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convection  section  from  radiant  heat  given  off  by 
the  radiant  section. 

These  solutions,  however,  increase  the  cost  and 
size  of  the  furnace  by  requiring  the  convection 

5  section  to  be  physically  separated  from  the 
radiant  section. 

GB-A-498477  describes  a  furnace  having  two  or 
more  vertical  rows  of  horizontal  tubes  disposed 
between  the  radiant  section  and  the  convection 

10  heating  zone.  The  adjacent  rows  of  these  horizon- 
tal  tubes  may  be  arranged  in  staggered  forma- 
tion. 

Thus,  there  is  a  need  for  a  furnace  which 
substantially  reduces  or  eliminates  the  loss  of 

75  radiant  heat  from  the  radiant  section  to  the 
convection  section,  but  is  nevertheless  simple  in 
design. 

It  is  an  object  of  the  invention  to  provide  a 
furnace  having  a  convection  section  closely  asso- 

20  ciated  with  the  radiant  section  but  which 
nevertheless  substantially  reduces  or  eliminates 
the  loss  of  radiant  heat  from  the  radiant  section  to 
the  convection  section  that  would  otherwise 
result  from  this  close  association. 

25  It  is  a  further  object  of  the  invention  to  provide  a 
radiation  shield  and  a  method  for  shielding  an 
object  such  as  a  convection  section  from  the 
radiant  energy  emitted  by  a  radiant  energy 
source,  while  at  the  same  time  allowing  for 

30  substantially  free  flow  of  gases  through  the  radi- 
ation  shield. 

These  and  other  objects  are  achieved  by  the 
furnace  according  to  the  invention  which  includes 
a  radiant  section,  a  convection  section,  and  a 

35  radiation  shield.  Radiant  heat  and  flue  gas  are 
generated  in  a  radiant  section  by  the  combustion 
of  fuel  therein.  This  flue  gas  flows  via  a  flow 
passage  substantially  freely  into  the  convection 
section,  which  is  positioned  above  the  radiant 

40  section.  The  radiation  shield  is  disposed  between 
the  radiant  section  and  the  convection  section  so 
as  to  substantially  block  the  "line-of-sight"  or 
"field  of  view"  between  the  radiant  section  and 
the  convection  section,  thereby  shielding  the 

45  convection  section  from  radiant  energy  emitted 
by  the  radiant  section.  The  convection  section  is 
positioned  above  the  radiant  section  and  is  pre- 
ferably  not  offset  therefrom. 

The  shield  preferably  does  not  occupy  more 
so  than  75%  of  the  cross  section  of  the  flow  path  at 

any  level,  i.e.,  at  each  level  preferably  at  least  25% 
of  the  flow  passage  is  open.  The  shield  may  be 
present  in  the  form  of  a  series  of  rows  in  which 
case  no  single  row  occupies  more  than  75%  of  the 

55  cross  section  such  that  the  flow  passage  is  prefer- 
ably  at  least  25%  open. 

The  radiation  shield  comprises  a  plurality  of 
staggered  plates  supported  by  hanging  means  for 
hanging  the  staggered  bodies  from  the  convec- 

60  tion  section.  The  hanging  means  in  one  embodi- 
ment  comprises  at  least  one  hanger  having  a 
hook-shaped  end  adapted  to  hook  onto  and  to 
hang  from  the  tubes  of  the  convection  section 
with  the  other  ends  of  the  hangers  adapted  to  be 

65  attached  to  the  plates.  The  plates  have  openings 

Description 

This  invention  relates  to  a  radiation  shield  and 
method  for  shielding  an  object,  such  as  a  convec- 
tion  section  of  a  furnace,  from  radiant  energy 
emitted  by  a  radiant  energy  source,  such  as  a 
radiant  section  of  a  furnace. 

One  important  modern  industrial  process 
relates  to  the  rapid  heating  of  essentially  satu- 
rated  hydrocarbons,  such  as  ethane,  propane, 
naphtha  or  gas  oil  to  produce  less  saturated 
products,  such  as  ethylene,  propylene,  butadiene, 
acetylene,  etc.  One  method  that  is  used  to  heat 
these  saturated  hydrocarbons  is  to  burn  a  fuel; 
use  the  hot  flue  gases  given  off  by  the  combus- 
tion  of  the  fuel  to  preheat  the  saturated  hydro- 
carbons;  and  then  heat  the  hydrocarbons  through 
the  cracking  range  in  close  proximity  to  the 
burning  fuel. 

This  method,  commonly  referred  to  as  "steam 
cracking",  has  typically  been  effected  by 
supplying  the  feedstock  in  vapourised  or 
unvapourised  form,  in  admixture  with  substantial 
amounts  of  steam,  to  suitable  rows  of  tubes, 
know  as  "coils",  in  a  cracking  furnace.  It  is 
conventional  to  pass  this  reaction  mixture 
through  a  number  of  parallel  coils  which  pass 
through  a  convection  section  of  the  cracking 
furnace  wherein  the  hot  flue  gas  given  off  by  the 
combustion  of  the  fuel  raises  the  temperature  of 
the  reaction  mixture  to  some  point  below  crack- 
ing  temperature.  The  reaction  mixture  then 
passes  through  coils  in  a  radiant  section  of  the 
cracking  furnace  wherein  burners  supply  the  heat 
necessary,  substantially  in  the  form  of  radiant 
energy,  to  bring  the  reactants  to  the  desired 
reaction  cracking  temperature  and  effect  the 
desired  reaction. 

One  problem  that  has  imposed  constraints  on 
modern  designs  of  steam  cracking  furnaces  is 
that  the  convection  section  will  "drain"  or  "steal" 
radiant  energy  from  the  radiant  section  to  the 
extent  that  the  radiant  section  is  in  the  direct 
"line-of-sight"  of  the  convection  section.  To  com- 
pensate  for  this  lost  energy,  additional  fuel  must 
be  burned  to  maintain  the  desired  temperatures 
in  the  radiant  section.  Of  course,  the  greater  the 
"field  of  view"  between  the  radiant  and  convec- 
tion  secions,  the  greater  the  extent  of  this  radi- 
ation  absorption  by  the  convection  section. 

Various  designs  have  been  proposed  to  reduce 
this  undesirable  effect,  such  as  that  disclosed  in 
US-A-3  671  198  (WALLACE).  In  WALLACE  the 
convection  section  is  offset  to  the  side  of  the 
radiant  section  to  reduce  or  eliminate  the  extent 
to  which  the  convection  section  is  in  direct  "line- 
of-sight"  of  the  radiant  section  so  that  a  reduced 
amount  of  the  radiant  heat  reaches  the  convec- 
tion  section. 

Another  proposed  solution  is  to  raise  and 
separate  the  convection  section  sufficiently  above 
the  radiant  section  so  that  a  long  flue  gas  passage 
that  connects  the  two  sections  can  be  used  to 
significantly  narrow  the  "field  of  view"  between 
the  two  sections  and  thus  physically  shield  the 
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substantially  reduce  the  amount  of  radiant 
energy  generated  in  the  radiant  section  from 
escaping  to  the  convection  section;  and  flowing 
the  flue  gas  substantially  freely  through  the 

5  shield,  from  the  radiant  section  to  the  convec- 
tion  section. 

The  radiant  energy  may  be  blocked  from 
reaching  the  convection  section  by  a  first  row  of 
spaced  apart  plates.  The  radiant  energy  passing 

10  between  the  bodies  in  the  first  row  is  blocked 
from  directly  reaching  the  convection  section  by 
a  second  row  of  plates,  staggered  with  respect 
to  the  first  row  of  plates.  Each  plate  has  a  first 
portion  facing  the  radiant  section  and  a  second 

15  surface  facing  the  convection  section.  Radiant 
energy  incident  upon  the  first  portion  is  blocked 
by  each  plate  and  the  second  portion  emits  less 
than  the  amount  of  radiant  energy  incident 
upon  the  first  portion.  Furthermore,  depending 

20  upon  the  structure  of  the  staggered  plates,  less 
than  the  total  amount  of  radiation  incident  upon 
the  first  portion  is  transmitted  to  the  second 
portion. 

Once  again,  with  the  method  of  the  invention 
25  the  staggered  plates  themselves  may  be  as 

described  above,  with  portions  thereof  prefer- 
ably  comprising  an  insulation  material  such  as 
fibrous  kaolin. 

The  invention  may  be  best  understood  from 
30  the  following  description  when  read  in  conjunc- 

tion  with  the  accompanying  drawings,  in  which: 
Figure  1  is  a  cross-sectional  view  of  a  furnace 

having  convection  tubes  mounted  above  a 
radiant  section  and  shield  plates  mounted  there- 

35  between; 
Figure  2  is  a  cross-sectional  view  of  shield 

plates  having  two  layers,  disposed  between  a 
radiant  section  and  a  convection  section  (shown 
schematically); 

40  Figure  3  is  a  perspective  view  of  shield  plates 
which  are  supported  by  hangers  attached  to  the 
convection  tubes;  and 

Figure  4  is  a  cross-sectional  view  of  another 
embodiment  of  the  hangers  for  supporting  the 

45  shield  plates  from  the  convection  tubes. 
Prior  art  furnaces  prevent  the  convection  sec- 

tion  from  "stealing"  radiant  energy  from  the 
radiant  section  by  offsetting  the  convection  sec- 
tion  to  the  side  of  the  radiant  section,  as  pro- 

50  posed  by  Wallace,  US-A-3  671  198. 
The  present  invention  also  shields  the  convec- 

tion  section  from  the  radiant  section,  but  allows 
the  convection  section  to  be  placed  directly 
above  the  radiant  section,  thereby  reducing  the 

55  cost  and  size  of  the  furnace,  and  permitting  the 
flue  gas  to  travel  from  the  radiant  section  to  the 
convection  section  substantially  freely. 

The  furnace  of  the  present  invention  is  shown 
in  Figure  1.  This  figure  shows  a  furnace  10 

60  having  a  radiant  section  20,  which  produces 
radiant  energy  and  flue  gas,  and  a  convection 
section  having  convection  tubes  40  extending 
above  radiant  section  20.  Figure  1  illustrates  a 
steam  cracking  furnace  for  producing  olefins. 

65  However,  the  present  invention  can  be  used 

therein  which  are  adapted  to  engage  the  hanger 
at  different  positions  along  its  length  down  to 
its  free  end.  Each  plate  is  supported  by  two 
pairs  of  hangers,  with  each  pair  of  hangers 
being  supported  by  a  different  convection  tube. 

In  an  alternative  embodiment  each  hanging 
means  comprises  a  hanger  having  two  ends  and 
an  intermediate  portion.  Each  of  the  ends  is 
adapted  to  support  at  least  one  of  the  staggered 
plates  and  the  intermediate  portion  is  adaped  to 
be  hung  over  the  tubes  of  the  convection  sec- 
tion  such  that  each  convection  tube  supports  at 
least  one  of  the  staggered  bodies.  Each  convec- 
tion  tube  is  adapted  to  support  at  least  one 
hanger  and  each  staggered  plate  is  adapted  to 
be  supported  by  the  two  ends  of  one  of  the 
hangers. 

In  this  embodiment,  the  staggered  plates  may 
have  two  openings  therein  which  engage  the 
two  ends  of  one  of  the  hangers.  Other  openings 
may  be  provided  to  engage  at  least  one  other 
hanger.  Each  end  of  each  hanger  is  threaded 
and  includes  a  nut  so  that  each  end  of  the 
hanger  extends  through  one  of  the  openings  in 
the  plates  and  the  nut  is  threaded  on  each  end 
of  the  hanger  against  the  plate  so  that  the  plate 
is  firmly  attached  to  the  hanger.  At  least  one 
hanger  supports  a  plurality  of  plates  and  the 
plurality  of  plates  are  spaced  along  the  length  of 
the  hanger,  wherein  each  plate  has  two  open- 
ings  therein  for  engaging  the  ends  of  the 
hanger. 

The  above  apparatus  and  method  thus  makes 
it  possible  to  provide  a  furnace  having  a  convec- 
tion  section  closely  associated  with  the  radiant 
section  but  which  nevertheless  substantially 
reduces  or  eliminates  the  loss  of  radiant  heat 
from  the  radiant  section  to  the  convection  sec- 
tion  that  would  otherwise  result  from  this  close 
association. 

In  still  another  embodiment  the  radiation 
shield  includes  a  plurality  of  staggered  plates, 
each  of  which  has  a  first  portion,  adapted  to 
face  the  radiant  section,  and  a  second  portion, 
adapted  to  face  the  convection  section.  When 
radiant  energy  from  the  radiant  section  strikes 
the  first  portion,  a  reduced  amount  of  this 
energy  is  transmitted  to  the  second  portion  and 
radiated  toward  the  convection  section.  Each 
staggered  piate  may  have  the  first  portion  as  a 
reflecting  layer  and  the  second  portion  as  an 
insulating  layer  or  the  first  portion  as  an  insulat- 
ing  layer  and  the  second  portion  as  a  reflective 
layer. 

The  invention  also  relates  to  a  method  of 
operating  a  furnace  in  which  cracking  of  satu- 
rated  hydrocarbons  occurs  in  an  efficient 
manner  such  that  radiant  heat  is  not  drained  by 
the  convection  section  of  the  furnace.  The 
method  includes  burning  fuel  in  a  radiant  sec- 
tion  of  the  furnace  to  produce  radiant  energy 
and  flue  gas;  substantially  blocking  or  obstruct- 
ing  the  "line-of-sight"  between  the  radiant  sec- 
tion  and  the  convection  section  located  above 
the  radiant  section  with  the  radiation  shield  to 
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with  other  types  of  furnaces  such  as  steam  refor- 
mers  and  process  heaters. 

Radiant  section  20  is  typically  operated  at  coil 
outlet  temperatures  of  700-900cC.  The  flue  gases 
that  are  produced  leave  radiant  section  20  at  1  000-  5 
1200°C. 

Hydrocarbonaceous  process  fluid  to  be  cracked 
flows  through  convection  tubes  40.  Here  it  is  pre- 
heated  by  hot  flue  gases  to  some  temperature  just 
below  the  incipient  cracking  temperature.  For  to 
example,  for  cracking  ethane  to  ethylene,  which 
has  an  incipient  cracking  temperature  of  about 
704°C  (1300°F),  the  process  fluid  is  pre-heated  to 
about  566°-649°C  (1050°-1200°F).  Flue  gases  are 
represented  by  arrows  in  radiant  section  20.  Once  w 
the  process  fluid  is  pre-heated,  it  is  conducted  (as 
shown  in  dotted  lines)  to  radiant  tubes  22  in 
radiant  section  20  to  complete  the  cracking  pro- 
cess.  The  process  fluids  may  comprise  hydro- 
carbons  ranging  from  ethane  to  gas  or  oil,  and  20 
even  steam. 

Convection  tubes  40  are  arranged  in  rows  at 
various  heights  above  radiant  section  20. 
Although  only  two  rows  are  shown  in  Figure  1, 
additional  rows  of  convection  tubes  can  be  pro-  25 
vided.  Tubes  40  are  supported  by  tube  supports 
42.  Supports  42  are,  in  turn,  attached  to  the  vertical 
walls  23  above  radiation  section  20.  Vertical  walls 
23  close  the  convection  section  and  rise  above 
radiant  section  20,  and  hold  supports  42.  Thus,  30 
convection  tubes  40  are  economically  and  com- 
pactly  mounted  on  top  of  radiant  section  20. 

Although  the  close  spacing  of  the  convection 
and  radiant  sections  is  desirable  for  economic 
reasons,  itwould  normally  be  impractical,  because  35 
convection  tubes  40  would  "steal"  or  "drain" 
radiant  energy  from  radiant  section  20,  thereby 
tending  to  lower  the  radiant  heat  density  of  section 
20,  typically  by  5-20%.  This  decrease  in  the  radiant 
heat  density  of  radiant  section  20  requires  the  40 
combustion  of  additional  fuel  to  maintain  a  given 
radiant  heat  density. 

In  order  to  minimise  the  radiant  heat  loss  from 
radiant  section  20,  while  at  the  same  time  position- 
ing  convection  tubes  40  close  to  radiant  section  20,  45 
so  as  to  receive  combustion  gases  therefrom,  a 
radiation  shield  30  is  inserted  into  a  flow  passage 
through  which  flue  gases  travel  or  flow  from 
radiant  section  20  to  convection  tubes  40.  The 
radiation  shield,  to  be  effective,  must  perform  50 
several  functions.  First,  it  must  allow  flue  gas  to 
travel  substantially  freely  from  radiant  section  20 
to  convection  tubes  40.  Second,  it  must  minimise 
or  prevent  radiant  heat  present  in  radiant  section 
20,  from  reaching  the  radiant  energy-absorbing  55 
surfaces  in  the  convection  section,  e.g.  tubes  40. 

In  order  to  minimise  or  prevent  the  radiant 
energy  from  reaching  convection  tubes  40,  a 
shield  is  provided  which  substantially  blocks  the 
"line-of-sight"  between  the  radiant  section  and  eo 
convection  section.  "Line-of-sight"  as  it  is  used 
here  is  defined  as  the  spatial  relationship  between 
the  radiant  and  convection  sections  such  that 
radiant  energy  travels  in  a  straight  line,  without 
obstruction,  from  the  radiant  to  the  convection  65 

section.  By  substantially  blocking  the  "line-of- 
sight"  between  the  radiant  and  convection  sec- 
tions,  radiant  energy  is  not  directly  incident  upon 
convection  tubes  40.  The  shield  itself,  of  course, 
will  heat  up  and  re-radiate  or  reflect  some  radiant 
energy  to  convection  tubes  40,  but  the  amount  of 
radiant  energy  incident  upon  convection  tubes  40 
by  this  process  is  substantially  less  than  the 
amount  of  radiant  energy  that  would  reach  tubes 
40  without  the  obstruction  of  the  "line-of-sight". 
Furthermore,  in  order  to  minimise  the  re-radiation 
of  radiant  energy,  the  shield  may  comprise  insulat- 
ing  material,  such  as  fibrous  kaolin.  Because 
insulating  material  is  a  poor  heat  conductor,  only  a 
fraction  of  the  total  amount  of  radiant  energy 
incident  upon  and  absorbed  by  the  portion  of  the 
shield  facing  the  radiant  section  will  be  transmit- 
ted  to  and  emitted  from  the  portion  of  the  shield 
facing  the  radiant  section.  Although  insulating 
material  such  as  kaolin  is  the  preferred  material  for 
the  shield,  some  advantage  will  be  achieved  using 
almost  any  material,  such  that  even  reflective  or 
conducting  material  may  be  used  for  the  shield  to 
some  advantage.  As  long  as  the  "line-of-sight"  is 
substantially  blocked,  the  radiant  energy 
"drained"  by  convection  tubes  40  will  be  reduced. 

Blocking  the  "line-of-sight"  alone,  however,  is 
not  sufficient  for  the  invention  to  achieve  its  dual 
purposes;  the  invention  must  also  permit  flue 
gases  to  travel  substantially  freely  from  radiant 
section  20  to  the  convection  section.  To  accom- 
plish  this  goal,  the  shield  may  preferably  comprise 
a  plurality  of  staggered  plates,  staggered  in  the 
direction  of  the  flow  of  the  flue  gas.  The  plates 
comprise  at  least  two  rows  in  which  the  plates  are 
spaced  apart.  The  plates  in  the  second  row  are 
positioned  between  the  plates  in  the  first  row. 

The  plates  in  the  second  row  are  sufficiently 
large  and  are  so  spaced  that  substantially  ail  of  the 
radiant  energy  passing  between  the  first  row  is 
blocked  by  the  second  row.  Alternatively,  there 
may  be  many  rows  of  staggered  plates  so  that  a 
portion  of  radiant  energy  emitted  by  radiant 
section  20  is  not  blocked  until  it  reaches  the  last 
row;  as  long  as  the  last  row  blocks  substantially  all 
of  the  radiant  energy  travelling  between  the  other 
rows,  the  invention  will  produce  its  desired  effect. 

The  plates  in  the  second  row  are  spaced  from  the 
first  row  in  the  direction  of  the  gas  flow,  so  that  the 
flue  gas  can  flow  between  the  first  and  second 
rows.  The  cross-sectional  area  of  the  flow  passage 
connecting  the  radiant  and  convection  sections 
along  any  row  of  the  shield  is  sufficient  to  permit 
substantially  free  gas  flow,  and,  in  one  embodi- 
ment,  is  preferably  at  least  25%  open.  The  spacing 
of  the  rows  from  one  another  is  obviously  an 
important  consideration,  and  should  again  be 
selected  so  as  to  permit  the  relatively  free  flow  of 
the  flue  gases  through  the  shield. 

In  a  preferred  embodiment,  the  shield  com- 
prises  plates  60  of  kaolin  board,  as  seen  in  Figures 
1,  3  and  4.  Alternatively,  the  plates  may  combine 
an  insulating  and  reflective  metal  layer,  as  seen  in 
plates  50  in  Figure  2. 

The  preferred  embodiment,  shown  in  Figures  1, 
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52  to  its  top  portion  which  faces  the  bottom  portion 
of  reflective  layer  54.  Most  of  the  radiation  that 
reaches  the  bottom  portion  of  reflecting  layer  54 
will  be  reflected  back  toward  radiant  section  20, 
into  insulating  layer  52  so  that  the  top  portion  of 
reflecting  layer  54  which  faces  convection  tubes  40 
radiates  substantially  less  than  the  total  amount  of 
radiant  energy  incident  upon  the  shield. 

Other  structures  may  also  function  as  a  radiation 
shield  according  to  the  invention.  For  example,  an 
array  of  spheres  having  insulating  material 
therein,  or  one  multi-layered  sheet  having  opening 
therein,  that  are  located  between  convection  tubes 
40,  so  that  tubes  40  are  substantially  out  of  the 
"line-of-sight"  radiant  section  20,  could  be  used. 

The  present  invention  can  be  used  on  any 
furnace  in  which  it  is  desirableto  minimise  the  loss 
of  radiation  from  the  radiant  section,  while  at  the 
same  time  allowing  the  flue  gases  to  pass  to  the 
other  side  of  the  shield.  In  addition,  the  radiation 
shield  of  the  present  invention  may  be  used  in 
conjunction  with  home  wood-burning  stoves. 
When  disposed  between  a  structural  wall  and  the 
stove,  the  shield  will  interfere  with  radiation  losses 
to  the  wall,  while  simultaneously  allowing  cool 
room  air  to  enter  the  space  between  the  wall  and 
the  shield  and  become  heated  up,  thereby  further 
warming  the  room. 

In  another  application,  the  radiation  shield  could 
be  used  in  the  smokestack  of  a  furnace,  in  conjunc- 
tion  with  a  waste-heat  recovery  system.  In  waste- 
heat  recovery  systems,  the  heat  from  hot  gases 
escaping  from  a  furnace  is  transferred  to  a  heat 
exchanger  which  carries  the  heat  to  a  remote 
location  to  where  the  normally  wasted  heat  is  used 
for  a  variety  of  useful  purposes.  The  radiation 
shield  could  be  placed  between  the  furnace  and 
the  heat  exchanger  to  allow  the  hot  gases  to  reach 
the  heat  exchanger  while  at  the  same  time  pre- 
venting  the  heat  exchanger  from  draining  any 
radiant  energy  from  the  stack. 

Claims 

1.  A  radiation  shield  for  a  furnace  comprising  a 
flow  passage  connecting  a  radiant  section  in  which 
flue  gas  is  produced  and  a  convection  section  in 
which  process  fluid  is  pre-heated  by  said  flue  gas, 
which  shield  comprises  a  plurality  of  staggered 
bodies  and  wherein  said  fiue  gas  flows  sub- 
stantially  freely  through  said  radiation  shield  when 
said  shield  is  inserted  into  said  flow  passage 
characterised  in  that  said  staggered  bodies  are 
plates  and  said  radiation  shield  further  comprises 
hanging  means  for  hanging  each  of  said  plates 
from  said  convection  section,  said  plates  being  of 
such  a  size  and  so  positioned  so  as  to  substantially 
block  the  "line-of-sight"  of  said  radiant  section  and 
said  convection  section. 

2.  The  radiation  shield  of  claim  1  wherein  the 
cross-sectional  area  of  said  flow  passage  across 
any  level  of  said  shield  is  at  least  25%  open. 

3.  The  radiation  shield  of  claim  1  or  2  which 
comprises  at  least  a  first  and  second  row  of 
staggered  plates. 

3  and  4,  includes  two  rows  of  staggered  plates  60, 
staggered  in  the  direction  of  the  flow  of  flue  gas. 
The  preferred  means  for  supporting  plates  60  are 
hangers  which  support  plates  60  from  the  convec- 
tion  section.  Alternatively,  plates  60  may  be 
supported  by  beam  37. 

In  the  embodiment  disclosed  in  Figure  1  and  ' 

more  clearly  seen  in  Figure  4,  hangers  62  have  two 
ends  and  an  intermediate  section  66  there- 
between.  The  ends  of  each  hanger  are  threaded 
and  are  adapted  to  pass  through  openings  in  at 
least  one  plate  60  and  are  secured  thereto  by  a  nut. 
Intermediate  section  66  is  hung  over  and 
supported  by  the  top  of  a  convection  tube  40.  As 
seen  in  Figure  4  each  plate  is  supported  by  two 
hangers  which  are  supported  by  the  same  tube  40, 
and  several  hangers  are  long  enough  to  support 
two  plates  in  different  rows.  It  is  also  within  the 
scope  of  the  invention  for  each  hanger  to  support 
plates  in  three  or  more  rows.  Typically,  the  plates 
are  30.5  cm  wide,  61-91.4  cm  long,  and  they  are 
spaced  on  levels  10  cm  apart. 

Alternatively,  each  plate  60  could  be  supported 
by  a  plurality  of  hangers  which  are  attached  to 
different  convection  tubes.  Such  an  embodiment 
is  illustrated  in  Figure  3.  In  Figure  3,  hangers  70 
have  one  hook-shaped  end  72,  hooked  around  the 
top  of  a  convection  tube  40  to  support  a  plate  60 
attached  to  the  other  end  74  thereof.  Each  plate  60 
has  an  opening  therein  adapted  to  receive 
threaded  end  74  of  hanger  72.  A  nut  is  threaded  on 
end  74  to  firmly  attach  plates  40  to  hangers  70. 
Each  plate  is  supported  by  two  pairs  of  hangers  70, 
and  each  pair  of  hangers  is  supported  by  a 
different  convection  tube  40.  In  addition,  each 
hanger  supports  at  least  two  plates  in  different 
rows. 

Figure  2  shows  an  alternate  arrangement,  in 
which  staggered  shield  plates  50  comprise  an 
upper  layer  52  composed  of  an  insulating  material 
such  as  a  kaolin  fiber  blanket,  and  a  lower  layer  54 
of  reflective  metal,  such  as  polished  stainless  steel. 

Radiation  emitted  from  radiant  section  20  strikes 
the  lower  reflective  metal  layer  of  shield  plate  50, 
and  is  reflected  backto  radiant  section  20.  As  metal 
layer  54  heats  up  and  re-radiates  and  conducts 
radiant  energy  upward,  this  energy  is  absorbed  by 
the  bottom  portion  of  insulation  layer  52  which 
faces  reflecting  layer  54.  Insulation  layer  52  is  a 
poor  conductor  of  heat  or  radiant  energy.  Thus, 
substantially  less  than  the  total  amount  of  radiant 
energy  incident  upon  layer  54  is  conducted  to  the 
top  portion  of  layer  52,  which  faces  convection 
tubes  40.  As  a  result,  convection  tubes  40  receive  a 
reduced  amount  of  radiation  from  radiant  section 
20.  At  the  same  time,  because  shield  plates  50  are 
staggered,  flue  gas  from  the  radiant  section  20  can 
reach  convection  tubes  40  substantially  freely,  as 
is  illustrated  by  the  arrows  in  Figure  2. 

The  radiation  shield  can  also  function  if  the 
layers  are  reversed.  When  insulation  layer  52  is  on 
the  bottom,  its  bottom  portion  absorbs  the  radi- 
ation  from  radiant  section  20,  and  conducts  sub- 
stantially  less  than  the  total  amount  of  radiant 
energy  incident  upon  the  bottom  portion  of  layer 
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bindet,  wobei  dieser  Schirm  eine  Mehrzahl  von 
gestaffelten  Teilen  umfasst  und  worin  das  Rauch- 
gas  im  wesentlichen  frei  durch  den  Strahlungs- 
schirm  stromen  kann,  wenn  der  Schirm  in  die 

5  Durchflusspassage  aufgestellt  wird,  dadurch 
gekennzeichnet,  dass  die  gestaffelten  Korper  Plat- 
ten  sind  und  der  Strahlungsschirm  weiterhin  Mit- 
tel  umfasst,  urn  jede  dieser  Platten  an  der  Konvek- 
tionszone  aufzuhangen,  und  wobei  die  Platten 

10  von  einer  Grosse  und  so  positioniert  sind,  dass 
die  "Sichtlinie"  der  Strahlungszone  und  der  Kon- 
vektionszone  im  wesentlichen  blockiert  ist. 

2.  Strahlungsschirm  gemass  Anspruch  1,  worin 
der  Querschnittsbereich  der  Durchflusspassage 

m  quer  liber  jede  Hohe  des  Schirmes  zu  wenigstens 
25%  geoffnet  ist. 

3.  Strahlungsschirm  gemass  Anspruch  1  oder2, 
welcher  wenigstens  eine  erste  und  eine  zweite 
Reihe  von  gestaffelten  Platten  umfasst. 

20  4.  Strahlungsschirm  gemass  einem  der  Ansprii- 
che  1  bis  3,  worin  die  gestaffelten  Korper  wenig- 
stens  teilweise  aus  Isolationsmaterial  gebildet 
sind. 

5.  Strahlungsschirm  gemass  einem  der  Anspru- 
25  che  1  bis  4,  worin  jeder  Korper  einen  ersten  Teil 

hat,  der  zur  Seite  der  Strahlungszone,  und  einen 
zweiten  Teil,  der  zur  Seite  der  Konvektionszone 
gerichtet  ist. 

6.  Strahlungsschirm  gemass  Anspruch  5,  worin 
30  der  erste  Teil  reflektierend  ist,  und  der  zweite  Teil 

eine  Isolationsschicht  umfasst. 
7.  Strahlungsschirm  gemass  Anspruch  5,  worin 

der  erste  Teil  eine  Isolationsschicht  ist  und  der 
zweite  Teil  reflektierend  ist. 

35  8.  Ein  Ofen,  umfassend: 
a)  eine  Strahlungszone,  welche  Strahlungs- 

energie  zum  Erhitzen  eines  Prozessfluids,  und 
Rauchgas  produziert; 

b)  eine  Konvektionszone,  in  der  dieses  Prozess- 
40  fluid  vorerhitzt  wird,  und  die  iiber  der  Strahlungs- 

zone  angeordnet  ist  und  nicht  vollstandig  von  der 
Strahlungszone  getrennt  ist  und 

c)  einen  Strahlungsschirm,  welcher  zwischen 
der  Strahlungszone  und  der  Konvektionszone 

45  positioniert  ist  und  durch  den  das  Rauchgas  im 
wesentlichen  frei  von  der  Strahlungszone  zur 
Konvektionszone  stromt,  dadurch  gekennzeich- 
net,  dass  der  Strahlungsschirm  eine  Mehrzahl 
von  gestaffelten  platten  umfasst,  welche  von  der 

so  Konvektionszone  herunterhangen,  so  dass  die 
"Sichtlinie"  zwischen  der  Strahlungszone  und  der 
Konvektionszone  im  wessentlichen  blockiert  ist. 

9.  Ofen  gemass  Anspruch  8,  weiterhin  umfas- 
send  eine  Durchflusspassage,  in  der  der  Strah- 

55  lungsschirm  positioniert  ist,  und  worin  der  Quer- 
schnittsbereich  der  Passage  durch  den  Schirm  zu 
wenigstens  25%  offen  ist,  so  das  das  Rauchgas 
im  wesentlichen  frei  durchstromen  kann. 

10.  Ofen  gemass  Anspruch  8  und  9,  worin  die 
60  Konvektionszone  vollstandig  iiber  der  Strah- 

lungszone  positioniert  ist. 
11.  Verfahren  zum  Betreiben  eines  Ofens, 

umfassend  eine  Strahlungszone  zur  Bereitstel- 
lung  von  Strahlungshitze,  um  ein  Prozessfluid  zu 

65  erhitzen,  und  von  Rauchgas,  und  eine  Konvek- 

4.  The  radiation  shield  of  any  of  claims  1  to  3 
wherein  said  staggered  bodies  are  at  least  par- 
tially  formed  of  insulating  material. 

5.  The  radiation  shield  of  any  of  claims  1  to  4 
wherein  each  body  has  a  first  portion  adapted  to 
face  said  radiant  section,  and  a  second  portion 
adapted  to  face  said  convection  section. 

6.  The  radiation  shield  of  claim  5  wherein  said 
first  portion  is  reflective  and  said  second  portion 
comprises  an  insulating  layer. 

7.  The  radiation  shield  of  claim  5  wherein  said 
first  portion  is  an  insulating  layer  and  said  second 
portion  is  reflective. 

8.  A  furnace  comprising: 
a)  a  radiant  section  which  produces  radiant 

energy  for  heating  a  process  fluid,  and  flue  gas; 
b)  a  convection  section  in  which  said  process 

fluid  is  pre-heated,  said  convection  section  being 
positioned  above  said  radiant  section,  and  being 
not  substantially  offset  from  said  radiant  section; 
and 

c)  a  radiation  shield  disposed  between  said 
radiant  section  and  said  convection  section, 
wherein  said  flue  gas  flows  substantially  freely 
from  said  radiant  section  to  said  convection  sec- 
tion,  characterised  in  that  said  radiation  shield 
comprises  a  plurality  of  staggered  plates  hung 
from  said  convection  section  so  as  to  sub- 
stantially  block  the  "line-of-sight"  between  said 
radiant  section  and  said  convection  section. 

9.  The  furnace  of  claim  8  further  comprising  a 
flow  passage  in  which  said  radiation  shield  is 
positioned,  and  wherein  the  cross-sectional  area 
of  said  flow  passage  across  said  shield  is  at  least 
25%  open  so  that  said  flue  gas  flows  substantially 
freely  therethrough. 

10.  The  furnace  of  claim  8  and  9  wherein  said 
convection  section  is  disposed  entirely  above  said 
radiant  section. 

1  1  .  A  method  of  operating  a  furnace  comprising 
a  radiant  section  for  generating  radiant  heat  to 
heat  a  process  fluid,  and  a  flue  gas;  and  a 
convection  section  in  which  said  flue  gas  pre- 
heats  said  process  fluid,  said  method  comprising 
the  steps  of: 

a)  combusting  fuel  in  said  radiant  section  of 
said  furnace  to  produce  radiant  energy  and  flue 
gas; 

b)  substantially  blocking  the  "line-of-sight" 
between  said  radiant  section  and  said  convection 
section  located  above  said  radiant  section  with  a 
radiation  shield  comprising  a  plurality  of  stag- 
gered  plates  hung  from  said  convection  section; 
and 

c)  flowing  said  flue  gas  substantially  freely 
through  said  shield  from  said  radiant  section  to 
said  convection  section. 

Patentanspruche 

1.  Ein  Strahlungsschirm  fur  einen  Ofen,  umfas- 
send  eine  Durchflusspassage,  die  eine  Strah- 
lungszone,  in  welcher  das  Rauchgas  entsteht,  und 
eine  Konvektionszone,  in  welcher  das  Prozess- 
fluid  durch  dieses  Rauchgas  vorerhitzt  wird,  ver- 
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reflechissante  et  ladite  seconde  partie  com- 
prend  une  couche  isolante. 

7.  Ecran  anti-rayonnement  selon  la  revendi- 
cation  5,  dans  lequel  ladite  premiere  partie  est 

5  une  couche  isolante  et  ladite  seconde  partie 
est  reflechissante. 

8.  Four  comprenant: 
a)  une  section  de  rayonnement  qui  produit 

de  I'energie  rayonnante  pour  chauffer  un  fluide 
10  a  transformer,  et  des  gaz  de  carneau; 

b)  une  section  de  convection  dans  laquelle 
ledit  fluide  a  transformer  est  prechauffe,  ladite 
section  de  convection  etant  disposee  au-dessus 
de  ladite  section  de  rayonnement  et  n'etant 

15  pas  sensiblement  decalee  de  ladite  section  de 
rayonnement;  et 

c)  un  ecran  anti-rayonnement  dispose  entre 
ladite  section  de  rayonnement  et  ladite  section 
de  convection,  lesdits  gaz  de  carneau  s'ecou- 

20  lant  sensiblement  librement  de  ladite  section 
de  rayonnement  vers  ladite  section  de  convec- 
tion,  caracterise  en  ce  que  ledit  ecran  anti- 
rayonnement  comprend  plusieurs  plaques  en 
quinconce  suspendues  a  ladite  section  de 

25  convection  de  fagon  a  bloquer  sensiblement  la 
"ligne  de  mire"  entre  ladite  section  de  rayon- 
nement  et  ladite  section  de  convection. 

9.  Four  selon  la  revendication  8,  comprenant 
en  outre  un  passage  d'ecoulement  dans  lequel 

30  ledit  ecran  de  rayonnement  est  dispose,  I'aire 
de  la  section  transversale  dudit  passage 
d'ecoulement,  a  travers  ledit  ecran,  etant 
ouverte  a  au  moins  25%  afin  que  lesdits  gaz 
de  carneau  s'ecoulent  a  peu  pres  librement  a 

35  travers  I'ecran. 
10.  Four  selon  les  revendications  8  et  9, 

dans  lequel  ladite  section  de  convection  est 
disposee  en  totalite  au-dessus  de  ladite  section 
de  rayonnement. 

40  11.  Procede  de  mise  en  oeuvre  d'un  four 
comprenant  une  section  de  rayonnement  desti- 
nee  a  generer  de  la  chaleur  rayonnante  pour 
chauffer  un  fluide  a  transformer,  et  des  gaz  de 
carneau;  et  une  section  de  convection  dans 

45  laquelle  lesdits  gaz  de  carneau  prechauffent 
ledit  fluide  a  transformer,  ledit  procede  com- 
prenant  les  etapes  qui  consistent: 

a)  a  bruler  un  combustible  dans  ladite  sec- 
tion  de  rayonnement  dudit  four  pour  produire 

so  de  I'energie  rayonnante  et  des  gaz  de  carneau; 
b)  a  bloquer  sensiblement  la  "ligne  de  mire" 

entre  ladite  section  de  rayonnement  et  ladite 
section  de  convection  placee  au-dessus  de 
iadite  section  de  rayonnement  au  moyen  d'un 

55  ecran  anti-rayonnement  comprenant  plusieurs 
plaques  en  quinconce  suspendues  a  ladite  sec- 
tion  de  rayonnement;  et 

c)  a  faire  ecouler  lesdits  gaz  de  carneau  sen- 
siblement  librement  a  travers  ledit  ecran  de 

60  ladite  section  de  rayonnement  a  ladite  section 
de  convection. 

tionszone,  in  welcher  das  Rauchgas  das  Pro- 
zessfluid  vorerhitzt,  umfassend  folgende 
Schritte: 
.  a)  Verbrennen  des  Brennstoffs  in  der  Strah- 
lungszone  des  Ofens,  um  Strahlungsenergie 
und  Rauchgas  bereitzustellen; 

b)  Blockieren  der  "Sichtlinie"  zwischen  der 
Strahlungszone  und  der  Konvektionszone, 
welche  uber  der  Strahlungszone  angeordnet 
ist,  im  wesentlichen  mit  einem  Strahlungs- 
schirm,  welcher  eine  Mehrzahl  von  gestaffelten 
Platten  umfasst,  welche  von  der  Konvektions- 
zone  hangen;  und 

c)  im  wesentlichen  ungehindertes  Stromen 
des  Rauchgases  durch  den  Schirm  von  der 
Strahlungszone  zur  Konvektionszone. 

Revendications 

1.  Ecran  anti-rayonnement  pour  un  four 
comprenant  un  passage  d'ecoulement  reliant 
une  section  de  rayonnement,  dans  laquelle  des 
gaz  de  carneau  sont  produits,  et  une  section 
de  convection  dans  laquelle  un  fluide  a  trans- 
former  est  prechauffe  par  lesdits  gaz  de  car- 
neau,  lequel  ecran  comprend  plusieurs  corps 
en  quinconce  et  dans  lequel  lesdits  gaz  de  car- 
neau  s'ecoulent  sensiblement  librement  a  tra- 
vers  ledit  ecran  anti-rayonnement  lorsque  ledit 
ecran  est  insere  dans  ledit  passage  d'ecoule- 
ment,  caracterise  en  ce  que  lesdits  corps  en 
quinconce  sont  des  plaques  et  ledit  ecran  anti- 
rayonnement  comprend  en  outre  des  moyens 
de  suspension  destines  a  suspendre  chacune 
desdites  plaques  a  ladite  section  de  convec- 
tion,  lesdites  plaques  etant  d'une  dimension  et 
dans  une  position  telle  qu-elles  bloquent  sensi- 
blement  la  "ligne  de  mire"  de  ladite  section 
de  rayonnement  et  de  ladite  section  de 
convection. 

2.  Ecran  anti-rayonnement  selon  la  revendi- 
cation  1,  dans  lequel  I'aire  de  la  section  trans- 
versale  dudit  passage  d'ecoulement,  a  travers 
un  niveau  quelconque  dudit  ecran,  est  ouverte 
a  au  moins  25%. 

3.  Ecran  anti-rayonnement  selon  la  revendi- 
cation  1  ou  2,  qui  comprend  au  moins  des 
premiere  et  seconde  rangees  de  plaques  en 
quinconce. 

4.  Ecran  anti-rayonnement  selon  I'une  quel- 
conque  des  revendications  1  a  3,  dans  lequel 
lesdits  corps  en  quinconce  sont  formes  au 
moins  partiellement  d'une  matiere  isolante. 

5.  Ecran  anti-rayonnement  selon  I'une  quel- 
conque  des  revendications  1  a  4,  dans  lequel 
chaque  corps  comporte  une  premiere  partie 
congue  pour  faire  face  a  ladite  section  de 
rayonnement,  et  une  seconde  partie  congue 
pour  faire  face  a  ladite  section  de  convection. 

6.  Ecran  anti-rayonnement  selon  la  revendi- 
cation  5,  dans  lequel  ladite  premiere  partie  est 
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