
à  J E u r o p a i s c h . e s   

P a t e n t a m t  

European  Patent  Office  (fi)  Publication  number: 

Office  européen  des  brevets  

®  EUROPEAN  PATENT  SPECIFICATION 

<®  Dateof  publication  of  patent  spécification:  23.07.86  (J)  Int.  Cl.4:  E  03  F  1 / 0 0  

(§)  Application  number:  81305747.8 

®  Date  offiling:  04.12.81 

0   0 5 3   9 3 2  

(54)  Liquid  transport  method. 

CD 

CM 
W  
O) 

m  
o  
o  

0 .  
LU 

(§)  Priority:  06.12.80  GB  8039194  (73)  Proprietor:  Small,  Stuart  Hopton 
18.09.81  GB  8128297  Hjorung  Veien  9 

Oslo  3  (NO) 

(§)  Date  of  publication  of  application: 
16.06.82  Bulletin  82/24  (72)  Inventor:  Small,  Stuart  Hopton 

Hjorung  Veien  9 
Oslo  3  (NO) 

(45)  Publication  of  the  grant  of  the  patent:  — 
23.07.86  Bulletin  86/30 

(74)  Representative:  Perry,  Robert  Edward  et  al 
GILL  JENNINGS  &  EVERY  53-64  Chancery  Lane  , (ft)  Designated  Contracting  States:  London  WC2A  1  HN  (GB) 

ATCH  DEFR  IT  LI  LU  NLSE 

(5§)  References  cited: 
WO-A-81/00102 
DE-A-3  001  150 
FR-A-  847  250 
FR-A-2308  742 
FR-A-2415  028 
US-A-3  049489 

Note:  Withm  nme  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1)  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



This  invention  relates  to  a  method  for  inter- 
mittently  transporting  liquids,  e.g.  in  a  vacuum 
sewer  system. 

A  conventional  vacuum  sewer  system  com- 
prises  a  waste  inlet  and  a  vacuum  pump  con- 
nected  by  a  line  including  a  valve  providing  a  seal 
in  the  line.  The  pressure  difference  across  the 
valve  is  often  about  0.5  atm.  Opening  the  valve 
causes  evacuation  of the  inlet,  and  a  plug  of waste 
is  subjected  to  considerable  acceleration  under 
the  influence  of  the  pressure  difference.  On 
evacuation,  this  plug  acts  like  a  projectile  and  can 
make  the  system  very  noisy. 

A  further  disadvantage  of  such  a  system  is  the 
need  to  pass  waste  through  a  mechanical  valve. 
Moreover,  since  the  valve  is  usually  operated  on  a 
time-delay  basis,  air  may  be  drawn  into  the 
system  unnecessarily  after  the  plug  of  waste  has 
been  evacuated  from  the  inlet  and  before  the 
valve  closes. 

The  flushing,  cleaning  and  filling  of  conven- 
tional  lavatories,  whether  or  not  flushed  under 
vacuum,  involves  the  use  of  @--considerable 
amount  of  water.  The  design  of  conventional 
lavatories  is  such  that  they  are  usually  con- 
structed  from  porcelain,  and  are  shaped  to  pro- 
vide  the  most  advantageous  flow  of  flushing 
water.  They  also  require  an  odour  trap,  usually  in 
the  form  of  a  "U-bend".  These  design  features 
combined  make  a  number  of  internal  and  external 
surfaces  which  are  difficult  to  reach  for  thorough 
cleaning. 

There  may  be  occasions  on  which  it  is  desirable 
to  join  a  vacuum-flush  lavatory  or  a  vacuum 
sewer  system,  e.g.  of  the  type  described  in 
WO-A-81/00102  (falling  under  Art.  54(3)  EPC), 
to  a  conventional  sewer  system  operated  under 
ambient  pressure.  For  example,  it  may  be  desired 
to  increase  the  number  of  houses  in  an  area 
where  ground  conditions  and  topography  for  the 
undeveloped  sites  favour  the  introduction  of  one 
or  more  vacuum-flushed  systems,  but  where  a 
conventional  system  has  previously  been  used  in 
the  area.  This  may  involve  the  contrasting  prob- 
lems  of  transferring  liquid,  e.g.  effluent,  from  a 
vacuum  environment  to  an  ambient  pressure 
environment,  and  vice  versa.  Further,  where 
waste  or  other  liquid  is  transported  via  a  pipe 
under  ambient  pressure,  and  the  pipe  has  to  pass 
over  unfavourable  terrain,  it  may  be  desirable  to 
use  a  vacuum  system  to  transport  the  liquid  from 
one  section  of the  pipe  to  another  over  the  terrain. 

WO-A-81/00102  describes  apparatus  com- 
prising  a  tank  having  an  inlet  and  an  outlet; 
means  for  reducing  pressure  in  the  tank;  and  an 
air  inlet  into  the  tank.  Figure  5  therein  illustrates 
an  embodiment  of  such  apparatus  in  which  a  first 
tank  (as  defined)  is  connected  via  a  rise  pipe  to  a 
secondary  tank.  The  secondary  tank  is  connected 
to  a  vacuum  pump  and  has  an  outlet  through 
which  liquid  may  be  discharged.  When  the  level 
of  liquid  in  the  first  tank  reaches  the  inlet  to  the 
rise  pipe,  a  mixture  of  air  and  liquid  in  the  primary 

tank  is  drawn  up'through  the  rise  pipe  under  the 
influence  of  the  reduced  pressure. 

US-A-4147474  describes  a  method  for  trans- 
ferring  a  liquid,  particularly  liquid  metal  such  as 
magnesium,  from  a  supply  to  a  receiver.  During 
transfer,  liquid  passes  into  a  liquid  inlet  which  is 
always  submerged  in  the  supply  liquid,  up  a 
transfer  pipe  and  into  a  "buffer  receptacle"  im- 
mersed  in  the  liquid  in  the  receiver.  There  is  a  gas 
inlet  into  the  buffer  receptacle;  this  is  closed  while 
a  suction  pump  draws  in  liquid  from  the  supply. 
The  gas  inlet  is  opened,  to  allow  the  buffer  recep- 
tacle  to  be  flushed  with,  say,  argon  while  the 
pump  is  shut  off. 

According  to  the  present  invention,  liquid  is 
intermittently  transported  along  a  line  com- 
prising,  in  order,  a  liquid  inlet  always  or  substan- 
tially  always  submerged  in  the  liquid,  a  rise  pipe 
and  a  collection  tank,  by  operating  a  pump  which 
reduces  pressure  in  the  line,  and  in  which  there  is 
an  air  inlet  through  which  air  can  flow  into  the 
line,  the  method  comprising  operating  the  pump 
and 

(i)  leaving  the  air  inlet  open  to  the  atmosphere, 
such  that  a  column  of  liquid  is  maintained  in  the 
rise  pipe  above  the  level  of  liquid  at  the  inlet,  the 
height  of  the  column  being  determined  by  the 
reduced  pressure  drawn  by  the  pump  working 
against  the  loss  of  pressure  reduction  caused  by 
air  inflow,  and 

(ii)  intermittently  causing  liquid  to  pass  up  the 
column  and  into  the  collection  tank. 

The  method  of  the  present  invention  can  be 
used,  in  general,  where  vacuum  sewer  systems 
are  employed.  The  method  is  of  particular  use  in 
transporting  liquid  from  a  lavatory. 

Step  (i)  of  the  method  of  the invention  is  what 
may  be  termed  the  "steady  state".  The  rise  pipe 
should  be  sufficiently  high  to  allow  the  column, 
e.g.  a  water  column  of  about  1  m,  to  stand  in  the 
pipe  in  this  state. 

The  rise  pipe  should  not  be  so  high  that  there 
cannot  be  liquid  transport,  in  step  (ii).  In  this 
second  step,  transport  may  be  effected  by  raising 
the  level  of  liquid  at the  inlet.  Preferably,  however, 
the  air  inlet  is  closed,  thereby  removing  the  loss 
of  reduced  pressure  caused  by  air  inflow. 

The  air  inlet  may  be  blocked  manually  or, 
preferably,  mechanically  (using  a  valve).  A  suit- 
able  valve  comprises  a  spring-loaded  closure 
member,  such  that  the  air  inlet  is  open  except 
when  the  member  is  caused  to  close  the  inlet 
against  the  action  of  the  spring.  Closure  of  the  air 
inlet  may  be  effected  on  a  time-delay  sequence. 
An  automatic  sequence  may  be  appropriate  for 
use  with  urinals. 

The  liquid  inlet  may  be  submerged  in  a  body  of 
liquid  standing  or  continuously  flowing  in  a  ves- 
sel  or  pipe.  In  order  that  the  liquid  inlet  should  be 
always,  or  at  least  substantially  always,  sub- 
merged  in  liquid,  a  standing  body  of  liquid  should 
be  replenished  once  a  sufficient  volume  of  liquid 
has  been  transported.  Replenishment  means  may 
be  designed  to  deliver  liquid  to  replace  that  trans- 
ported,  only  when  desired.  For  example,  a 



replenishment  tank,  or  series  of  tanks,  may  be 
provided,  adapted  to  deliver  a  predetermined 
quantity  of  liquid  to  the  inlet  when,  or  shortly 
after,  the  air  inlet  is  blocked.  Such  an  arrange- 
ment  is  particularly  appropriate  when  a  lavatory 
forms  the  liquid  inlet.  A  replenishment  tank  for  a 
domestic  lavatory  can  be  mounted  in  the  same 
manner  as  a  conventional  lavatory  cistern. 

If  the  air  inlet  is  closed  for  a  relatively  short 
period  of  time,  a  proportion  only  of  liquid  pre- 
viously  standing  in  the  rise  pipe  may  be  trans- 
ported.  If  the  air  inlet  is  closed  for  a  relatively  long 
time,  the  liquid  seal  between  the  inlet  and  the 
pump  may  be  removed.  The  resultant  increase  in 
pressure  in  the  line  may  be  used  to  cause 
replenishment  of  liquid  at  the  inlet.  Similarly,  re- 
opening  of  the  air  inlet  may  be  used  to  cause 
replenishment.  In  general,  it  may  be  said  that  the 
invention  is  based  on  the  application  of  changes 
in  pressure. 

The  collection  tank  may  comprise  an  outlet 
through  which  liquid  may  be  removed,  as  desired 
or  necessary,  and  which  is  connected  to  the 
pump.  It  is  then  convenient  to  introduce  an  air 
inlet  into  the  collection  tank.  The  air  inlet  can 
provide  the  dual  purpose  of  aerating,  and  causing 
mechanical  attrition  of,  any  solids  in  the  tank,  and 
of  acting  as  the  cause  of  transport,  on  being 
blocked.  Such  discharge  tanks  are  of  the  type 
described  and  claimed  in  International  Patent 
Publication  No.  WO  81/00102.  The  liquid  column 
can  provide  the  inlet  valve  suggested,  and  illus- 
trated  in  the  drawings  as  valve  3,  in  that  publi- 
cation.  For  maximum  attrition  and  circulation,  the 
point  of  air  inlet  into  liquid  may  be  surrounded  by 
a  skirt. 

A  replenishment  tank  discharging  directly  to 
the  liquid  transport  inlet  may  be  connected  to  a 
liquid  supply  tank,  e.g.  via  a  hydraulic  leg,  which 
is  in  communication  with  the  pump.  In  the  steady 
state,  if  the  limbs  of  the  hydraulic  leg  are  of 
sufficient  length,  separate  colums  of  liquid  stand 
in  each  limb  of  the  leg.  By  control  of  the  relative 
heights  and/or  cross-sections  of  the  limbs,  clos- 
ure  and  re-opening  of the  air  inlet  can  cause  liquid 
to  pass  into  the  limb  in  connection  with  the 
replenishment  tank.  This  effect  can  be  used  to 
replace  liquid  at  the  transport  inlet,  simply  by 
allowing  the  liquid  level  in  the  replenishment  tank 
to  pass  through  an  overflow  outlet  connected  to 
the  liquid  inlet  of  the  apparatus. 

By  way  of  example,  a  "flushing"  tank  may  be 
present  in  the  leg,  and  this  tank  may  be  connected 
to  the  pump.  The  liquid  inlet  to  the  flushing  tank 
may  be  a  relatively  large  bore  connection,  to  the 
supply  tank,  and  the  liquid  outlet  from  the  flush- 
ing  tank  a  relatively  small  bore  connection,  to  the 
replenishment  tank.  The  former  connection  may 
be  of  a  height  greater  than  the  column  of  liquid 
which  can  be  maintained  therein  in  the  steady 
state,  but  less  than  the  height  of  the  "column" 
when  the  air  inlet  is  closed. 

The  flushing/replenishment  tank  arrangement 
described  above  requires  that  the  height  of  the 
limb  above  the  replenishment  tank  should  be 

such  that  it  can  hold  a  column  of  liquid,  in  the 
steady  state.  If  it  is  desired  that  the  flushing  tank, 
which  will  normally  be  in  the  apex  of  the  leg,  is  a 
smaller  height  above  the  replenishment  tank, 
then  this  can  be  achieved  by  leading  the  air  inlet 
into  the  flushing  tank,  and  then  into  a  collection 
tank  of  the  type  described.  The  pressure  differ- 
ence  between  the  flushing  and  replenishment 
tanks  is  then  smaller  than  the  difference  between 

. the  collection  tank  and  the  inlet  (which  deter- 
mines  the  height  of the  column  in  the  rise  pipe)  by 
a  factor  determined  by  the  depth  of  the  air  inlet 
line  beneath  liquid  in  the  collection  tank. 

The  height  of  a  flushing  tank/replenishment 
tank  arrangement  may  be  such  that  a  lavatory  can 
be  sufficiently  well  flushed  by  discharge  of  water 
thereinto,  under  gravity.  Cleaning  of  a  lavatory 
may  be  achieved  by  control  of  the  air  inlet,  such 
that  the  level  of  liquid  therein  is  caused  to  oscil- 
late. 

Individual  supply  tanks  can  be  supplied  with, 
say,  water  from  a  main.  The  supply  into  each  tank 
is  suitably  monitored  by,  say,  a  conventional  ball- 
cock.  It  may  also  be  desirable  to  replace  liquid  in  a 
hydraulic  leg  leading  to  a  replenishment  tank,  e.g. 
into  a  flushing  tank  of  the  type  described,  and  this 
can  be  controlled  as  desired. 

A  plurality  of  liquid  inlets  may  be  connected, 
each  via  an  associated  rise  pipe,  to  a  single  col- 
lection  tank  and  a  single  vacuum  pump.  In  step  (ii) 
of the  method  of the  invention,  the  collection  tank 
collects  liquid  from  all  the  rise  pipes  connected  to 
the  pump.  This  may  be  satisfactory  where,  for 
example,  the  liquid  inlets  are  a  plurality  of  urinals 
but  will  be  less  satisfactory  where,  for  example, 
each  liquid  inlet  is  an  individual  lavatory. 

Further,  liquid  transported  by  the  invention 
may  carry  solids,  e.g.  when  the  inlet  is  a  lavatory. 
It  may  be  desirable  to  ensure  that  any  solids  are 
disintegrated  before  being  carried  long  distances 
through  pipes  in  the  apparatus,  in  order  that  not 
all  the  pipes  have  to  be  of  a  cross-section  suf- 
ficient  to  allow  the  solids  to  pass  therethrough. 

Where  it  is  desired  to  control  the  transport  of 
liquid  to  a  common  collection  tank  from  a  plu- 
rality  of  inlets,  and/or  where  it  is  desired  to  dis- 
integrate  solids  before  transporting  liquid  to  a  col- 
lection  tank,  it  may  be  desirable  to  form  each  rise 
pipe  as  an  intermediate  tank,  or  to  connect  each 
rise  pipe  to  an  intermediate  tank.  In  the  latter 
case,  the  intermediate  tank  can  be  connected  to 
the  collection  tank  via  a  secondary  rise  pipe  in 
which  a  column  of  liquid  can  be  maintained,  in 
the  steady  state.  Attrition  of  solids  in  an  inter- 
mediate  tank  can  be  provided  by  an  air  inlet. 
Difference  in  pressure  between  air  inlets  into 
intermediate  and  collection  tanks  can  be  achieved 
by  providing  a  constricted  line  leading  into  the 
intermediate  tank  from  a  point  where  the  atmos- 
phere  is  regulated  by  the  pump. 

A  constricted  line  can  also  be  used  to  provide 
the  pressure  difference  necessary  to  maintain 
columns  of  liquid  when  the  transport  line  com- 
prises  two  rise  pipes.  The  height  of  the  liquid 
column  in  a  rise  pipe  between  one  liquid  inlet  and 



its  intermediate  tank  is  then  determined,  in  the 
steady  state,  by  the  pressure  reduction  caused  by 
the  pump,  taking  into  account  the  pressure  in- 
crease  caused  by  the  air  inlet  and  the  drop  in  the 
pressure  at  the  constriction  in  the  air  line.  Suf- 
ficient  difference  in  pressure  can  be  achieved  by 
blocking  the  air  inlet to  cause  liquid  in  the  first  rise 
pipe  to  be  removed  into  the  intermediate  tank. 

In  operation  of  the  invention  with  a  plurality  of 
liquid  inlet/rise  pipe/intermediate  tank  units,  it. 
may  be  desirable  to  use  a  constant  pressure 
vacuum  valve,  such  that  the  treatment  vacuum  is 
unchanged  on  blocking  the  air  leak  into  any  inter- 
mediate  tank.  If  desired,  the  overpressure  from 
the  pump  may  be  used  to  aerate  waste  dis- 
charged  from  the  system,  e.g.  in  a  trickle  filter. 

As  an  alternative  to  the  type  of  collection  tank 
described  above,  the  liquid  transport  line  may 
have  an  outlet  submerged  in  liquid  in  a  collection 
tank.  In  step  (i),  a  column  of  liquid  then  stands  in 
the  line  above  the  liquid  level  at  the  outlet. 
Transport  of  liquid  between  the  inlet  and  the 
outlet  may  be  controlled,  if  desired,  by  varying 
the  cross-section  of  pipes  in  the  line,  and/or  by 
providing  further  air  inlets,  e.g.  between  the 
pump  and  the  outlet,  and/or  by  providing  a  plu- 
rality  of  vacuum  pumps. 

The  invention  will  now  be  described  with  rela- 
tion  to  the  use  of  the  apparatus  in  transferring 
liquid  from  a  standing,  or  continuously  flowing, 
body  of  liquid,  depending  on  the  level  of  the 
body.  This  can  be  achieved  by  providing  the  inlet 
to  the  transport  line  in  the  body of  liquid  and  the 
air  inlet  in  connection  with  an  opening  a  small 
distance  above  the  level  of  the  line  inlet.  When  the 
level  of  the  body  of  liquid  is  below  the  opening, 
the  air  inlet  is  open  and  there  is  no  transport. 
When  the  level  of  the  body  of  liquid  rises  above 
the  opening,  liquid  or  a  liquid/air  mixture  is  drawn 
into  the  opening,  the  air  inlet  is  effectively 
blocked,  the  pressure  in  the  line  is  reduced  and 
liquid  transport  through  the  line  inlet  can  take 
place.  In  this  way,  for  example,  the  invention  can 
be  used  to  transfer  liquid  from  an  atmospheric  to 
a  vacuum  system,  e.g.  waste  from  a  conventional 
sewer  system  to  a  vacuum  sewer  system.  For  this 
purpose,  apparatus  may  comprise  a  primary  flow 
pipe;  a  rise  pipe  extending  into  the  primary  pipe; 
and  a  level  control  pipe,  in  parallel  to  the  rise  pipe, 
both  the  level  control  and  rise  pipes  being  con- 
nected  to  a  vacuum  pump. 

The  rise  and  control  pipes  may  both  lead  into 
the  same  collection  tank.  A  first  constant  pressure 
valve  may  be  provided  in  the  control  pipe  line, 
which  causes  reduced  vacuum  to  be  applied 
when  the  inlet  to  the  control  pipe  is  uncovered.  A 
second  constant  pressure  valve  may  be  provided 
to  allow  a  higher  vacuum  pressure  to  be  applied 
between  the  pump  and  the  inlet  to  the  rise  pipe 
when  the  inlet  to  the  control  pipe  is  covered.  The 
possibility  of  large  volumes  of  air  being  drawn  up 
through  the  rise  pipe  can  be  minimised  by  pro- 
viding  a  recess  in  the  lowermost  wall  of  the 
primary  pipe,  into  which  the  rise  pipe  extends. 

The  method  of  the  invention,  while  being  ap- 

plicable  to  the  transport  of  all  types  of  liquids,  can 
avoid  the  disadvantages  described  above  when 
the  inlet  is  a  waste  inlet  such  as  a  domestic 
lavatory.  The  pressure  difference  which  is  needed 
to  maintain  a  liquid  column  in  the  rise  pipe  need 
not  be  as  great  as  the  vacuum  conventionally 
used  in  a  vacuum-flushed  sewer  system.  For 
example,  the  pressure  difference  may  be  about 
0.1  atm.  The  method  of  the  invention  can  yet  pro- 
vide  substantially  complete,  substantially  noise- 
less  removal  of  waste  in  the  inlet  when  the 
vacuum  above  the  column  is  increased. 

Transport  can  be  associated  with  the  introduc- 
tion  of  materials  such  as  disinfectants,  deodor- 
ants  and  dyes,  and  the  invention  provides  a  con- 
venient  dosing  system  for  such  materials.  The 
method  can  be  used  for  exhaust  ventilation,  and 
allows  central  monitoring  of  undesirable  gas 
evolution. 

By  comparison  with  conventional  vacuum 
transport  systems,  where  opening  of  a  valve 
causes  transport  of  a  plug  of  material  and  sub- 
sequent  reduction  in  the  transport  force,  the 
present  invention  provides  an  increased  transport 
force  when  this  is  applied.  This  is  despite  the 
reduction  in  noise  associated  with  ballistic 
systems. 

The  method  of  the  invention  can  be  used  with 
considerably  simpler  lavatories  than  the  conven- 
tional  domestic  lavatory.  Firstly,  the  system  pro- 
vides  an  odour  trap  and  there  is  no  need  for  any 
conventional  "U-bend".  Secondly,  the  lavatory 
does  not  have  to  be  constructed  in  a  configuration 
designed  for  the  transport  of  flushing  water.  In 
particular  a  lavatory  may  be,  for  example,  funnel- 
shaped,  suitably  with  vertical  or  near-vertical 
side-walls  above  the  funnel.  The  lavatory  can  be 
designed  to  minimise  the  area  of  the  surface 
which  can  become  soiled,  and  the  configuration 
can  be  such  that  a  small  depth  of  water  is  main- 
tained,  in  use  over this  area.  A funnei-shaped  con- 
figuration  may  readily  be  modified  to  cause  a 
swirling  flow  on  flushing,  if  desired. 

The  method  of  the  invention  can  have  wide 
utility  and  yet  require  a  minimum  of  moving 
parts.  A  vacuum  pump  may  be  the  only  moving 
part,  and  this  can  be  physically  separated  from 
the  or  each  liquid  inlet.  In  particular,  any 
replenishment  tank  needs  no  moving  parts.  The 
system  not  only  causes  transport  of  water  but 
also  removes  air,  rather  than  requiring  any 
separate  fan  as  has  previously  been  the  case  in 
conventional  lavatories.  Liquid  and  any  waste  do 
not  have  to  pass  through  mechanical  valves. 
While  specific  applications  have  been  described 
with  regard  to  waste  transport,  the  method  of  the 
invention  may  also  be  used  to  transport,  for 
example,  potable  water. 

The  point  at  which  air  is  allowed  to  enter  the 
line  may  be  permanently  (e.g.  in  the  rise  pipe), 
occasionally  or  never  in  contact  with  liquid, 
whether  or  not  during  transport.  The  actual  inlet 
into  the  line  may  need  to  be  formed  such  that  it 
allows  the  passage  of  air  in  one  direction,  but  not 
liquid  in  the  other.  It  should  not  allow  the  passage 



of  air to  a  degree  which  prevents  the  maintenance 
of  a  liquid  column  in  the  rise  pipe. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying 
drawings,  in  which  Figures  1  to  6  are  schematic 
representations  of  different  apparatus  for  use  in 
the  invention. 

Figure  1  shows  apparatus  comprising  a  liquid 
inlet  1  (which  may  be  a  lavatory  bowl)  connected 
via  a  rise  pipe  2  to  a  discharge  tank  3.  Reduced 
pressure  can  be  maintained  in  the  tank  3  by  virtue 
of  its  connection,  via  a  line  4,  to  a  vacuum  pump 
(not  shown).  The  tank  3  also  has  a  liquid  outlet  5. 
An  air  leak  having  an  inlet  6  and  a  safety  tank  7  is 
connected  to  the  apparatus  by  a  line  8.  In  use,  in 
the  steady  state,  a  column  of  liquid  stands  in  the 
rise  pipe  2,  to  a  height  h  above  the  level  of  liquid 
(shown  as  a  dotted  line)  in  the  inlet  1.  Liquid  in  the 
inlet  and  the  rise  pipe  forms  a  seal  between  the 
inlet  and  the  vacuum  pump.  Removal  of  liquid  in 
the  column  may  be  effected  by  blocking  the  air 
inlet  6.  A  tank  (not  shown)  provides  liquid  to 
replenish  that  removed,  without  breaking  the 
seal. 

Figure  2  shows  apparatus  comprising  a  plu- 
rality  of  liquid  inlets  10,  11  connected  via  asso- 
ciated  rise  pipes  12,  13  to  a  discharge  tank  14. 
Reduced  pressure  can  be  achieved  in  the  tank  14 
by  virtue  of  its  connection,  via  a  line  15,  to  a 
vacuum  pump  (not  shown).  The  tank  14  also  has  a 
liquid  outlet  16.  An  air  pipe  having  an  inlet  17 
passes  into  the  tank  14  and  its  outlet  18  is  formed 
as  an  aerator. 

Figure  2  also  illustrates  means  whereby  liquid 
removed  from  inlet  10  can  be  replaced.  A 
replenishment  tank  20  is  connected  to  a  liquid 
supply  tank  21  via  a  hydraulic  leg  comprising  a 
relatively  large  bore  limb  22,  a  relatively  small 
bore  limb  23  and,  between  the  limbs,  a  flushing 
tank  24.  The  flushing  tank  24  is  connected  via  an 
air  line  25  to  the  discharge  tank  14.  The  replenish- 
ment  tank  20  has  an  overflow  outlet  26. 

In  use  of  the  apparatus  illustrated  in  Figure  2, 
liquid  lies  in  the  inlets  10,  11  and  in  the  tanks  20, 
21  and  24  at  least,  while  columns  of  liquid,  the 
height  of  which  is  the  same  as  the  height  of  the 
columns  of  liquid  in  the  rise  pipes  12, 13,  stand  in 
limbs  22, 23.  On  closure  of the  air  inlet  17,  liquid  is 
transferred  via  the  rise  pipes  12,  13  into  the  dis- 
charge  tank  14  and  via  limb  22  into  the  flushing 
tank  24.  At  the  same  time,  the  level  of  liquid  in 
limb  23  is  raised.  When  the  liquid  in  any  rise  pipe 
has  been  wholly  or  partially  transferred  to  the  dis- 
charge  tank  14,  air  is  allowed  to  enter the  system 
to  raise  the  pressure  above  the  liquid  in  both 
tanks  14  and  24.  The  liquid  transferred  to  the 
flushing  tank  24  via  limb  22  is  thus  transferred  via 
limb  23  to  the  replenishment  tank  20  and  is  dis- 
charged  to  the  inlet  10  via  the  overflow  26.  Re- 
opening  the  air  inlet  17  permits  re-establishment 
of  the  "steady  state"  conditions  prevailing  before 
the  air  inlet  was  closed. 

Figure  3  illustrates  apparatus  having  the  same 
components  as  that  of  Figure  2,  except  that  no 
second  inlet/rise  pipe  assembly  is  shown.  The 

important  distinction  lies  in  the  connection  of  the 
line  15  to  the  flushing  tank  24.  The  illustrated 
apparatus  operates  in  the  same  manner  as  that  of 
Figure  2,  except  that,  in  the  steady  state,  a  lower 
column  of  liquid  stands  in  the  limb  23. 

Figure  4  shows  apparatus  comprising  a  liquid 
inlet  30  connected  via  a  rise  pipe  31  to  an  inter- 
mediate  tank  32.  The  intermediate  tank  32  is  con- 
nected  via  a  secondary  rise  pipe  33  to  a  discharge 
tank  34.  The  discharge  tank  34  has  a  liquid  outlet 
35,  a  line  36  connected  to  a  vacuum  pump  (not 
shown)  and  an  aerator  37.  The  intermediate  tank 
32  and  the  discharge  tank  34  have  a  connecting 
air  lines  38  including  a  constriction  at  39.  The 
intermediate  tank 32  is  connected  to  an  air  inlet  40 
which  terminates  in  an  aerator  41. 

In  use,  with  a  vacuum  pump  operating  and 
liquid  in  the  inlet  30,  liquid  stands  in  the  rise  pipes 
31, 33  to  different  heights,  owing  to  the  different 
degrees  of  vacuum  pulled  in  the  intermediate 
tank  32  and  the  discharge  tank  34.  The  difference 
is  the  effect  of  the  constriction  39.  Closure  of  the 
inlet  40  causes  removal  of  liquid  from  the  column 
in  the  rise  pipe  31  into  the  intermediate  tank  32, 
and  replenishment  liquid  passes  into  the  inlet  30 
from  a  source  (not  shown).  This  operation  does 
not  affect  any  further  waste  inlet/rise  pipe/inter- 
mediate  tank  systems  which  may  be  connected, 
in  a  similar  manner,  to  the  discharge  tank  34. 
Accordingly,  each  unit  can  be  operated  indepen- 
dently. 

The  illustrated  rise  pipe  31  can  be  replaced  by  a 
lead  directly  into  the  intermediate  tank  32  at  any 
level.  The  intermediate  tank  can  function  to  break 
up  solids  by  attrition  on  aeration.  The  pipe  33  can 
thus  be  of  smaller  cross-section  than  that  of  pipe 
31. 

Figure  5  and  6  show  a  primary  flow pipe  50,  a 
rise  pipe  51  whose  upper  end  terminates  in  a  col- 
lection  tank  54,  to  which  a  vacuum  pump  (not 
shown)  is  connected,  and  a  control  pipe  55  in 
parallel  with  the  rise  pipe  51.  In  use,  as  a  means  of 
connection  between  a  vacuum  sewer  system  and 
a  conventional  sewer  system,  there  is  a  con- 
tinuous  flow  of  waste  along  the  primary  flow  pipe 
50,  while  a  column  of waste  stands  in  the  rise  pipe 
51.  Transport  in  the  collection  tank  54'  occurs 
when  the  lower  end  of  the  control  pipe  55  (which 
is  higher  than  the  inlet  to  the  rise  pipe  51)  is 
covered  by  liquid  in  the  flow  pipe  50,  but  not 
when  the  control  pipe  55  is  uncovered  and  allows 
the  passage  of  air  only. 

Additionally,  Figure  6  shows  the  rise  pipe  51 
extending,  at  its  lower  end,  into  a  recess  53  in  the 
flow  pipe  50.  Figure  6  also  shows  constant 
pressure  valves  56  and  57.  These  valves  bring 
reduced  and  normal  vacuum  pressure  into  play, 
respectively,  when  the  opening  into  the  control 
pipe  55  is  uncovered  and  covered,  respectively. 

1.  A  method  for  intermittently  transporting 
liquid  along  a  line  comprising,  in  order,  a  liquid 
inlet  (1)  always  or  substantially  always  sub- 



merged  in  the  liquid,  a  rise  pipe  (2)  and  a 
collection  tank  (3),  and  in  which  there  is  an  air 
inlet  (6)  through  which  air  can  flow  into  the  line, 
which  comprises  operating  a  pump  which  re- 
duces  pressure  in  the  line  and 

(i)  leaving  the  air  inlet  (6)  open  to  the  atmos- 
phere,  such  that  a  column  of  liquid  is  maintained 
in  the  rise  pipe  (2)  above  the  level  of  liquid  at  the 
inlet  (1),  the  height  (h)  of  the  column  being  deter- 
mined  by  the  reduced  pressure  drawn  by  the 
pump  working  against  the  loss  of  pressure  reduc- 
tion  caused  by  air  inflow,  and 

(ii)  intermittently  causing  liquid  to  pass  up  the 
rise  pipe  (2)  and  into  the  collection  tank  (3). 

2.  A  method  according  to  claim  1;  in  which  the 
liquid  is  caused  to  pass  into  the  collection  tank  (3) 
by  intermittently  closing  the  air  inlet  (6). 

3.  A  method  according  to  claim  2,  in  which 
liquid  passing  up  the  rise  pipe  (2),  on  transport,  is 
replenished  at  the  liquid  inlet  (1),  as  a  con- 
sequence  of  changes  in  pressure  in  the  line, 
following  closure  of  the  air  inlet  (6). 

4.  A  method  according  to  claim  3,  in  which  the 
liquid  inlet  is  in  the  form  of  a  lavatory  which  is 
flushed  by  replenishment  water. 

1.  Methode  zum  intermittierenden  Trans- 
portieren  von  Flüssigkeit  längs  einer  Leitung, 
welche  der  Reihe  nach  einen  immer  oder  fast 
immer  in  Flüssigkeit  eingetauchten  Flüssigkeits- 
einlaß  (1),  ein  Steigrohr  (2)  und  einen  Samme- 
behälter  (3)  umfaßt  und  bei  welcher  ein  Lufteinlaß 
(6)  vorgesehen  ist,  durch  den  Luft  in  die  Leitung 
einströmen  kann,  darin  bestehend,  daß  eine  Pum- 
pe  betätigt  wird,  welche  den  Druck  in  der  Leitung 
vermindert,  daß 

(i)  der  Lufteinlaß  (6)  zur  Atmosphäre  hin  offen 
gelassen  wird,  so  daß  im  Steigrohr  (2)  oberhalb 
des  Flüssigkeitsspiegels  beim  Einlaß  (1)  eine 
Flüssigkeitssäule  aufrecht  erhalten  wird,  deren 
Höhe  h  durch  die  Druckverminderung  seitens  der 
Pumpe  bestimmt  wird,  welche  gegen  den  durch 
die  einströmende  Luft  verursachten  Verlust  an 
Druckverminderung  arbeitet,  und  daß 

(ii)  die  Flüssigkeit  intermittierend  veranlaßt 
wird,  im  Steigrohr  (2)  hochzusteigen  und  in  den 
Sammelbehälter  (3)  zu  strömen. 

2.  Methode  nach  Anspruch  1,  bei  welcher  die 

Flüssigkeit  durch  intermittierendes  Schließen  des 
Lufteinlasses  (6)  veranlaßt  wird,  in  den  Sammel- 
behälter  (3)  zu  strömen. 

3.  Methode  nach  Anspruch  2,  bei  welcher  im 
Steigrohr  (2)  hochsteigende  Flüssigkeit  bei  ihrem 
Abtransport  infolge  von  Druckänderungen  in  der 
Leitung,  die  durch  das  Schließen  des  Luftein- 
lasses  (6)  bewirkt  werden,  im  Flüssigkeitseinlaß 
(1)  nachgefüllt  wird. 

4.  Methode  nach  Anspruch  3,  bei  welcher  der 
Flüssigkeitseinlaß  die  Form  eines  Abortbeckens 
hat,  das  durch  das  Nachfüllwasser  gespült  wird. 

1.  Procédé  pour  transporter  par  intermittence 
du  liquide  dans  une  canalisation  comprenant, 
dans  l'ordre,  une  entrée  de  liquide  (1)  toujours  ou 
en  substance  toujours  immergée  dans  le  liquide, 
une  conduite  montante  (2)  et  un  réservoir  collec- 
teur  (3)  et  dans  laquelle  se  trouve  une  entrée  d'air 
(6)  par  laquelle  de  l'air  peut  pénétrer  dans  la 
canalisation  et,  selon  ce  procédé,  on  fait  fonc- 
tionner  une  pompe  qui  abaisse  la  pression  dans  la 
canalisation,  et 

(i)  on  laisse  l'entrée  d'air  (6)  ouverte  à  l'atmos- 
phère,  de  telle  sorte  qu'une  colonne  de  liquide 
soit  maintenue  dans  la  conduite  montante  (2)  au- 
dessus  du  niveau  de  liquide  à  l'entrée  (1),  la 
hauteur  (h)  de  la  colonne  étant  déterminée  par  la 
dépression  créée  par  la  pompe  qui  travaille  à 
l'encontre  de  la  perte  de  réduction  de  pression 
provoquée  par  une  rentrée  d'air,  et 

(ii)  on  force  le  liquide  par  intermittence  à  mon- 
ter  dans  la  conduite  montante  (2)  et  à  pénétrer 
dans  le  réservoir  collecteur  (3). 

2.  Procédé  suivant  la  revendication  1,  dans 
lequel  on  fait  passer  le  liquide  dans  le  réservoir 
collecteur  (3)  en  fermant  l'entrée  (6)  par  intermit- 
tence. 

3.  Procédé  suivant  la  revendication  2,  dans 
lequel  on  reconstitue  le  liquide  qui  s'élève  dans  la 
conduite  montante  (2),  lors  du  transport,  au  ni- 
veau  de  l'entrée  de  liquide  (1),  à  la  suite  de 
variations  de  pression  dans  la  canalisation,  après 
la  fermeture  de  l'entrée  d'air  (6). 

4.  Procédé  suivant  la  revendication  3,  dans 
lequel  l'entrée  de  liquide  a  la  forme  d'un  W.-C.  qui 
est  rincé  par  de  l'eau  de  reconstitution  ou  d'ap- 
point. 
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