um sewer piping (200) connected to the sanitary
unit, a discharge valve between the sanitary unit and the vacuum sewer piping, wherein the discharge
valve is arranged to be opened when the sanitary unit is used, a first pump means (2) for generating
vacuum in the vacuuf@la®ger piping, and a second pump means (3) for pumping mainly sewage, which
system comprises an on-line separator device (1) in the vacuum sewer piping (200), characterised in that
the first pump means1(2) anddteusesend g sysie@anhi@) avenposescecmitggraiié) sutheasnaline

separator device (1), first pu IS arr te g,V l.between a
given high level and émp%tégjet'tetrﬁnﬂé ovl{r/q%?/%?\élgt?f@p\% WSE%VI%?%?%%SO@S%%%{I@ 'Jtié%onrj’?- Ine
separator device (1), ¢ipehayas a@lvaecbgivesm havagpitapnumivang ife trrRCoRIirewSHREIIBE device (1);

and the second pump,mgapsikd) dseRERGESAIIR RBHFaAHER o SIGEH EOWHES SRV« BRdIQWAPwWing into
the on-line separator device (1) which is under the vacuum level between the given high level and the

predetermined low leFetS&d 3 FREPHIRA/ RGN (SR L LG ARLRAT MRI8)Bd IRPNEQLGYNBSENE 'gauge (400)
connected to the vacpipingesver aipawid00)fer memi By fthepuagingrieaislyisdimyacuwhickewer piping

(200). 2. Vacuum seyage according to clai harac d in that a first valv ans (22) is
arranged on the suct%%@%ﬁﬁé%gétaﬁu?ﬁgdﬁ%egé% é}?%@'{ev\\llé%nﬁﬁénﬂtrg S’S?nuﬁj ﬁegég\r’lvsg %gﬁénd the
on-line separator deviee (A00)3chrrastenised iythalstem according to claim 1, characterised in that the
on-line separator device (1) is provided with a surface level indicator (11). 19 4. Vacuum sewage system

according to claim 1, charactetisedirst tpatan metat (205 x0d thevesttny pewer pipang (2)0aepening into
the on-line separator deviee, (1 if SR IIMESR RS SESARUDRLIRTIH the first pump

means (2) is arranged to generate a vacuum level between a given high

level and a predetermined low level in the vacuum sewer piping (200) and

the on-line separator device (1), and to evacuate air from sewage flow flow-

ing into the on-line separator device (1);

and the second pump means (3) is arranged to pump mainly sewage from
the sewage flow flowing into the on-line separator device (1) which is under
the vacuum level between the given high level and the predetermined low
level, and in that the vacuum sewage system (100) comprises a pressure
gauge (400) connected to the vacuum sewer piping (200) for monitoring the

vacuum level in the vacuum sewer piping (200).

2. Vacuum sewage system according to claim 1, characterised in that a
first valve means (22) is arranged on the suction side of the first pump
means (2), between the first pump means (2) and the on-line separator de-
vice (1).

3. Vacuum sewage system according to claim 1, characterised in that

the on-line separator device (1) is provided with a surface level indicator

(11).



5. Vacuum sewage system according to claim 1, characterised in that the second pump means (3)
comprises a liquid pump, such as a self-priming pump, a rotary lobe pump, a liquid ring pump, etc. 6.
Vacuum sewage system according to claim 1, charactet@ed in that the second pump means (3)
comprises a liquid jet pump (32) and a liquid pump (36) connected to a circulation tank (38), whereby
liquid collected in the circulation tank is circulated by the liquid pump to the liquid jet pump in order to

produce a suction efféct for YRAMPAFPNAER Sesirpefentiing kedate florhReasteyised thetoatline
separator device (1) gRJUIEIDDG TG ais SR RIS 9L info MRINSHL s Operating &

vacuum sewage system according to gne of claims 1-6, which includes a sanitary unit, such as a toilet

unit (101), vacuum s&FRPBISIEFBER | &INLRREIOUR/ES NG SBFPIERURRAR A BN the vacuum

sewer piping, whereby the discharge valve is opened when the sanitary unit is used, in which method a
first pump means (2) ¥s usedf 3EUEN SAMEIREYSHATH aReOVEIDGUI Saler piphagasteriseddori®ump means

(3) is used to pump mygiNiKESWASANY RigBTBGY)RS PRINEYS A NEHNR SCARIRIRS SRWED(Hiiy the vacuum

sewer piping (200), characterised in that the first pump, means (2) and the second pump means (3) are
connected in parallel RYTHe BEOFHY LRSPHIP R VREHNIRVMR Sl¢mp means (2) is arranged to generate

a vacuum level between a given high level and a predetermined low level in the vacuum sewer piping
(200) and the on-line&eparXi@ruienisewaycapystore\2aneatingitdrelairelvagitaresteriseshdnit@the on-line

separator device (1):ﬁk@§@&%d&}maprﬁé%ﬁ\@s§§)d§rﬁm&eg fQRHTH MAPY(SE)A%E Faquie sewage
flow flowing into the on-line \gﬁiﬁrator device (1) which is under the vacuum level between the given high

level and the predetePHRAIBIWCRIVSCIE. th tnefeHIERR daml 1IR3 INRREEBUJHA SelRGiSoiRg (200) is

monitored by means tieacinessive gakge @)at@d by. tiMethpidasemsitngtive diqil Btghargacterised in that
the method employs a H’rst valve means 2% on.the.s ction side of thq first Ump means :@N between the
or 6’1 dl\?% e 1rom the -

first pump means (2) angrﬂt]% ek fﬁceesaega(r:a r %e%clzéeo(rls)’umwﬁcw%%}/h%e 2secon pump means (3) is

started after the vacuegr [Eew| flowieoyiiathe sewviteiprngretooypvise dderang thethesduterpiiged low level,

the first valve means {22)ds plAker &R asildsiatig delay after the second pump means (3) has been
started, the first pump means (2) is started after an adjustable delay after the first valve means (22) has

been opened, and in ﬂqat the fiﬁé K%I% neans 22) is\,d&s&r% afet\(;'vra thee vaeuum I%\C/)%iin t?g yacuum sewer
piping (200) has reached a given thlg Vel E MR Rod accoralng D craim g] BRaPaclEtisedin that the first
pump means (2) is stopgletinat tHo vdnieh throkodesaftspaiteayljuritablecaay dfitat thieitirtd Valvecmeans (22)
has been closed. 10, \irthagRcaringde)clatisnsiprasiesiselidhaldne ses9shR e feans (3) is

stopped after an adjustable delay after the first pump means (2) has been stopped.
vacuum sewer piping, whereby the discharge valve is opened when the

sanitary unit is used, in which method a first pump means (2) is used to gen-
erate vacuum in the vacuum sewer piping and a second pump means (3) is
used to pump mainly sewage, which method employs an on-line separator
device (1) in the vacuum sewer piping (200), characterised in that the first
pump means (2) and the second pump means (3) are connected in parallel
to the on-line separator device (1), the first pump means (2) is arranged to
generate a vacuum level between a given high level and a predetermined
low level in the vacuum sewer piping (200) and the on-line separator device
(1), and to evacuate air from sewage flow flowing into the on-line separator
device (1); the second pump means (3) is arranged to pump mainly sewage
from the sewage flow flowing into the on-line separator device (1) which is
under the vacuum level between the given high level and the predetermined
low level, and in that the vacuum level in the vacuum sewer piping (200) is

monitored by means of a pressure gauge (400).



11. Method according to claim 9 or 10, characterised in that, if the vac- uum level in the vacuum sewer
piping (200) reaches the predetermined low level before the first pump means (2) has been stopped, the
second pump means (3) is started and the first valve mgans (22) is opened after an adjustable delay. 12.
Method according to claim 9 or 10, characterised in that, if the vac- uum level in the vacuum sewer piping
(200) reaches the predetermined low level after the first pump means (2) has been stopped, the second

pump means (3) is sttrted, theMrEiahIgecRieH)s (@Bl derrhnraetests edinsthse thel ayedted the second
pump means (3) has &g siatad: 2addiBahT @ S BMEBUBRANSIER) 5 Biariad @liap aeadiystable

delay after the first valve means (222}2has been opened jn order to raise the vacuum |evel in the sewer

piping (200) to the giveh RRGHFEDINEASE BURB AR AR d6HARY IBCARINE SABRFLARIEBYSR {4t the method
em- ploys a surface levelhivticatth¢tilihe Heeard|ipensepacary (Bvises{anednalfer thres semanampump

3) is started when. - b : .y i
ceparator device (1). LE Hleloa aeaian D PR R B e e o

surface level indicatoteVEl) thetfiesoralusersepas 48 de pieened adied an it fieblpsigiavpitaidhns (2) is not
started when the surfgg&lﬁ/q;dmgca{gé,i@d@t%@l BEN Saage tey etk tbg@@-ﬁﬁ@aﬁgp@r)aﬁgr device (1).
started after an adjustable delay after the first valve means (22) has been
opened, and in that the first valve means (22) is closed after the vacuum

level in the vacuum sewer piping (200) has reached a given high level.

9. Method according to claim 8, characterised in that the first pump
means (2) is stopped at the same time or after an adjustable delay after the

first valve means (22) has been closed.

10.  Method according to claim 8, characterised in that the second pump
means (3) is stopped after an adjustable delay after the first pump means (2)

has been stopped.

11.  Method according to claim 9 or 10, characterised in that, if the vac-
uum level in the vacuum sewer piping (200) reaches the predetermined low
level before the first pump means (2) has been stopped, the second pump
means (3) is started and the first valve means (22) is opened after an ad-

justable delay.

12.  Method according to claim 9 or 10, characterised in that, if the vac-
uum level in the vacuum sewer piping (200) reaches the predetermined low
level after the first pump means (2) has been stopped, the second pump
means (3) is started, the first valve means (22) is opened with an adjustable
delay after the second pump means (3) has been started, and in that the first
pump means (2) is started after an adjustable delay after the first valve
means (22) has been opened in order to raise the vacuum level in the sewer

piping (200) to the given high level.
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13. Method according to claim 7, characterised in that the method em-
ploys a surface level indicator (11) in the on-line separator device (1), and in
the second pump means (3) is started when the surface level indicator indi-

cates a given sewage level in the on-line separator device (1).

14.  Method according to claim 7, characterised in that the method em-
ploys a surface level indicator (11) in the on-line separator device (1), and in
that the first pump means (2) is not started when the surface level indicator

indicates a given sewage level in the on-line separator device (1).
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