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Description 

The  invention  relates  to  the  flow  of  gas  through 
lines.  More  particularly,  it  relates  to  such  flowthrough 
large  lines  having  high  flow  rate  requirements. 

There  are  a  variety  of  industrial  operations  that 
require  the  pumping  of  gases  through  relatively  large 
size  lines.  As  the  diameter  of  the  line  increases,  the 
flow  rate  requirements  of  the  gas  are  correspondingly 
increased.  For  various  applications,  the  providing  of 
such  high  flow  rate  capacity  can  pose  a  practical 
problem  from  an  operational  viewpoint.  In  some  in- 
stances  flow  rate  limitations  may  preclude  the  carry- 
ing  out  of  a  desired  operation  with  conditions  requir- 
ing  relatively  high  flow  rates. 

The  in-situ  cleaning  of  water  or  gas  pipelines  is  a 
highly  desirable  industrial  operation  in  which  gas 
pumper  flow  rate  limitations  have  tended  to  preclude 
application  to  large  size  lines.  In  such  in-situ  cleaning, 
an  industrial  service  activity  provided  by  Union  Car- 
bide  Industrial  Services  Company  (UCISCO)  as  the 
Sandjet®  process,  a  high  velocity,  propelling  gas 
stream  (e.g.  nitrogen)  having  cleaning  particle  en- 
trained  therein  is  injected  into  the  line  to  be  cleaned. 
The  turbulent  and  swirling  motion  of  the  propelling 
gas  stream  in  the  line  induces  a  high  radial  velocity 
to  the  cleaning  particles,  with  sufficient  energy  to  dis- 
lodge  deposits  from  the  inner  walls  of  the  line.  Such 
dislodged  deposits  are  removed  from  the  line  with  the 
propelling  gas  stream  and  cleaning  particles.  The  in- 
situ  cleaning  operation  is  continued,  through  a  num- 
ber  of  relatively  short  cleaning  runs,  until  the  unwant- 
ed  deposit  has  been  removed,  as  evidenced  by  the 
removal  of  a  clean,  substantially  deposit-free  gas 
stream  from  the  outlet  end  of  the  line.  Asuff  icient  sup- 
ply  of  propelling  gas  must  be  available  for  this  in-situ 
cleaning  process,  which  is  commonly  carried  out  at 
exit  flow  velocities  of  about  4267  to  6096  m/min 
(14,000  to  20,000  feet  per  minute),  with  4877  m/min 
(16,000  feet  per  minute)  being  a  typical  exit  flow  ve- 
locity  for  such  applications. 

The  in-situ  cleaning  process  is  normally  limited  to 
the  cleaning  of  lines  having  a  maximum  diameter  of 
30.48cm  (12  inches)  due  to  increasingly  higher  flow 
rate  requirements  for  larger  lines.  Thus,  at  said  4877 
m/min  (16,000  feet  per  minute)  exit  velocity,  a 
15.24cm  (6  inches  line  requires  a  gas  flow  rate  of 
88.97  m3/min  (3,142  scfm  (standard  cubic  feet  per 
minute)),  said  flow  rate  increasing  to  355.83  m3/min 
(12,566  scfm)  for  a  30.48  cm  (12  inches)  line,  to 
800.63  m3/min  28,274  scfm  for  an  45.72  cm  (18  in- 
ches)  line,  and  to  1423.34  m3/min  (50,265  scfm)  for  a 
60.96  cm  (24  inches)  line. 

A  conventional  pumper  for  the  vapourizing  and 
pumping  of  liquid  nitrogen,  as  employed  in  common 
commercial  practice,  typically  has  a  maximum  flow 
capacity  of  about  107.60  m3/min  (3,800  scfm).  Thus, 
a  15.24  cm  (6  inches)  line  can  be  cleaned  using  one 

such  pumper,  while  four  pumpers  are  required  for  a 
30.48  cm  (12  inches)  line.  Eight  pumpers  would  be  re- 
quired  for  an  45.72  cm  (18  inches)  line,  and  a  total  of 
fourteen  pumpers  would  be  required  for  a  60.96  cm 

5  (24  inches)  line.  Under  such  circumstances,  the  use 
of  such  pumpers  for  the  cleaning  of  lines  larger  than 
30.48  cm  (12  inches)  becomes  unduly  expensive  and 
presents  practical  logistical  problems  because  of  the 
large  number  of  pumpers  required.  For  certain  cross 

10  country  pipeline  applications,  such  problems  are  ob- 
viated  by  the  use  of  a  technique  referred  to  as  ballast- 
ing,  wherein  a  part  of  a  line  is  pumped  to  the  desired 
pressure  and  is  then  used  to  supply  the  required  high 
flow  rate  needed  in  the  in-situ  cleaning  of  another 

15  portion  of  the  line.  For  plant  operations,  ballasting  has 
not  been  found  feasible  because  no  suitable  line  is 
typically  available  for  ballasting.  In  order  to  achieve 
the  required  high  flow  rates  of  large  size  lines  using 
pumpers  only,  a  fleet  of  pumpers  would  have  to  be 

20  available  for  a  particular  job,  and  all  of  the  pumpers 
would  have  to  be  connected  to  a  common  manifold, 
be  supplied  with  liquid  nitrogen  and  be  brought  on  line 
simultaneously  for  each  run  of  the  in-situ  cleaning 
process.  Such  an  operation  becomes  increasingly 

25  more  difficult  and  expensive  with  each  additional 
pumper. 

For  some  in-situ  cleaning  applications,  it  may  be 
feasible  to  use  air  in  place  of  nitrogen  as  the  propel- 
ling  gas.  With  respect  to  supplying  high  flow  rates, 

30  however,  it  was  determined  that  a  10.69  x  106 
cal.gm/sec  (1,000  hp)  compressor  will  supply  about 
42.48  m3/min  (1  ,500  scfm)  of  air.  As  with  the  pumpers 
referred  to  above,  a  large  number  of  air  compressors 
would  be  required  for  high  flow  operations,  and  the 

35  cost  and  space  requirements  associated  with  the  use 
of  air  compressors  would  be  prohibitive. 

While  in-situ  cleaning  of  high  flow  rate  lines  has 
been  precluded  for  the  reasons  indicated  above, 
there  is  nevertheless  a  desire  in  the  art  for  the  use 

40  of  the  in-situ  cleaning  process  for  the  cleaning  of  larg- 
er  diameter  lines.  The  inherent  advantages  of  the  in- 
situ  process  are  such,  compared  with  the  alternatives 
of  cutting  open  sections  of  the  line,  cleaning  by  mech- 
anical  means,  and  re-assembling  the  line,  that  it 

45  would  readily  be  used  for  large  size  lines  if  a  conve- 
nient  means  for  providing  the  high  flow  rate  require- 
ments  could  be  found. 

In  US-A-2  011  347  there  is  disclosed  the  delivery 
of  compressed  gas  cylinders  to  a  place  of  gas  con- 

50  sumption,  and  to  the  returning  of  the  cylinders  to  a 
gas  plant  for  recharging.  The  system  employed  uses 
a  manifold  and  outlet  system,  in  which  three  mani- 
folds  35,  36  and  37  are  employed  and  the  cylinders 
in  particular  positions  are  connected  to  one  of  the 

55  manifolds.  Astaggered  and  nested  relationship  of  cy- 
linders  is  employed  for  compact  arrangement  of  the 
multiple  manifolds  and  cylinders  in  a  delivery  vehicle. 

It  has  now  been  found  possible,  to  provide  a  proc- 
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ess  and  apparatus  for  the  supply  of  gas  at  high  flow 
rates.  It  has  also  been  found  possible  to  provide  a 
process  and  apparatus  for  the  supply  of  gas  for  in-situ 
cleaning  and  other  operations  requiring  high  flow 
rates  for  relatively  short  periods  of  time. 

Gas  for  passage  to  a  large  diameter,  high  flow 
rate  line  is  pumped  to  tube  trailers,  from  which  it  is  dis- 
charged  through  a  common  high  flow  header  to  said 
large  diameter  line.  Adesirably  high  flow  rate  is  there- 
by  obtainable  for  a  desirable  but  relatively  short  peri- 
od  of  time. 

According  to  the  present  invention  there  is  pro- 
vided  an  apparatus  for  the  providing  of  gas  to  a  large 
size  line  having  high  gas  flow  rate  requirements, 
which  comprises: 

(a)  header  means  for  the  distribution  of  gas  to  be 
passed  to  a  large  size  line  at  high  flow  rates 
therein; 
(b)  control  valve  means  at  the  discharge  end  of 
the  header  means,  the  discharge  end  control 
means  being  adapted  to  provide  for  the  discharge 
of  gas  at  a  rate  sufficient  to  provide  the  desired 
high  flow  rate  in  the  downstream  large  size  line; 
(c)  pumping  means  suitable  for  the  supply  of  gas 
to  the  header  means  at  a  desired  elevated  pres- 
sure  suitable  for  the  providing  of  the  gas  to  the 
large  size  line  at  high  flow  rates; 
(d)  a  series  of  high  pressure  individual  tubes 
adapted  for  the  storage  of  gas  at  elevated  pres- 
sure  for  use  in  providing  said  high  flow  rate  of  gas 
in  the  large  size  line; 
(e)  gas  connecting  lines  extending  from  each  of 
the  individual  gas  storage  tubes  to  the  header 
means,  the  lines  providing  for  the  flow  of  gas 
from  the  header  to  the  tubes  upon  application  of 
the  pumping  means  and  the  control  valve  means 
at  the  discharge  end  thereof  being  closed,  and  for 
the  flow  of  gas  from  the  tubes  to  the  header  for 
passage  of  the  large  size  line  when  the  control 
valve  means  at  the  discharge  end  thereof  is 
open,  whereby  gas  is  conveniently  pumped 
through  the  header  means  to  the  individual  tubes 
atan  elevated  pressure  for  subsequent  discharge 
through  the  header  means  to  the  large  size  line 
having  high  gas  flow  requirements. 
The  header  means  and  the  individual  gas  storage 

tubes  are  adpated  to  provide  gas  to  the  large  size 
downstream  line  at  a  flow  rate  of  at  least  339.80 
m3/min  (12,000  scfm).  Preferably  they  are  adapted  to 
provide  the  gas  at  a  flow  rate  of  at  least  566.34 
m3/min  (20000  scfm),  more  preferably  at  least  849.50 
m3/min  (30000  scfm). 

There  may  be,  for  example,  about  6  to  about  1  0 
individual  gas  storage  tubes.  The  gas  connecting 
lines  between  the  individual  tubes  and  the  header 
means  comprise  lines  without  any  control  valves  posi- 
tioned  therein. 

There  may  be  a  connecting  line  extending  from 

the  downstream  end  of  the  header  means  to  the  large 
size  line  to  which  gas  is  being  passed.  Such  connect- 
ing  line  may  extend  to  a  pipeline  to  be  cleaned  in-situ, 

5  the  gas  passing  therethrough  providing  the  propel- 
ling  gas  stream  for  the  passage  of  cleaning  particles 
through  the  pipeline.  There  may  also  be  a  supply  pot 
for  cleaning  particles  to  be  used  for  the  in-situ  clean- 
ing  of  the  pipeline  and  also  a  by-pass  line  to  direct  a 

10  portion  of  the  main  body  of  the  propelling  gas  stream 
for  passage  beneath  the  supply  pot  for  the  metering 
of  cleaning  particles  therein,  the  by-pass  line  extend- 
ing  to  the  pipeline  to  be  cleaned  for  the  passage  of  the 
gas  stream  containing  cleaning  particles  entrained 

15  therein  to  the  pipeline.  Furthermore  there  may  also 
be  an  injection  head  attached  to  the  large  size  pipe- 
line  to  be  cleaned,  the  injection  head  being  adapted 
to  facilitate  the  passage  of  the  main  body  of  propelling 
gas  and  the  portion  thereof  containing  cleaning  par- 

20  tides  entrained  therein  to  the  large  size  line.  For  ex- 
ample,  the  large  size  pipeline  to  be  cleaned  may  be 
45.72  cm  (18  inches)  in  diameter,  said  apparatus  be- 
ing  adapted  to  provide  gas  thereto  at  a  flow  rate  in  ex- 
cess  of  about  566.34  m3/min  (20,000  scfm)  in  the 

25  45.72  cm  (18  inches)  line,  thereby  providing  an  exit 
gas  velocity  of  about  48.77  m/min)  (16,000  feet  per 
minute)  from  said  line. 

Utilizing  the  present  invention  conventional  tube 
trailers  can  be  modified  to  serve  as  a  source  of  ballast 

30  to  supply  a  high  flow  rate  of  gas  for  a  relatively  short 
period  of  time.  In  the  practice  of  the  invention,  nitro- 
gen  can  be  supplied  conveniently  at  a  job  site  for  use 
as  the  propelling  gas  in  the  in-situ  cleaning  of  large 
diameter  lines  requiring  high  flow  rates  for  the  rela- 

35  tively  short  duration  of  each  run  of  the  in-situ  cleaning 
operation.  Other  applications  requiring  high  flow 
rates  of  gas  for  short  periods  of  time  can  likewise  be 
carried  out  conveniently  and  efficiently  using  the 
process  and  apparatus  of  the  invention. 

40  Tube  trailers  are  well  known  and  are  typically 
used  to  supply  a  gas,  such  as,  for  example,  hydrogen, 
at  relatively  low  flow  rates,  over  extended  periods  of 
time,  for  various  applications.  Tube  trailers  are  typi- 
cally  designed  to  supply  gas  at  withdrawal  flow  rates 

45  of  up  to  about  28.32  m3/min  (1  ,000  scfm).  Such  tube 
trailers  typically  comprise  from  about  6  to  1  0  or  more 
tubes  mounted  on  a  movable  trailer,  a  common  head- 
erand  cylindervalves  to  control  the  loading  of  gas  into 
the  tubes  and  the  desired  discharge  of  gas  therefrom 

so  through  the  header  and  into  the  processing  line. 
For  purposes  of  the  invention,  the  header,  or 

common  manifold  for  the  passage  of  gas,  is  generally 
from  about  5.08  to  about  10.16  cm  (2  to  4  inches)  in 
diameter,  with  a  7.62  cm  (3  inches)  diameter  header 

55  being  generally  convenient  and  preferred  for  the  in- 
situ  cleaning  application  referred  to  above.  The  head- 
er  should  be  sufficiently  long  so  that  the  individual 
tubes  can  be  conveniently  attached  thereto.  While 
the  header  length  may  vary  in  particular  applications 
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of  the  invention,  it  is  generally  convenient  to  provide 
about  10.16  cm  (4  inches)  of  header  length  for  each 
tube  employed  in  a  tube  trailer  unit. 

The  individual  tubes  attached  to  the  header  are 
typically  about  60.96  cm  (24  inches)  in  diameter  and 
10.67  m  (35  feet)  long,  constructed  of  carbon  steel 
and  capable  of  withstanding  pressures  of  up  to  about 
17237.5  kPa  (2,500  psi)  pressure.  Such  tubes,  it 
should  be  noted,  are  generally  of  the  size  used  in  con- 
ventional,  low  flow  rate  tube  trailers,  although  the  size 
thereof  can  be  varied  depending  upon  the  gas  flow 
requirements  of  any  given  application.  In  convention- 
al  tube  trailer  practice,  a  cylinder  valve  is  provided  in 
each  tube.  For  purposes  of  the  invention,  the  cylinder 
valves  are  removed  from  each  tube,  optionally  with 
the  installment  of  full  opening  ball  valves,  and  a  line, 
referred  to  as  a  pig  tail,  is  run  from  each  tube  into  the 
large  common  header.  The  diameter  of  the  pig  tails 
are  typically  from  about  0.79  to  2.54  cm  (5/16  inch  to 
1  inch),  most  commonly  about  1  .91  cm  (3/4  inch),  for 
the  typical  high  flow  rate,  short  duration  gas  flow  op- 
erations  to  which  the  invention  is  directed. 

As  in  conventional  low  flow  rate  tube  trailer  prac- 
tice,  the  apparatus  of  the  invention  will  typically  com- 
prise  from  about  6  to  about  10  individual  tubes.  It  will 
be  appreciated,  however,  that  any  desired  number  of 
individual  tubes  can  be  provided  depending  on  the 
flow  requirements  of  a  given  high  gas  flow  rate  appli- 
cation. 

The  present  invention  will  now  be  described  in  de- 
tail  with  reference  to  the  accompanying  single  figure 
drawing  that  is  a  schematic  representation  of  the  ap- 
paratus  of  the  invention  as  employed  in  an  in-situ 
process  for  the  cleaning  of  a  large  diameter  line;  but 
in  no  manner  limited  thereto. 

With  reference  to  the  drawing,  the  header  for  the 
passage  of  gas  is  represented  by  the  numeral  1  .  Pum- 
per  2  is  provided  for  the  passage  of  gas  through  con- 
duit  3  into  header  1,  which  has  valve  4  positioned  at 
the  gas  inlet  end  thereof.  A  relief  valve  5  is  desirably 
positioned  in  said  line  3.  A  number  of  individual  trailer 
tubes  6  are  connected  to  header  1  by  means  of  cor- 
responding  individual  pig  tails  7.  Valve  8  is  positioned 
at  the  gas  discharge  end  of  header  1  and  controls  the 
flow  of  gas  into  line  9  for  passage  to  an  in-situ  pipeline 
cleaning  application  in  the  illustrated  embodiment  of 
the  invention.  A  relief  valve  10  is  desirably  positioned 
in  line  9.  Orifice  11  is  positioned  in  line  9  so  as  to  en- 
sure  a  constant  flow  of  gas  in  said  line  prior  to  the  div- 
iding  of  said  gas  flow  at  junction  12. 

Line  13,  having  optional  orifice  14  positioned 
therein  to  ensure  a  constant  flow  of  gas,  extends  from 
junction  12  to  tangential  gas  inlet  15  of  gas  injection 
head  16.  Line  17  passes  from  said  junction  12  to  gas 
manifold  18  from  which  line  19  containing  pot  pres- 
sure  valve  20  passes  to  the  upper  part  of  cleaning 
particle  supply  pot  21.  Line  22,  desirably  containing 
set  valve  23  to  ensure  a  desired  pressure,  extends  to 

mixing  chamber  24.  At  the  bottom  of  supply  pot  21, 
line  25  containing  control  valve  26  passes  downward 
to  mixing  chamber  24.  Line  27  extends  from  said  mix- 

5  ing  chamber  24  to  gas  injector  head  16  and  is  posi- 
tioned  for  axial  injection  of  gas  and  particles  therein. 
As  illustrated,  injection  head  16  is  connected  to  pipe- 
line  28  to  be  cleaned  in-situ  using  gas  supplied  by  the 
high  gas  flow  rate  apparatus  of  the  invention. 

10  In  the  practice  of  the  illustrated  embodiment  of 
the  invention,  the  gas  supply  and  cleaning  particle 
supply  apparatus  shown  are  connected  to  injection 
head  16  attached  to  pipeline  28,  supply  pot  21  is  filled 
with  flint,  grit  or  other  desired  cleaning  particles,  and 

15  gas  is  pumped  to  the  system  by  means  of  pumper  2. 
For  this  high  flow  rate,  relatively  short  term  in-situ 
cleaning  application,  nitrogen  is  commonly  pumped 
from  a  source  of  liquid  nitrogen  supply  and  vapou- 
rized.  The  gas  is  pumped  through  conduit  3  into  head- 

20  er  1  ,  inlet  end  valve  4  being  open  and  discharge  end 
valve  8  being  closed.  The  gas  passes  from  header  1 
into  individual  trailertubes  6.  Upon  the  loading  of  trail- 
er  tubes  6  with  gas  at  the  desired  pressure,  valve  8 
is  opened  to  provide  for  the  passage  of  gas  for  pur- 

25  poses  of  the  desired  in-situ  cleaning  application.  Gas 
from  trailertubes  6  passes  through  header  1  into  line 
9,  from  which  a  portion  of  the  gas  passes  to  gas  in- 
jection  head  16  through  line  13.  The  remaining  gas  is 
diverted  through  line  17  for  use  in  the  controlled  en- 

30  trainment  of  cleaning  particles  therein  prior  to  pas- 
sage  to  said  injection  head  16.  Aportion  of  the  divert- 
ed  gas  passes  to  the  uper  part  of  supply  pot  21  to  cre- 
ate  a  positive  pressure  therein  to  facilitate  the  meter- 
ing  of  gas  particles  into  the  gas  from  line  22  in  mixing 

35  chamber  24  to  provide  a  gas  stream  having  a  control- 
led  amount  of  cleaning  particles  entrained  therein  for 
passage  to  said  injection  head  16.  This  latter  stream 
is  desirably  injected  into  injection  head  16  in  an  axial 
manner,  with  the  gas  stream  into  injection  head  16 

40  through  tangential  gas  inlet  15  being  used  to  create 
a  swirling  position  and  desired  turbulence  to  enhance 
the  frequency  and  angle  of  impact  of  the  cleaning  par- 
ticles  with  the  inner  walls  of  pipeline  28  to  be  cleaned, 
particularly  at  the  feed  end  of  said  pipeline  where  the 

45  cleaning  action  is  particularly  enhanced  by  such  tur- 
bulent  action. 

An  in-situ  pipeline  cleaning  run,  i.e.  a  run  lasting 
until  the  exhaustion  of  the  cleaning  particles  in  the 
supply  pot,  typically  last  about  five  minutes.  Thus,  the 

so  nitrogen  required  for  a  single  run  in  45.72  cm  (18  in- 
ches)  line  would  be  about  3964.36  m3/min  (140,000 
scfm)  to  provide  a  desired  exit  flow  velocity  of  4877 
m/min  (16,000  feet  per  minute)  from  the  line.  Asingle 
conventional  tube  trailer  with  8  individual  tubes  of  typ- 

55  ical  size  holds  about  3398.02  m3/min  (120,000  scfm) 
of  nitrogen.  Two  such  tube  trailers  would  thus  hold 
enough  nitrogen  for  an  in-situ  cleaning  run,  but  could 
not  supply  the  required  gas  flow  because  of  their  de- 
sign  typically  for  a  maximum  gas  withdrawal  rate  of 

4 
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28.32  m3/min  (1  ,000  scfm).  Upon  modification  for  pur- 
poses  of  the  invention,  however,  such  tube  trailers 
can  be  used  as  ballast  to  provide  nitrogen  gas  for  the 
45.72  cm  (18  inches)  line  at  a  flow  rate  of  about 
736.24  m3/min  (26,000  scfm)  to  provide  the  desired 
exit  gas  flow  rate  of  4877  m/min  (16,000  feet  per  min- 
ute)  for  a  cleaning  run  of  five  minutes.  Using  a  7.62cm 
(3  inches)  diameter  header  having  a  7.62  cm  (3  in- 
ches)  valve  on  the  discharge  end,  the  header  pro- 
vides  1723.75  kPa  (250  psi)  nitrogen  at  said  736.24 
m3/min  (26,000  scfm).  The  eight  individual  trailer 
tubes  of  60.96  cm  (24  inches  diameter  and  10.67  m 
(35-feet)  length  connected  to  the  header  for  each 
tube  are  located  at  16961.7  kPa  (2460  psi)  pressure 
to  provide  the  necessary  flow  of  gas  for  the  required 
time.  The  high  flow  rate  stream  from  the  header  can 
be  divided  into  two  streams,  with  one  portion  passing 
through  a  15.24  cm  (6  inches)  line  with  a  7.62  cm  (3 
inches)  orifice  to  provide  a  feed  gas  stream  to  the  tan- 
gential  gas  inlet  to  the  injection  feed  connected  to  the 
45.72  cm  (18  inches)  line  to  be  cleaned  by  the  in-situ 
cleaning  technique.  The  remaining  portion  of  gas 
from  the  header  can  be  diverted  through  a  7.62  cm 
(3  inches)  line  with  a  5.72  cm  (2  1/4  inches)  orifice  to 
a  10.06  cm  (4  inches)  manifold  from  which  gas  is 
passed  to  the  upper  portion  of  a  cleaning  particle  sup- 
ply  potto  maintain  a  positive  pressure  therein.  The  re- 
maining  gas  can  be  passed  to  a  mixing  chamber  as  a 
propelling  gas  stream  to  be  subsequently  passed  to 
the  injection  head  for  axial  injection  therein.  Clearing 
particles  are  discharged  from  the  bottom  of  the  sup- 
ply  pot  into  the  propelling  gas  stream  forentrainment 
therein  at  a  desired  particle  density  for  passage  to  the 
injection  head  and  the  45.72  cm  (18  inches)  line  being 
cleaned  in-situ.  Upon  completion  of  the  run,  the  dis- 
charge  valve  for  the  header  is  closed,  and  nitrogen 
gas  is  pumped  through  the  header  into  the  individual 
tubes  in  preparation  for  another  high  flow  rate  run  in 
which  the  in-situ  cleaning  operation  is  continued  us- 
ing  additional  cleaning  particles  added  to  the  supply 
pot.  Such  runs  are  continued  until  the  inner  walls  of 
the  45.72  cm  (18  inches)  line  being  cleaned  are  suf- 
ficiently  clean  for  an  intended  purpose. 

Those  skilled  in  the  art  will  appreciate  that  vari- 
ous  changes  can  be  made  in  the  details  of  the  inven- 
tion  without  departing  from  the  scope  thereof.  Thus, 
the  size  of  the  header,  the  flow  capacity  of  the  head- 
er,  the  connecting  gas  flow  lines,  valves,  orifices  and 
the  like  can  be  adjusted  depending  upon  the  require- 
ments  of  a  given  application.  Similarly,  the  number  of 
individual  trailertubes  provided,  and  the  diameter  and 
length  of  the  tubes  can  be  varied  depending  on  the 
gas  flow  requirements  of  a  given  high  flow  rate,  large 
diameter  pipe  application. 

It  will  also  be  understood  that  the  in-situ  cleaning 
operation  referred  to  above  is  simply  illustrative  of  the 
practical  application  of  the  invention  in  instances 
where  a  high  flow  rate  is  desirable  in  large  diameter 

pipes  for  relatively  short  periods  of  time  Various  pipe- 
line  inerting  or  purging  applications,  coke  oven  appli- 
cations  and  other  operations  can  be  conveniently  car- 

5  ried  out  using  the  high  flow  rate  capabilities  conve- 
niently  provided  in  the  practice  of  the  invention. 

As  indicated  above,  the  desirable  in-situ  cleaning 
of  pipelines  could  not  be  carried  out  on  large  diameter 
lines  because,  as  a  practical  matter,  the  high  flow 

10  rates  of  such  jobs  could  not  be  accommodated,  on  a 
practical  commericial  basis,  until  high  flow  rates  were 
provided  in  the  practice  of  the  invention. 

In  this  and  other  operations,  the  invention  pro- 
vides  a  highly  desirable  advance  in  the  art.  By  ena- 

15  bling  high  gas  flow  rates  to  be  conveniently  obtained 
in  large  size  lines  for  a  relatively  short,  but  commeri- 
cially  practical  period  of  time,  the  invention  facilitates 
the  carrying  out  of  desired  gas  flow  operations  other- 
wise  not  feasible,  from  a  technical  and  economic 

20  viewpoint,  because  of  the  high  flow  rate  requirements 
of  such  operations  in  large  size  lines. 

Claims 
25 

1.  An  apparatus  for  the  providing  of  gas  to  a  large 
size  line  having  high  gas  flow  rate  requirements, 
which  comprises: 

(a)  header  means  (  1  )  for  t  he  d  istri  bution  of  gas 
30  to  be  passed  to  a  large  size  line  (28)  at  high 

flow  rates  therein; 
(b)  control  valve  means  (8)  at  the  discharge 
end  of  the  header  means  (1),  the  discharge 
end  control  means  (8)  being  adapted  to  pro- 

35  vide  for  the  discharge  of  gas  at  a  rate  suffi- 
cient  to  provide  the  desired  high  flow  rate  in 
the  downstream  large  size  line  (28); 
(c)  pumping  means  (2)  suitable  for  the  supply 
of  gas  to  the  header  means  (1)  at  a  desired 

40  elevated  pressure  suitable  forthe  providing  of 
the  gas  to  the  large  size  line  (28)  at  high  flow 
rates; 
(d)  a  series  of  high  pressure  individual  tubes 
(6)  adapted  for  the  storage  of  gas  at  elevated 

45  pressure  for  use  in  providing  said  high  flow 
rate  of  gas  in  the  large  size  line  (28); 
(e)  gas  connecting  lines  (7)  extending  from 
each  of  the  individual  gas  storage  tubes  (6)  to 
the  header  means  (1),  the  lines  (7)  providing 

so  for  the  flow  of  gas  from  the  header  (1)  to  the 
tubes  (6)  upon  application  of  the  pumping 
means  (2)  and  the  control  valve  means  (8)  at 
the  discharge  end  thereof  being  closed,  and 
for  the  flow  of  gas  from  the  tubes  (6)  to  the 

55  header  (1)  for  passage  to  the  large  size  line 
(28)  when  the  control  valve  means  (8)  at  the 
discharge  end  thereof  is  open,  whereby  gas  is 
conveniently  pumped  through  the  header 
means  (1)  to  the  individual  tubes  (6)  at  an  ele- 

5 



g EP  0  419  231  B1 10 

vated  pressure  for  subsequent  discharge 
through  the  header  means  (1)  to  the  large 
size  line  (28)  having  high  gas  flow  require- 
ments. 

2.  An  apparatus  according  to  claim  1,  wherein  the 
header  means  and  the  individual  gas  storage 
tubes  are  adapted  to  provide  gas  to  the  large  size 
downstream  line  at  a  flow  rate  of  at  least  339.80 
m3/min  (12,000  scfm). 

3.  An  apparatus  according  to  claim  2,  wherein  the 
header  means  and  the  individual  gas  storage 
tubes  are  adapted  to  provide  the  gas  at  a  flow 
rate  of  at  least  566.34m3/min  (20,000  scfm). 

4.  An  apparatus  according  to  claim  3,  wherein  the 
header  means  and  the  individual  gas  storage 
tubes  are  adapted  to  provide  the  gas  at  a  flow 
rate  of  at  least  about  849.50  m3/min  (30,000 
scfm). 

5.  An  apparatus  according  to  any  of  claims  1  to  4, 
wherein  the  individual  gas  storage  tubes  com- 
prise  from  about  6  to  about  10  tubes. 

6.  An  apparatus  according  to  any  of  claims  1  to  5, 
wherein  the  gas  connecting  lines  between  the  in- 
dividual  tubes  and  the  header  means  comprise 
lines  without  any  control  valves  positioned  there- 
in. 

7.  An  apparatus  according  to  any  of  claims  1  to  6, 
wherein  there  is  also  a  connecting  line  extending 
from  the  downstream  end  of  the  header  means  to 
the  large  size  line  to  which  gas  is  being  passed. 

8.  An  apparatus  according  to  claim  7,  wherein  the 
connecting  line  extends  to  a  pipeline  to  be 
cleaned  in-situ,  the  gas  passing  therethrough 
providing  the  propelling  gas  stream  for  the  pas- 
sage  of  cleaning  particles  through  the  pipeline. 

9.  An  apparatus  according  to  claim  8,  wherein  there 
is  a  supply  pot  for  clearing  particles  to  be  used  for 
the  in-situ  cleaning  of  the  pipeline  and  also  a  by- 
pass  line  to  direct  a  portion  of  the  main  body  of 
the  propelling  gas  stream  for  passage  beneath 
the  supply  pot  for  the  metering  of  cleaning  par- 
ticles  therein,  the  by-pass  line  extending  to  the 
pipeline  to  be  cleaned  for  the  passage  of  the  gas 
stream  containing  cleaning  particles  entrained 
therein  to  the  pipeline. 

10.  An  apparatus  according  to  claim  9,  wherein  there 
is  an  injection  head  attached  to  the  large  size  pi- 
peline  to  be  cleaned,  the  injection  head  being 
adapted  to  facilitate  the  passage  of  the  main 

body  of  propelling  gas  and  the  portion  thereof 
containing  cleaning  particles  entrained  therein  to 
the  large  size  line. 

5 
11.  An  apparatus  according  to  claim  10,  wherein  the 

large  size  pipeline  to  be  cleaned  is  45.72  cm  (18 
inches)  in  diameter,  said  apparatus  being  adapt- 
ed  to  provide  gas  thereto  at  a  flow  rate  in  excess 

w  of  about  566.34  m3/min  (20,000  scfm)  in  the 
45.72cm  (18  inches)  line,  thereby  providing  an 
exit  gas  velocity  of  about  4877  m/min  (16,000  feet 
per  minute)  from  said  line. 

15 
Patentanspruche 

1  .  Vorrichtung  zum  Anliefern  von  Gas  an  eine  groli- 
dimensionierte  Leitung  mit  hohem  Gasdurchfluli- 

20  mengenbedarf,  versehen  mit: 
(a)  einer  Verteilerkopfanordnung  (1)  zum  Ver- 
teilen  von  Gas,  das  einer  grolidimensionier- 
ten  Leitung  (28)  mit  hohen  Durchflulimengen 
zuzuleiten  ist; 

25  (b)  einer  am  Auslaliende  der  Verteilerkopfan- 
ordnung  (1)  befindlichen  Steuerventilanord- 
nung  (8),  die  in  der  Lage  ist,  fur  die  Abgabe 
von  Gas  in  einer  Menge  zu  sorgen,  die  aus- 
reicht,  urn  die  gewunschte  hohe  Durchfluli- 

30  menge  in  der  stromabwarts  liegenden,  groli- 
dimensionierten  Leitung  (28)  zu  erzielen; 
(c)  einer  Pumpanordnung  (2),  die  der  Vertei- 
lerkopfanordnung  (1)  Gas  bei  einem  ge- 
wunschten  erhohten  Druck  zufuhren  kann, 

35  derfurdie  Anlieferung  des  Gases  zu  der  groli- 
dimensionierten  Leitung  (28)  mit  hohen 
Durchflulimengen  geeignet  ist; 
(d)  einer  Reihe  von  einzelnen  Hochdruckroh- 
ren  (6),  die  fur  die  Speicherung  von  Gas  bei 

40  erhohtem  Druck  zur  Verwendung  bei  der  Er- 
zielung  der  hohen  Gasdurchflulimenge  in  der 
grolidimensionierten  Leitung  (28)  geeignet 
sind; 
(e)  Gasverbindungsleitungen  (7),  die  von  je- 

45  dem  der  einzelnen  Gasspeicherrohre  (6)  zu 
der  Verteilerkopfanordnung  (1)  reichen  und 
die  dafur  sorgen,  dali  Gas  von  der  Verteiler- 
kopfanordnung  (1)  zu  den  Rohren  (6)  stromt, 
wenn  die  Pumpanordnung  (2)  angelegt  wird 

so  und  die  Steuerventilanordnung  (8)  am  Aus- 
laliende  der  Verteilerkopfanordnung  ge- 
schlossen  ist,  sowie  das  Gas  von  den  Rohren 
(6)  zu  der  Verteilerkopfanordnung  (1)  zwecks 
Weiterleitung  zu  der  grolidimensionierten 

55  Leitung  (28)  stromt,  wenn  die  Steuerventilan- 
ordnung  (8)  am  Auslaliende  der  Verteilerkopf- 
anordnung  offen  ist,  wodurch  Gas  zweckent- 
sprechend  durch  die  Verteilerkopfanordnung 
(1)  hindurch  mit  einem  erhohten  Druck  zu  den 

6 
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einzelnen  Rohren  (6)  fur  nachfolgende  Abga- 
be  durch  die  Verteilerkopfanordnung  (1)  hin- 
durch  zu  der  einen  hohen  Gasdurchf  lulimen- 
genbedarf  aufweisenden,  grolidimensionier- 
ten  Leitung  (28)  gepumpt  wird. 

2.  Vorrichtung  nach  Anspruch  1,  wobei  die  Vertei- 
lerkopfanordnung  und  die  einzelnen  Gasspei- 
cherrohre  in  der  Lage  sind,  Gas  an  die  stromab- 
warts  befindliche,  grolidimensionierte  Leitung 
mit  einer  Durchflulimenge  von  mindestens 
339,80  m3/min  (12  000  scfm)  zu  liefern. 

3.  Vorrichtung  nach  Anspruch  2,  wobei  die  Vertei- 
lerkopfanordnung  und  die  einzelnen  Gasspei- 
cherrohre  in  der  Lage  sind,  Gas  mit  einer  Durch- 
flulimenge  von  mindestens  566,34  m3/min  (20 
000  scfm)  zu  liefern. 

4.  Vorrichtung  nach  Anspruch  3,  wobei  die  Vertei- 
lerkopfanordnung  und  die  einzelnen  Gasspei- 
cherrohre  in  der  Lage  sind,  Gas  mit  einer  Durch- 
flulimenge  von  mindestens  etwa  849,50  m3/min 
(30  000  scfm)  zu  liefern. 

5.  Vorrichtung  nach  einem  der  Anspruche  1  bis  4, 
wobei  die  einzelnen  Gasspeicherrohre  etwa  6  bis 
etwa  10  Rohre  umfassen. 

6.  Vorrichtung  nach  einem  der  Anspruche  1  bis  5, 
wobei  die  Gasverbindungsleitungen  zwischen 
den  einzelnen  Rohren  und  der  Verteilerkopfan- 
ordnung  Leitungen  aufweisen,  in  denen  keine 
Steuerventile  angeordnet  sind. 

7.  Vorrichtung  nach  einem  der  Anspruche  1  bis  6, 
wobei  ferner  eine  Verbindungsleitung  vorgese- 
hen  ist,  die  von  dem  stromabwartigen  Ende  der 
Verteilerkopfanordnung  zu  der  grolidimensio- 
nierten  Leitung  reicht,  der  Gas  zugeleitet  wird. 

8.  Vorrichtung  nach  Anspruch  7,  wobei  die  Verbin- 
dungsleitung  zu  einer  in  situ  zu  reinigenden  Pipe- 
line  reicht,  und  wobei  das  durch  diese  Leitung 
stromende  Gas  das  Treibgas  fur  das  Durchleiten 
von  Reinigungspartikeln  durch  die  Pipeline  bil- 
det. 

9.  Vorrichtung  nach  Anspruch  8,  wobei  ein  Vorrats- 
behalter  fur  bei  der  in-situ-Reinigung  der  Pipeline 
zu  verwendende  Reinigungspartikel  und  ferner 
eine  Umgehungsleitung  vorgesehen  sind,  die  ei- 
nen  Teil  der  Hauptmasse  des  Treibgasstromes 
unterhalb  des  Vorratsbehalters  zwecks  Dosie- 
rung  der  Reinigungspartikel  in  diesem  durchtre- 
ten  lalit,  und  die  sich  zu  derzu  reinigenden  Pipe- 
line  erstreckt,  urn  den  Gasstrom,  derdarin  mitge- 
fuhrte  Reinigungspartikel  enthalt,  zu  der  Pipeline 

gelangen  zu  lassen. 

10.  Vorrichtung  nach  Anspruch  9,  wobei  an  der  zu 
5  reinigenden,  grolidimensionierten  Pipeline  ein 

Injektorkopf  angebracht  ist,  der  in  der  Lage  ist, 
der  grolidimensionierten  Leitung  die  Hauptmas- 
se  des  Treibgases  und  den  die  darin  mitgefuhrten 
Reinigungspartikel  enthaltenden  Teil  dieses  Ga- 

10  ses  zuzufuhren. 

11.  Vorrichtung  nach  Anspruch  10,  wobei  die  zu  rei- 
nigende,  grolidimensionierte  Pipeline  einen 
Durchmesservon  45,72  cm  (18  inch)  hat  und  die 

15  Vorrichtung  in  der  Lage  ist,  der  Pipeline  Gas  in  ei- 
ner  Durchflulimenge  von  mehr  als  etwa  566,34 
m3/min  (20  000  scfm)  in  der  den  Durchmesser 
von  45,72  cm  (1  8  inch)  aufweisenden  Leitung  zu- 
zufuhren,  wodurchfureine  Austrittsgasgeschwin- 

20  digkeit  aus  der  Leitung  von  etwa  4877  m/min  (16 
000  Fuli/min)  gesorgt  wird. 

Revendications 
25 

1.  Appareil  pourfournirdugaz  a  une  canalisation  de 
grande  dimension  demandant  des  debits  d'ecou- 
lement  de  gaz  eleves,  qui  comporte  : 

(a)  un  moyen  collecteur(l)  pour  la  distribution 
30  de  gaz  devant  etre  transmis  a  une  canalisa- 

tion  (28)  de  grande  dimension,  a  des  debits 
d'ecoulement  eleves  dans  celle-ci  ; 
(b)  un  moyen  (8)  a  vanne  de  commande  a  I'ex- 
tremite  de  decharge  du  moyen  collecteur  (1), 

35  le  moyen  (8)  de  commande  de  I'extremite  de 
decharge  etant  concu  pour  assurer  la  dechar- 
ge  de  gaz  a  un  debit  suff  isant  pour  produire 
le  debit  d'ecoulement  eleve  et  souhaite  dans 
la  canalisation  (28)  de  grande  dimension  si- 

40  tuee  en  aval  ; 
(c)  un  moyen  de  pompage  (2)  convenant  a 
I'alimentation  en  gaz  du  moyen  collecteur  (1) 
sous  une  pression  elevee  souhaitee  apte  a  la 
fourniture  du  gaz  a  la  canalisation  (28)  de 

45  grande  dimension,  a  des  debits  d'ecoulement 
eleves  ; 
(d)  une  serie  de  tubes  individuels  (6)  a  haute 
pression  concus  pour  le  stockage  de  gaz  a 
une  pression  elevee,  a  utiliser  pour  fournir  le- 

50  dit  debit  d'ecoulement  eleve  de  gaz  dans  la 
canalisation  (28)  de  grande  dimension  ; 
(e)  des  canalisations  (7)  de  raccordement  de 
gaz  s'etendant  depuis  chacun  des  tubes  indi- 
viduels  (6)  de  stockage  de  gaz  jusqu'au 

55  moyen  collecteur  (1),  les  canalisations  (7)  as- 
surant  I'ecoulement  de  gaz  depuis  le  collec- 
teur  (1)  vers  les  tubes  (6)  lors  de  I'application 
du  moyen  de  pompage  (2)  et  lorsque  le  moyen 
(8)  a  vanne  de  commande  est  ferme  a  son  ex- 
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tremite  de  decharge,  et  I'ecoulement  de  gaz 
depuis  les  tubes  (6)  vers  le  collecteur  (1)  pour 
qu'il  soit  dirige  vers  la  canalisation  (28)  de 
grande  dimension  lorsque  le  moyen  (8)  a  van-  5 
ne  de  commande  est  ouvert  a  son  extremite 
de  decharge,  grace  a  quoi  du  gaz  est  commo- 
dement  pompe  a  travers  le  moyen  collecteur 
(1)  vers  les  tubes  individuels  (6)  sous  une 
pression  elevee  pour  etre  ensuite  decharge  a  10 
travers  le  moyen  collecteur  (1)  vers  la  canali- 
sation  (28)  de  grande  dimension  demandant 
des  debits  d'ecoulement  de  gaz  eleves. 

Appareil  selon  la  revendication  1,  dans  lequel  le  15 
moyen  collecteur  et  les  tubes  individuels  de 
stockage  de  gaz  sont  concus  pourfournir  du  gaz 
a  la  canalisation  de  grande  dimension,  en  aval,  a 
un  debit  d'ecoulement  d'au  moins  339,80  m3/mi- 
nute  (12  000  scfm).  20 

Appareil  selon  la  revendication  2,  dans  lequel  le 
moyen  collecteur  et  les  tubes  individuels  de 
stockage  de  gaz  sont  concus  pour  fournir  le  gaz 
a  un  debit  d'ecoulement  d'au  moins  566,34  25 
m3/minute  (20  000  scfm). 

Appareil  selon  la  revendication  3,  dans  lequel  le 
moyen  collecteur  et  les  tubes  individuels  de 
stockage  de  gaz  sont  concus  pour  fournir  le  gaz  30 
a  un  debit  d'ecoulement  d'au  moins  environ 
849,50  m3/minute  (30  000  scfm). 

Appareil  selon  I'une  quelconque  des  revendica- 
tions  1  a  4,  dans  lequel  les  tubes  individuels  de  35 
stockage  de  gaz  comprennent  environ  6  a  envi- 
ron  10  tubes. 

9.  Appareil  selon  la  revendication  8,  dans  lequel  il  y 
a  un  reservoir  d'alimentation  pour  particules  de 
nettoyage  devant  etre  utilise  pour  le  nettoyage  in 
situ  du  pipeline  et  egalement  une  canalisation  de 
derivation  pour  diriger  une  partie  de  la  masse 
principale  du  courant  de  gaz  de  propulsion  afin 
qu'elle  passe  au-dessous  du  reservoir  d'alimen- 
tation  pour  le  dosage  de  particules  de  nettoyage 
dans  ce  dernier,  la  canalisation  de  derivation 
s'etendant  jusqu'au  pipeline  devant  etre  nettoye 
pour  faire  passer  vers  le  pipeline  le  courant  de 
gaz  dans  lequel  des  particules  de  nettoyage  sont 
entraTnees. 

10.  Appareil  selon  la  revendication  9,  dans  lequel  il  y 
a  une  tete  d'injection  reliee  au  pipeline  de  grande 
dimension  devant  etre  nettoye,  la  tete  d'injection 
etant  concue  pourfaciliter  le  passage  vers  la  ca- 
nalisation  de  grande  dimension  de  la  masse  prin- 
cipale  du  gaz  de  propulsion  et  de  la  partie  de  ce- 
lui-ci  dans  laquelle  sont  entraTnees  des  particules 
de  nettoyage. 

11.  Appareil  selon  la  revendication  10,  dans  lequel  le 
pipeline  de  grande  dimension  devant  etre  nettoye 
a  un  diametre  de  45,72  cm  (18  inches),  ledit  ap- 
pareil  etant  concu  pour  lui  fournir  du  gaz  a  un  de- 
bit  d'ecoulement  superieur  a  environ  566,34 
m3/minute  (20  000  scfm)  dans  la  canalisation  de 
45,72  cm  (18  inches),  produisant  ainsi  une  Vites- 
se  de  sortie  de  gaz  d'environ  4877  m/minute  (16 
000  feet  par  minute)  de  ladite  canalisation. 

6.  Appareil  selon  I'une  quelconque  des  revendica- 
tions  1  a  5,  dans  lequel  les  canalisations  de  rac-  40 
cordement  de  gaz  entre  les  tubes  individuels  et  le 
moyen  collecteur  comprennent  des  canalisations 
dans  lesquelles  aucune  vanne  quelconque  de 
commande  n'est  positionnee. 

45 
7.  Appareil  selon  I'une  quelconque  des  revendica- 

tions  1  a  6,  dans  lequel  il  y  a  aussi  une  conduite 
de  raccordement  s'etendant  depuis  I'extremite 
d'aval  du  moyen  collecteur  jusqu'a  la  canalisation 
de  grande  dimension  dans  laquelle  on  fait  passer  50 
du  gaz. 

8.  Appareil  selon  la  revendication  7,  dans  lequel  la 
conduite  de  raccordement  s'etend  jusqu'a  un  pi- 
peline  devant  etre  nettoye  in  situ,  le  gaz  qui  le  par-  55 
court  fournissant  le  courant  de  gaz  de  propulsion 
pour  le  passage  de  particules  de  nettoyage  dans 
le  pipeline. 
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