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@)  Apparatus  for  combusting  crude  oil. 

©  Apparatus  for  combusting  crude  oil  such  as  is 
produced  during  testing  of  a  subterranean  well, 
includes  a  primary  nozzle  (24)  for  atomizing  and 
spraying  a  primary  feed  (26)  of  crude  oil  into  a 
combustion  chamber  (28),  wherein  the 
atomized  primary  feed  is  completely  combus- 
ted  ;  and  an  ignitor  (30).  A  secondary  nozzle  (40) 
may  be  located  in  the  combustion  chamber  (28) 
for  atomizing  and  spraying  a  secondary  feed 
(42)  of  crude  oil  into  the  combustion  chamber 
(28)  so  that  the  heat  of  combustion  of  the 
primary  feed  will  vaporize  the  secondary  feed 
and  heat  the  secondary  feed  above  its  ignition 
temperature  so  that  it  will  completely  combust 
on  contact  with  air.  A  heat  exchanger  (32)  may 
be  provided  which  uses  the  heat  from  the  com- 
bustion  chamber  for  preheating  the  crude  oil 
before  it  is  supplied  to  the  primary  (24)  for 
secondary  (40)  nozzle. 
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This  invention  relates  to  apparatus  for  combust- 
ing  crude  oil  and  especially,  but  not  exclusively,  to  ap- 
paratus  for  combusting  crude  oil  during  oil  well  pro- 
duction  tests. 

The  development  and  improvement  of  apparatus 
for  abating  any  pollution  created  during  oil  and  gas  ex- 
ploration  and  production  are  a  high  priority  for  the  in- 
dustry.  One  source  of  such  pollution  is  the  hydrocar- 
bon  fluids  produced  during  the  well  production  tests 
which  are  conducted  to  provide  an  estimate  of  the 
maximum  flow  and  composition  of  the  fluids  to  be  pro- 
duced  from  a  well.  There  are  a  number  of  uncertain- 
ties  which  create  pollution-related  problems  during 
production  tests.  For  example,  some  of  the  produc- 
tion  tests  are  conducted  after  the  well  is  drilled  and 
before  facilities  are  built  to  handle  the  produced  flu- 
ids,  since  one  purpose  of  the  tests  is  to  determine  the 
type  and  capacity  of  equipment  needed  to  process 
the  produced  fluids  so  that  the  fluids  may  be  trans- 
ported  or  stored.  Once  a  production  test  is  started,  it 
must  be  allowed  to  continue  fora  known  period  of  time 
to  accurately  predict  the  production  capacity  of  a  well. 
The  disposal  system  must,  therefore,  be  able  to  ac- 
commodate  the  unknown,  widely-fluctuating  flow 
rates  and  unknown  compositions  of  the  produced  flu- 
ids.  The  oil  produced  during  a  well  test  often  contains 
gas,  contaminants,  and  particulate  matter  and  is 
therefore  difficult  to  store,  transport,  or  burn,  partic- 
ularly  on  offshore  platforms  and  in  remote  locations. 

Because  of  these  uncertainties,  the  current  prac- 
tice  of  the  industry  is  to  burn  the  produced  fluids 
(hereinafter  referred  to  as  "crude  oil").  We  believe 
that  the  crude  oil  produced  during  well  tests  has  al- 
ways  been  burned  using  open-air  burners,  i.e.  flares 
in  which  the  burner  and  flame  are  exposed  to  the 
open  air.  For  examples,  see  U.S.  patent  specifica- 
tions  nos.  3,565,562;  3,632,287;  3,797,992; 
3,807,932;  3,914,094;  3,948,196;  3,980,416; 
4,348,1  71  ;  4,412,81  1  ;  and  4,452,583.  These  open-air 
burners  are  difficult  to  control  and  often  produce 
large  volumes  of  black  smoke,  volatile  organic  com- 
pounds,  unburned  hydrocarbons,  carbon  monoxide, 
nitrogen  oxides,  and  unburned  oil  which  is  deposited 
on  the  land  or  water  around  the  burner.  This  is  attest- 
ed  to  by  some  of  the  prior  patents  which  disclose  ap- 
paratus  for  reducing  the  smoke  created  during  open- 
air  burning. 

Despite  prior  attempts  to  provide  an  environmen- 
tally  acceptable  open-air  burner,  none  have  proven 
entirely  satisfactory.  We  have  now  devised  an  appa- 
ratus  for  burning  the  crude  oil,  as  well  as  other  hydro- 
carbon  products,  produced  during  a  well  test  in  a  pol- 
lution  abating,  environmentally  acceptable  manner  by 
enclosing  a  burner  or  nozzle  and  controlling  the  com- 
bustion  of  the  crude  oil  so  that  a  virtually  pollution- 
free  combustion  is  achieved.  Although  burners  for 
commercial  quality  oil  which  enclose  the  flame  are 
known,  such  as  those  disclosed  in  U.S.  patent  spec- 

ifications  nos.  2,701,608  and  3,603,711;  and  burners 
for  contaminated  oil  which  burners  partially  enclose 
the  flame  to  reduce  noise  levels  during  burning,  as 
disclosed  in  U.S.  patent  specification  no.  4,155,702; 

5  we  believe  no  attempt  has  been  made  to  totally  en- 
close  the  combustion  of  crude  oil  produced  during 
well  testing.  Further,  no  attempt  has  been  made  to 
use  the  heat  of  combustion  of  the  crude  oil  to  en- 
hance  the  combustion  and  produce  a  pollution  abat- 

10  ing  combustion.  It  is  contemplated  that  the  wide 
range  of  flow  rates  and  the  unpredictable  qualities  of 
the  crude  oil  encountered  during  well  testing,  as  well 
as  the  extreme  temperatures  and  the  concern  with 
keeping  the  size  and  cost  of  the  disposal  facilities  at 

15  a  minimum,  have  taught  away  from  enclosing  the 
combustion  of  crude  oil  produced  during  well  tests. 

According  to  the  present  invention,  there  is  pro- 
vided  apparatus  for  combusting  crude  oil  produced 
during  testing  of  a  subterranean  well,  which  compris- 

20  es  supply  means  for  receiving  the  crude  oil;  a  primary 
nozzle,  connected  to  the  supply  means,  for  atomizing 
and  spraying  a  primary  feed  of  the  crude  oil;  a  com- 
bustion  chamber  for  receiving  and  combusting  the 
atomized  primary  feed  and  confining  the  combustion 

25  so  that  the  primary  feed  is  completely  combusted  in 
the  combustion  chamber,  the  primary  nozzle  being 
located  inside  the  chamber;  and  ignition  means  for  ig- 
niting  the  oil. 

A  secondary  nozzle  may  be  provided  for  atomiz- 
30  ing  and  spraying  a  secondary  feed  of  crude  oil  into 

the  combustion  chamber.  The  secondary  nozzle  ad- 
vantageously  sprays  the  secondary  feed  into  the 
combustion  of  the  primary  feed  so  that  the  heat  of 
combustion  of  the  primary  feed  will  vaporize  the  sec- 

35  ondary  feed  and  will  heat  the  secondary  feed  above 
its  ignition  temperature  so  that  the  vaporized  second- 
ary  feed  will  completely  combust  on  contact  with  air. 
The  combustion  chamber  includes  a  heat  exchanger 
which  is  used  to  heat  the  crude  oil  before  the  crude 

40  oil  is  supplied  to  the  primary  or  secondary  nozzle  in 
order  to  reduce  the  viscosity  and  the  droplet  size  of 
the  crude  oil  atomized  by  the  nozzles. 

It  is  a  feature  of  the  present  invention  to  provide 
a  relatively  inexpensive,  space  efficient,  enclosed 

45  crude  oil  burner,  which  may  be  in  the  form  of  a  port- 
able  apparatus.  The  apparatus  is  an  enclosed  incin- 
erator  useful  for  highly  unstable  combustible  liquid 
wastes  while  accommodating  widely  fluctuating  fuel 
flow  rates. 

so  In  order  that  the  invention  may  be  more  fully  un- 
derstood,  reference  is  made  to  the  accompanying 
drawings,  in  which: 

Fig.  1  is  a  schematic  side  view  of  one  embodi- 
ment  (by  way  of  example  only)  of  the  present  in- 

55  vention; 
Fig.  2  is  a  schematic  top  view  of  the  combustion 
chamber  of  Fig.  1; 
Fig.  3  is  a  schematic  side  view  of  a  second  em- 
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bodimentof  the  present  invention;  and 
Fig.  4  is  a  chart  plotting  the  recommended  mini- 
mum  oil  temperature  against  API  specific  gravity 
for  the  oil  to  be  atomized  and  burned  in  accor- 
dance  with  the  present  invention.  5 
Preferred  embodiments  of  the  invention  will  now 

be  described  with  reference  to  the  drawings,  wherein 
like  reference  characters  refer  to  like  or  correspond- 
ing  parts  throughout  the  drawings  and  description. 

Figures  1-3  show  embodiments  of  the  apparatus  10 
and  method  of  the  present  invention,  generally  des- 
ignated  20,  for  combusting  crude  oil  produced  during 
testing  of  a  subterranean  well  in  a  pollution-abating, 
environmentally  acceptable  manner.  Although  the  ap- 
paratus  and  method  20  are  described  herein  as  used  15 
with  crude  oil  produced  during  production  well  test- 
ing,  it  is  intended  to  be  understood  that  the  invention 
may  be  used  to  combust  virtually  any  combustible  flu- 
id  provided  from  virtually  any  source.  The  invention  is 
particularly  suitable  for  combusting  liquids  at  widely  20 
ranging,  unpredictable  flow  rates  which  contain  un- 
predictable  types  and  quantities  of  contaminants  and 
particulate  matter. 

Referring  to  the  example  of  Figure  1,  the  appa- 
ratus  20  may  be  generally  described  as  including  sup-  25 
ply  means  22  for  fluid  communicatingly  connecting 
the  apparatus  20  to  the  source  of  combustible  fluid, 
such  as  the  crude  oil  produced  during  testing;  a  pri- 
mary  nozzle  24,  connected  to  the  supply  means  22, 
for  atomizing  and  spraying  a  primary  feed  26  of  the  30 
crude  oil;  a  combustion  chamber  28  for  receiving  and 
combusting  the  atomized  primary  feed  26  and  confin- 
ing  the  combustion  so  that  the  primary  feed  26  is 
completely  combusted  in  the  combustion  chamber 
28;  and  ignition  means  30  for  igniting  the  combustion.  35 
The  primary  nozzle  24  is  located  inside  the  combus- 
tion  chamber  28. 

The  preferred  combustion  chamber  28  includes  a 
heat  exchanger  32  connected  to  the  combustion 
chamber  28  in  thermal  communication  with  the  com-  40 
bustion  chamber  28.  The  supply  means  22  is  connect- 
ed  to  the  heat  exchanger  32  for  heating  the  crude  oil 
before  the  crude  oil  is  supplied  to  the  primary  nozzle 
24  for  combustion.  Preheating  the  crude  oil  reduces 
the  viscosity  of  the  crude  oil  which  in  turn  decreases  45 
the  droplet  size  of  the  crude  oil  atomized  by  the  pri- 
mary  nozzle  24  and  sprayed  in  the  primary  feed  26. 

Figures  1  and  2  exemplify  a  first  embodiment  of 
the  invention  in  which  the  secondary  nozzles  40,  dis- 
cussed  below,  will  not  normally  be  used.  Referring  to  50 
the  example  of  Figure  3,  in  a  second  embodiment,  the 
apparatus  20  includes  a  secondary  nozzle  40,  con- 
nected  to  the  supply  means  22  and  located  in  the 
combustion  chamber  28,  for  atomizing  and  spraying 
a  secondary  feed  42  of  crude  oil  into  the  combustion  55 
chamber  28.  Preferably,  the  secondary  nozzle  40 
sprays  the  secondary  feed  42  into  the  combustion  of 
the  primary  feed  so  that  the  heat  of  combustion  of  the 

primary  feed  26  will  vaporize  the  secondary  feed  42. 
More  preferably,  the  secondary  feed  42  is  heated 
above  the  ignition  temperature  of  the  vaporized  sec- 
ondary  feed  by  exposure  to  (i.e.,  heat  exchange  with) 
the  combustion  of  the  primary  feed  so  that  the  vapo- 
rized  secondary  feed  will  completely  combust  on  con- 
tact  with  air.  Preferably,  the  supply  means  22  is  con- 
nected  to  t  he  heat  exchanger  32  for  heating  t  he  crude 
oil  before  the  crude  oil  is  supplied  to  the  secondary 
nozzle  40  in  orderto  reduce  the  viscosity  of  the  crude 
oil  and  decrease  the  droplet  size  of  the  crude  oil 
atomized  by  the  secondary  nozzle  40. 

In  the  second  embodiment,  control  means  44  is 
providing  for  controlling  the  flow  of  crude  oil  to  the  pri- 
mary  nozzle  24  and  to  the  secondary  nozzle  40.  The 
control  means  44  is  used  to  divert  the  flow  of  crude 
oil  in  excess  of  t  he  flow  capacity  of  t  he  primary  nozzle 
26  to  the  secondary  nozzle  40. 

The  method  of  the  present  invention  includes 
atomizing  and  spraying  a  primary  feed  26  of  the  crude 
oil  into  a  combustion  chamber  28;  igniting  the  primary 
feed  26  in  the  combustion  chamber  28;  and  complete- 
ly  vaporizing  and  combusting  the  primary  feed  26  in 
the  combustion  chamber  28.  The  method  provides  for 
heating  the  primary  feed  26  by  heat  exchange  with 
the  combustion  chamber  28  before  the  primary  feed 
26  is  sprayed  into  the  combustion  chamber  28  in  or- 
der  to  reduce  the  viscosity  and  decrease  the  droplet 
size  of  the  crude  oil  in  the  primary  feed  26. 

In  a  preferred  embodiment,  the  method  includes 
atomizing  and  spraying  a  secondary  feed  42  of  crude 
oil  into  the  combustion  chamber  28.  The  method  fur- 
ther  provides  for  vaporizing  the  secondary  feed  42  in 
the  combustion  chamber  28  with  the  heat  of  combus- 
tion  of  the  primary  feed  26.  The  method  still  further 
provides  for  heating  the  vaporized  secondary  feed  42 
in  the  combustion  chamber  28  to  a  temperature 
above  the  ignition  temperature  of  the  vaporized  sec- 
ondary  feed  42  so  that  the  vaporized  secondary  feed 
will  completely  combust  on  contact  with  air. 

The  preferred  method  also  provides  for  limiting 
the  flow  capacity  of  the  primary  feed  26  into  the  com- 
bustion  chamber  28  and  diverting  to  the  secondary 
nozzle  the  flow  of  crude  oil  in  excess  of  the  flow  ca- 
pacity  of  the  primary  feed  26.  The  method  provides 
for  heating  the  secondary  feed  42  by  heat  exchange 
with  the  combustion  chamber  28  before  the  second- 
ary  feed  42  is  sprayed  into  the  combustion  chamber 
28  in  order  to  reduce  the  viscosity  and  decrease  the 
droplet  size  of  the  crude  oil  in  the  secondary  feed  42. 

A  more  detailed  description  of  the  invention,  its 
operation,  and  the  components  used  with  the  inven- 
tion  will  now  be  provided.  Referring  to  the  example  of 
Figure  1,  in  the  first  embodiment  of  the  invention,  the 
combustion  chamber  28  includes  an  inlet  end  50  and 
an  outlet  end  52.  Although  the  design  of  the  first  em- 
bodiment  may  be  adapted  to  virtually  any  flow  rate,  in 
the  preliminary  design  of  the  first  embodiment  a  pri- 
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mary  nozzle  24  having  a  large  capacity,  such  as 
2,000  barrels  of  oil  per  day  ("BOPD")  is  provided  and 
secondary  nozzle(s)  40  is  not  used  (although  second- 
ary  nozzle(s)  may  be  added  to  increase  the  capacity 
of  the  first  embodiment).  The  preliminary  design  of 
the  first  embodiment  will  typically  be  used  at  locations 
in  which  space  is  not  a  critical  factor,  as  the  combus- 
tion  chamber  28  must  be  large  (relative  to  the  second 
embodiment  discussed  below)  to  accommodate  the 
large  capacity  primary  nozzle  24. 

Preferably,  the  inlet  end  50  is  a  horizontal  section 
and  the  outlet  end  52  is  a  vertical  section  of  suitable 
conduit.  In  the  preliminary  design  the  inlet  end  50 
comprises  two  20-foot  ISO  (International  Standards 
Organization)  containers  placed  side  by  side  and  the 
outlet  end  52  comprises  two  vertically  oriented  40- 
foot  ISO  containers.  The  containers  are  insulated, 
preferably  with  ceramic  fiber  insulation  78,  to  reduce 
the  heat  radiated  by  the  container  and  to  increase  the 
heat  inside  the  combustion  chamber  28. 

The  primary  nozzle  24  is  located  in  the  inlet  end 
50  of  the  chamber  28.  The  primary  nozzle  24  is  sup- 
ported  by  a  primary  burner  structure  54  which  con- 
ducts  the  crude  oil  to  the  primary  nozzle  24  foratom- 
ization.  The  primary  nozzle  24  may  use  the  fluid  pres- 
sure  of  the  crude  oil  or  may  use  pressurized  atomiz- 
ing  airto  atomize  the  crude  oil.  It  is  contemplated  that 
the  preferred  primary  nozzle  24  will  use  compressed 
air  to  atomize  the  crude  oil  and  may  also  use  gas  if 
gas  is  contained  in  and  separated  from  the  crude  oil, 
as  will  be  further  discussed  below.  Such  primary  noz- 
zles  24  and  burner  structures  are  well  known  and 
commercially  available,  such  as  the  StarJet  Burners 
currently  manufactured  by  Hauck  Manufacturing  Co. 
This  burner  structure  includes  multiple  primary  noz- 
zles  having  a  combined  burning  capacity  of  more 
than  1,000,000  BTU  per  hour.  The  multiple  nozzles 
may  be  selected  and  arranged  to  inject  the  crude  oil 
and  atomizing  air  in  such  a  manner  that  the  velocity 
of  the  combustion  flow  through  the  chamber  28  does 
not  damage  the  insulation  78,  as  would  be  known  to 
one  skilled  in  the  art  in  view  of  the  disclosure  con- 
tained  herein.  According  to  preliminary  calculations, 
the  combustion  should  be  complete  approximately 
three  feet  before  the  discharge  of  the  outlet  end  52. 
According  to  preliminary  calculations,  the  combus- 
tion  temperature  will  be  between  2,650°  Fahrenheit 
and  2,550°  Fahrenheit  and  the  chamber  temperature 
will  be  approximately  2,250°  Fahrenheit. 

According  to  preliminary  calculations,  the  com- 
bustion  will  be  smoke-free  and  relatively  low  levels  of 
unburned  volatile  organic  compounds  ("VOCs")  and 
carbon  monoxide  ("CO")  will  escape  the  outlet  end 
52.  These  combustibles  will  burn  when  they  contact 
the  air. 

The  temperature  required  to  achieve  the  desired 
combustion  intensities  dictates  that  the  combustion 
chamber  28  be  adequately  insulated  along  its  entire 

length  and  that  a  radiation  shield  be  installed  to  pro- 
tect  the  burner.  As  previously  mentioned,  the  prefer- 
red  insulation  78  is  ceramic  fiber  and  it  is  contemplat- 
ed  that  approximately  8  inches  of  ceramic  fiber  insu- 

5  lation  will  be  required. 
In  the  preliminary  design,  two  engine-driven  air 

blowers  56,  58,  best  seen  in  Figure  2,  will  be  supplied. 
The  apparatus  20  will  operate  with  only  one  blower 
56,  58  and  the  second  will  be  provided  as  a  backup. 

10  The  combustion  air  blower  horsepower  requirement 
for  the  preliminary  design  is  100  brake-horsepower 
("BHP").  The  total  air  provided  by  the  air  blower  will 
only  supply  approximately  9%  of  the  air  required  for 
combustion.  The  vertical  height  of  the  outlet  end  52 

15  and  discharge  temperature  will  provide  approximately 
0.488  inch  water  column  draft  which  should  be  suffi- 
cient  to  induce  the  92,166  standard  cubic  feet  per 
minute  of  air  needed  for  combustion  with  an  additional 
10%  of  excess  air,  according  to  preliminary  calcula- 

20  tions.  The  size  of  the  combustion  chamber  28  may  be 
reduced  by  using  forced  draft,  i.e.,  by  using  engine- 
driven  air  blowers  dedicated  to  providing  combustion 
air  rather  than  utilizing  induced  draft  to  provide  the 
combustion  air  requirements. 

25  In  order  to  achieve  an  efficient,  pollution-free 
combustion,  it  is  important  that  the  primary  nozzle  24 
atomize  the  crude  oil  to  a  droplet  size  which  will  va- 
porize  and  burn  at  the  combustion  temperature  in  the 
combustion  chamber  28.  According  to  preliminary 

30  calculations,  based  on  a  specific  24°  API  crude  oil,  in 
order  to  achieve  such  a  degree  of  atomization  the 
crude  oil  must  be  supplied  to  the  primary  nozzle  24 
at  a  maximum  viscosity  of  18  centipoise  and  at  ap- 
proximately  45  pounds  per  square  inch.  In  order  to  re- 

35  duce  the  viscosity  to  this  level,  the  crude  oil  is  pre- 
heated  in  the  heat  exchanger  32  before  it  is  supplied 
to  the  primary  nozzle  24,  as  will  be  further  discussed 
below. 

Figure  3  exemplifies  a  preliminary  design  of  the 
40  second  preferred  embodiment  of  the  present  inven- 

tion.  In  the  second  embodiment  of  the  of  the  inven- 
tion,  the  combustion  chamber  28  includes  an  inlet  end 
50  and  an  outlet  end  52.  Although  the  design  of  the 
second  embodiment  may  be  adapted  to  any  flow  rate, 

45  in  the  preliminary  design,  the  primary  nozzle  24  has 
a  capacity  of  142  million  BTU  per  hour,  or  approxi- 
mately  500  BOPD.  The  combustion  chamber  28  is 
sized  to  completely  contain  the  combustion  produced 
by  the  primary  nozzle  24.  The  preliminary  design  of 

so  the  second  embodiment  is  intended  for  use  in  loca- 
tions  in  which  space  is  a  critical  factor,  such  as  on  off- 
shore  platforms.  It  is  also  intended  for  locations  to 
which  it  is  difficult  to  transport  large  equipment. 

Preferably,  the  combustion  chamber  of  the  sec- 
55  ond  embodiment  has  an  inlet  end  50  and  an  outlet  end 

52  at  opposite  ends  of  a  generally  linear  longitudinal 
chamber  axis.  In  the  preliminary  design,  the  second 
embodiment  is  self-contained  in  a  single  40  foot  ISO 
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container.  The  container  28  is  insulated,  preferably 
with  ceramic  fiber  insulation  78,  to  reduce  the  heat 
radiated  by  the  chamber  28  and  to  increase  the  heat 
inside  the  combustion  chamber.  It  is  contemplated 
that  the  chamber  28  will  normally  be  operated  with  5 
the  chamber  axis  in  a  generally  horizontal  orientation. 
It  is  desirable,  in  all  embodiments  of  the  invention,  to 
place  the  primary  nozzle  24  in  a  horizontal  section  of 
the  combustion  chamber  28  so  that  falling  liquid,  or 
other  materials,  are  not  deposited  on  the  primary  noz-  10 
zle  24. 

The  primary  nozzle  24  is  located  in  the  inlet  end 
50  of  the  chamber  28.  The  primary  nozzle  24  is  sup- 
ported  by  a  primary  burner  structure  54  which  con- 
ducts  the  crude  oil  to  the  nozzle  24  for  atomization.  15 
The  primary  nozzle  24  may  use  the  fluid  pressure  of 
the  crude  oil  or  may  use  pressurized  atomizing  air  to 
atomize  the  crude  oil.  It  is  contemplated  that  the  pre- 
ferred  primary  nozzle  24  will  use  compressed  air  to 
atomize  the  crude  oil  and  may  also  use  gas  if  gas  is  20 
contained  in  and  separated  from  the  crude  oil.  Such 
primary  nozzles  24  are  well  known  and  commercially 
available,  such  as  the  Star  Jet  Burners  currently  man- 
ufactured  by  Hauck  Manufacturing  Co.  The  preferred 
nozzle  24  will  have  air  spin  vanes  near  the  nozzle  to  25 
create  turbulence  and  a  refractory  tile  around  the  noz- 
zle  which  will  enable  a  very  stable,  short,  bushy  flame 
which  does  not  contact  the  insulation  78.  The  prefer- 
red  burner  24  is  sealed  to  prevent  backfire  and  so  that 
the  combustion  products  must  exit  the  outlet  end  52  30 
of  the  combustion  chamber  28.  According  to  prelim- 
inary  calculations,  the  combustion  temperature  will 
be  approximately  2,400°  Fahrenheit  in  the  chamber 
28  and  the  combustion  will  be  smoke  free  with  rela- 
tively  low  levels  of  unburned  VOCs  and  carbon  mon-  35 
oxide  escaping  the  outlet  end  52.  Any  combustibles 
which  may  escape  will  burn  when  they  contact  the  air 
outside  the  combustion  chamber  28. 

In  the  preliminary  design,  two  engine-driven  air 
blowers,  best  seen  in  Figure  3,  will  be  supplied,  one  40 
being  an  atomizing  air  blower  60  and  the  other  being 
a  combustion  air  blower  61  .  The  atomizing  air  blower 
60  will  require  approximately  100  brake-horsepower 
("BHP").  The  combustion  air  blower61  will  require  ap- 
proximately  1  00  BHP  and  will  supply  all  of  the  air  for  45 
combustion.  The  combustion  intensity  in  the  chamber 
28  will  be  250,000  to  275,000  BTU  per  cubic  foot  per 
hour. 

In  order  to  accommodate  the  wide-ranging  flow 
rates  which  may  be  encountered  in  production  well  50 
testing  service,  while  keeping  the  size  of  the  second 
embodiment  to  a  minimum,  at  least  one  secondary 
nozzle  40  will  be  provided.  In  the  preliminary  design 
of  the  second  embodiment,  four  secondary  nozzles 
40  are  provided  near  the  outlet  end  52  of  the  chamber  55 
28.  The  secondary  nozzles  40  will  inject  the  second- 
ary  feed  42  (which  will  normally  be  oil  in  excess  of  the 
500  BOPD  capacity  of  the  primary  nozzle  24)  into  the 

heat  of  combustion  of  the  primary  feed  26.  Therefore, 
as  previously  discussed,  the  secondary  feed  will  be 
vaporized  and  heated  to  a  temperature  above  its  ig- 
nition  temperature  so  that  it  will  burn  when  it  comes 
into  contact  with  air.  Normally,  the  combustion  of  the 
secondary  feed  42  will  take  place  outside  of  the  com- 
bustion  chamber  28.  Because  of  the  vaporization  and 
heating  of  the  secondary  feed  42  in  the  combustion 
chamber  28,  the  combustion  of  the  secondary  feed 
outside  the  combustion  chamber  is  expected  to  be 
much  more  efficient  and  produce  much  less  pollution 
than  the  known  open  air  burners. 

The  preferred  secondary  nozzles  40  each  have 
a  capacity  of  568  million  BTU  per  hour  and  use  com- 
pressed  air  and/or  gas  to  atomize  the  crude  oil.  The 
preferred  secondary  nozzles  40  use  the  atomizing 
air/gas  to  generate  turbulence  and  use  the  flame  of 
the  primary  nozzle  24  to  create  stability  in  their  own 
flames.  The  secondary  nozzles  40  may  also  be  used 
as  backup  nozzles,  i.e.,  the  primary  nozzle  24  can  be 
shut  down  for  maintenance  or  replacement  once  the 
secondary  nozzles  40  have  been  ignited  and  the  sec- 
ondary  nozzles  40  may  then  be  used  to  combust  the 
full  flow  of  crude  oil  to  the  apparatus  20. 

In  order  to  achieve  an  efficient,  pollution-free 
combustion,  it  is  important  that  the  primary  nozzle  24 
and  secondary  nozzles  40  atomize  the  crude  oil  to  a 
droplet  size  which  will  vaporize  and  burn  at  the  tem- 
perature  in  the  combustion  chamber  28.  In  order  to  re- 
duce  the  viscosity  to  this  level,  the  crude  oil  is  pre- 
heated  in  the  heat  exchanger  32  before  it  is  supplied 
to  the  primary  nozzle  24  and  secondary  nozzle  40,  as 
has  been  previously  discussed. 

The  preferred  second  embodiment  includes  con- 
trol  means  44  for  controlling  the  flow  of  crude  oil  to 
the  primary  nozzle  24  and  the  secondary  nozzle  40. 
The  control  means  44  may  be  a  pressure  regulator 
which  senses  the  pressure  of  the  crude  oil  supplied 
to  the  primary  nozzle  24  and  supplies  the  excess 
crude  oil  to  the  secondary  nozzles  40  when  the  pres- 
sure  of  the  crude  oil  supplied  to  the  primary  nozzle 
24  exceeds  a  pre-selected  pressure.  Alternatively,  a 
flow  meter  (not  illustrated)  may  be  provided  in  the  pri- 
mary  oil  line  62  and  used  to  generate  a  signal  which 
will  be  used  to  open  the  secondary  oil  line  63  to  the 
secondary  nozzles  40  when  the  flow  to  the  primary 
nozzle  24  exceeds  a  preselected  flow.  The  flow  meter 
may  also  be  visually  monitored  by  operating  person- 
nel  and  the  secondary  oil  line  63  opened  manually 
when  the  flow  to  the  primary  nozzle  24  exceeds  a 
preselected  amount. 

Having  previously  discussed  two  preferred  em- 
bodiments  of  the  present  invention,  the  following  dis- 
cussion  is  generally  applicable  to  all  embodiments  of 
the  present  invention.  Figure  1  illustrates  a  represen- 
tative  supply  means  22  for  supplying  the  crude  oil  to 
the  apparatus  20  for  combustion.  In  the  example  of 
Figure  1,  the  supply  means  22  is  connected  to  a  pro- 
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duction  well  test  system  which  includes  choke  mani- 
fold  64,  horizontal  separator  and  metering  skid  66, 
vertical  test  tank68,  and  pump  70.  This  is  one  of  many 
possible  arrangements  and  equipment  configura- 
tions  for  a  production  well  test  system  and  is  not  in- 
tended  to  be  limiting,  but  is  provided  to  facilitate  an  un- 
derstanding  of  the  operation  of  the  invention.  Pro- 
duced  fluids  flow  from  the  subterranean  well  to  the 
choke  manifold  64  through  production  line  72.  The 
choke  manifold  64  controls  the  pressure  of  the  fluid 
downstream  of  the  choke  manifold.  From  the  choke 
manifold  64  the  produced  fluid  flows  through  line  74 
to  heat  exchanger  32.  The  preferred  heat  exchanger 
32  comprises  a  pipe  or  conduit  which  is  placed  in  a 
cavity  between  the  outside  wall  76  of  the  combustion 
chamber  and  the  insulation  78  in  the  combustion 
chamber.  The  heat  exchanger  piping  32  may  be  ar- 
ranged  in  any  suitable  manner  in  the  cavity  to  achieve 
the  desired  heat  exchange,  as  would  be  known  to  one 
skilled  in  the  art  in  view  of  the  disclosure  contained 
herein.  The  thickness  of  the  insulation  78  between 
the  heat  exchanger  piping  32  and  the  interior  of  the 
combustion  chamber  28  may  be  selected  to  achieve 
a  desired  heat  exchange.  It  is  contemplated  that  the 
heat  exchanger  32  and  insulation  78  should  be  select- 
ed  such  that  the  skin  temperature  of  the  heat  ex- 
changer  piping  32  be  kept  at  a  skin  temperature  of  be- 
low  800°  Fahrenheit  in  order  to  prevent  coking  of  the 
oil  in  the  heat  exchanger  piping  32.  Bypass  valves  80 
are  provided  to  control  the  flow  of  crude  oil  through 
the  heat  exchanger  piping  32.  The  bypass  valves  may 
be  automated  and  a  temperature  control  system  (not 
illustrated)  may  be  provided  to  control  the  tempera- 
ture  of  the  crude  oil  in  the  heat  exchanger  piping  32 
and  in  the  supply  means  22  and  line  82  downstream 
of  the  heat  exchanger  32. 

From  the  heat  exchanger  32  the  crude  oil  flows 
through  line  82  to  the  horizontal  separator  and  meter- 
ing  skid  66.  In  the  horizontal  separator  and  metering 
skid,  gas  is  separated  from  the  crude  oil  and  the  flow 
of  fluids  from  the  subterranean  well  is  metered.  From 
the  horizontal  separator  and  metering  skid  66,  crude 
oil  flows  through  line  84  to  the  vertical  test  tank  68. 
From  the  vertical  test  tank  68,  crude  oil  flows  to  pump 
70  which  injects  the  crude  oil  into  line  86.  From  line 
86  the  crude  oil  flows  into  oil  supply  line  88  of  the  sup- 
ply  means  22  from  which  it  is  supplied  to  the  primary 
nozzle  24  (and  to  the  secondary  nozzle  40  in  the  sec- 
ond  embodiment).  A  bypass  line  90  may  also  be  pro- 
vided  to  dispose  of  crude  oil  from  line  86  which  is  not 
burned  in  apparatus  20. 

Gas  from  the  horizontal  separator  and  metering 
skid  66  is  conducted  through  line  92  to  gas  supply  line 
94  of  the  supply  means  22.  Line  94  connects  the  gas 
to  the  primary  nozzle  24.  As  has  been  previously  dis- 
cussed,  the  gas  may  also  be  connected  to  the  sec- 
ondary  nozzles  40  (not  illustrated).  Line  96  is  provid- 
ed  to  conduct  gas  to  other  gas  users  and  gas  disposal 

systems. 
In  the  preliminary  designs,  which  use  atomizing 

air  to  atomize  the  crude  oil,  the  pressure  at  the  pri- 
mary  and  secondary  nozzles  24,  40  will  be  deter- 

5  mined  by  the  flow  rate,  e.g.,  a  level  control  valve  in 
the  production  well  test  system  (such  as  on  the  hori- 
zontal  test  separator)  will  control  flow  which  will  in 
turn  determine  the  pressure  at  the  nozzles  24,  40. 
The  pressure  at  the  nozzles  24,  40  should  be  no  lower 

10  than  45  PSI.  If  the  nozzles  24,  40  use  liquid  pressure 
to  produce  the  desired  atomization,  they  will  typically 
need  to  be  operated  at  approximately  350  PSI. 

In  order  to  accommodate  low  gravity  crude  oils 
which  are  difficult  to  burn,  the  preferred  embodi- 

15  ments  will  be  designed  to  fire  with  diesel  fuel  until  op- 
erating  temperatures  are  reached  in  the  combustion 
chamber  28  and  the  crude  oil  and  heat  exchanger  32 
is  heated  to  the  desired  temperature,  at  which  time 
the  primary  nozzle  24  will  be  switched  to  crude  oil.  Af- 

20  terthe  primary  nozzle  24  is  operating  on  crude  oil  and 
the  desired  temperature  is  reached  in  the  combustion 
chamber  28,  the  additional  nozzles  on  the  primary 
nozzle  24  of  the  first  embodiment  or  the  secondary 
nozzles  40  on  the  second  embodiment  may  be  start- 

25  ed  and  will  be  ignited  by  the  combustion  produced  by 
the  primary  nozzle  24.  The  preferred  ignition  means 
30  is  a  liquified  petroleum  gas  ("LPG")  fueled  flame 
or  pilot.  Preferably,  the  ignition  means  30  will  be  lo- 
cated  in  the  combustion  chamber  28  just  below  the 

30  primary  feed  26. 
Burning  the  crude  oil  inside  the  combustion 

chamber  28  allows  control  of  the  temperature,  fuel 
residence  time,  and  turbulence  in  the  combustion 
chamber  28,  which  are  all  significant  factors  for  eff  i- 

35  cient  combustion.  The  combustion  of  the  primary  feed 
26  provides  a  source  of  heat,  the  combustion  cham- 
ber  28  provides  the  containment  and  fuel  residence 
time  necessary  to  create  a  very  high  temperature, 
and  the  atomizing  nozzles  24,  40  create  the  turbu- 

40  lence  and  droplets  needed  to  create  an  efficient  com- 
bustion.  Reducing  the  droplet  size  accelerates  the 
vaporization  process  and  improves  combustion,  i.e., 
reduced  droplet  size  produces  less  black  smoke,  less 
unburned  combustibles,  and  less  hydrocarbon  fall- 

45  out.  An  advantage  of  the  present  invention  is  to  re- 
duce  the  droplet  size  sufficiently  that  the  droplets  will 
vaporize  and  burn  completely.  Figure  4  presents  a 
chart  of  the  minimum  oil  temperature  versus  specific 
gravity  ("API  gravity")  determined  by  the  inventor  to 

so  produce  the  desired  droplet  size.  The  heat  exchanger 
32  should  be  designed  to  preheat  the  crude  oil  to  the 
minimum  temperatures  identified  in  Figure  4.  The 
crude  oil  should  not  be  heated  to  a  temperature  above 
800°  F  to  avoid  coking  of  the  crude  oil  in  the  piping. 

55  Although  representative  sizings  and  capacities  of 
the  apparatus  20  have  been  discussed  above,  the  ac- 
tual  capacity  is  defined  by  the  heating  value  of  the  flu- 
id  to  be  combusted,  as  would  be  known  to  one  skilled 
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in  the  art  in  view  of  the  disclosure  contained  herein. 
The  physical  size  of  the  combustion  chamber  28  is 
dictated  by  the  desired  burning  capacity.  As  a  rule  of 
thumb,  the  burning  capacity  of  the  combustion  cham- 
ber  28  is  approximately  150,000  BTU  per  cubic  foot 
of  volume.  This  formula  is  dependent  upon  the  noz- 
zles  24,  40  and  the  nozzles'  and  combustion  cham- 
ber's  abilities  to  mix  air  with  fuel.  The  preferred  noz- 
zles  24,  40  and  blowers  56,  58,  60,  61  allow  the  fuel 
air  mixture  to  be  adjusted  to  assist  in  controlling  emis- 
sions  from  the  combustion  chamber  28. 

Other  controls  and  flame  safety  equipment  used 
with  the  apparatus  will  include:  a  microprocessor  tem- 
perature  controller,  high  temperature  -  limit  protection, 
flame  supervision  and  metering,  panel  status  indicat- 
ing  lights,  self-checking  limits  circuitry,  a  time- 
adjustable  purge  cycle,  relay  logic  reliability,  and  op- 
erator  programmable  features.  Asafety  system  will  be 
provided  which  will  include  a  start-up  sequence,  en- 
gine  shutdown,  and  oil  bypass  circuit. 

While  presently  preferred  embodiments  of  the  in- 
vention  have  been  described  herein  for  the  purpose 
of  disclosure,  numerous  changes  in  the  construction 
and  arrangement  of  parts  and  the  performance  of 
steps  will  suggest  themselves  to  those  skilled  in  the 
art  in  view  of  the  disclosure  contained  herein. 

Claims 

1.  Apparatus  for  combusting  crude  oil  produced 
during  testing  of  a  subterranean  well,  which  com- 
prises  supply  means  (22)  for  receiving  the  crude 
oil;  a  primary  nozzle  (24),  connected  to  the  sup- 
ply  means  (22),  for  atomizing  and  spraying  a  pri- 
mary  feed  (26)  of  the  crude  oil;  a  combustion 
chamber  (28)  for  receiving  and  combusting  the 
atomized  primary  feed  (26)  and  confining  the 
combustion  so  that  the  primary  feed  is  complete- 
ly  combusted  in  the  combustion  chamber,  the  pri- 
mary  nozzle  being  located  inside  the  chamber; 
and  ignition  means  (30)  for  igniting  the  oil. 

2.  Apparatus  according  to  claim  1  ,  in  which  the  com- 
bustion  chamber  (28)  comprises  a  heat  exchang- 
er  (32)  connected  to  the  combustion  chamber  in 
thermal  communication  with  the  combustion 
chamber;  and  wherein  the  supply  means  (22)  is 
connected  to  the  heat  exchanger  (32)  for  heating 
the  crude  oil  before  the  crude  oil  is  supplied  to 
the  primary  nozzle  (24)  for  combustion  in  order  to 
reduce  the  viscosity  of  the  crude  oil  and  de- 
crease  the  droplet  size  of  the  crude  oil  atomized 
by  the  primary  nozzle  (24). 

3.  Apparatus  according  to  claim  1  or  2,  which  com- 
prises  a  secondary  nozzle  (40),  connected  to  the 
supply  means  (22)  and  located  in  the  combustion 

chamber  (28),  for  atomizing  and  spraying  a  sec- 
ondary  feed  (42)  of  crude  oil  into  the  combustion 
chamber. 

5  4.  Apparatus  according  to  claim  3,  wherein  the  sec- 
ondary  nozzle  (40)  sprays  the  secondary  feed 
(42)  into  the  combustion  of  the  primary  feed  (26) 
so  that  the  heat  of  combustion  of  the  primary 
feed  will  vaporize  the  secondary  feed. 

10 
5.  Apparatus  according  to  claim  4,  wherein  the 

spray  of  the  secondary  feed  (42)  is  heated  above 
the  ignition  temperature  of  the  vaporized  second- 
ary  feed  by  the  combustion  of  the  primary  feed 

15  (26)  so  that  the  vaporized  secondary  feed  will 
completely  combust  on  contact  with  air. 

6.  Apparatus  according  to  claim  2,3,4  or  5,  wherein 
the  supply  means  (22)  is  connected  to  the  heat 

20  exchanger  (32)  for  heating  the  crude  oil  before 
the  crude  oil  is  supplied  to  the  secondary  nozzle 
(40)  in  order  to  reduce  the  viscosity  of  the  crude 
oil  and  decrease  the  droplet  size  of  the  crude  oil 
atomized  by  the  secondary  nozzle. 

25 
7.  Apparatus  according  to  claim  3,4,5  or  6,  which 

comprises  control  means  (44)  for  controlling  the 
flow  of  crude  oil  to  the  primary  nozzle  (24)  and  to 
the  secondary  nozzle  (40),  the  control  means  be- 

30  ing  arranged  to  divert  the  secondary  nozzle  (40) 
any  flow  of  crude  oil  in  excess  of  the  flow  capaci- 
ty  of  the  primary  nozzle  (24). 

8.  A  method  of  combusting  crude  oil  produced  dur- 
35  ing  testing  of  a  subterranean  well,  which  compris- 

es  feeding  the  crude  oil  to  the  supply  means  (22) 
of  an  apparatus  as  claimed  in  any  of  claims  1  to 
7,  and  combusting  the  crude  oil  in  the  apparatus. 

40 
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