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©  Compact  combustion  apparatus. 
©  A  compact  combustion  apparatus  12  comprises  a  plural- 
ity  of  radially  aligned  combustors  18  surrounding  a  central 
fan  22.  The  fan  22  draws  in  air  from  the  outside  and  provides 
the  air  for  primary  and  secondary  combustion  as  well  as  for 
cooling  the  gases  of  that  combustion.  Each  combustor  18 
receives  the  air  forced  from  the  central  fan  22  by  means  of  an 
annular  passage  60  formed  between  the  outer  shell  4  of  the 
combustor  18  and  its  liner  52.  The  outside  air  travels 
countercurrent  to  the  flow  of  the  combustion  gases  and 
serves  to  cool  the  combustor  liner  52  and  outer  shell  34  of 
each  combustor  16.  In  turn,  that  outside  air  is  heated  as  it 
passes  through  the  annular  passage  so  that  it  is  warmed 
before  being  introduced  into  combustion  chamber  (or  zone) 
34  of  each  combustor  18  to  be  mixed  with  atomized  liquid 
fuel  supplied  from  the  respective  nozzle  84  to  form  a 
combustibl  mixture.  Various  holes  94  in  the  combustor  liner 
52  allow  the  air  to  enter  a  secondary  combustion  chamber 
(or  zone)  56  as  well  as  a  dilution  chamber  (or  zone)  58  to  cool 
the  gases  of  combustion  for  later  use  in  transferring  heat  for 
various  uses.  In  a  preferred  embodiment,  the  mixed  combus- 
tion  gases  and  outside  air  are  passed  through  a  heat 
exchanger  16  to  utilize  that  heat  to  vaporize  a  liquid 
cryogenic  substance  such  as  nitrogen. 
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This  i n v e n t i o n   r e l a t e s   to  combustion  appa ra tu s   and  p a r t i c u l a r l y  

to  i n d u s t r i a l   combust ion  appa ra tu s   of  the  type  wherein  a  l i q u i d -  

fuel   is  burned  in  a  combustion  chamber  in  order  to  der ive   t h e  

heat  from  the  combust ion  gases  for  a  u s e f u l   p u r p o s e .  

Such  appa ra tus   may  serve  a  v a r i e t y   of  purposes ,   such  as  

i n d u s t r i a l   h e a t i n g ,   b o i l e r s   and  a lso   in  the  f i e l d   to  which  t h e  

p r e sen t   i n v e n t i o n   is  p a r t i c u l a r l y   s u i t e d ,   i . e .   v a p o r i z e r s   f o r  

c o n v e r t i n g   a  l i q u i d   c ryogenic   s u b s t a n c e   such  as  l i qu id   n i t r o g e n  

in to   vapour  to  be  used  for  var ious   i n d u s t r i a l   a p p l i c a t i o n s  

i n c l u d i n g   the  s e r v i c i n g   of  oi l   w e l l s .  

In  such  a p p l i c a t i o n s   as  a  v a p o r i z e r ,   the  unit   is  g e n e r a l l y  

r equ i red   to  be  shipped  to  va r ious   l o c a t i o n s   and  t h e r e a f t e r  

c o n t i n u a l l y   moved  as  i ts   needs  a r i s e .   One  of  the  f e a t u r e s  

des i r ed   of  such  equipment ,   is  that   i t   be  compact  and  l i gh t   so 

that   movement  is  f a c i l i t a t e d .  

On  the  other   hand,  to  achieve  l i g h t n e s s   and  compactness,   one 

does  not  want  to  s a c r i f i c e   combustion  i n t e n s i t y ,   that   is,  t h e  

u n i t ,   to  be  optimum,  must  s t i l l   have  a  high  combustion  i n t e n s i t y  

in  the  l i gh t   weight  p a c k a g e .  



A  f u r t h e r   advan tage   sought  is  the  a b i l i t y   to  c o n t r o l   t h e  

turndown,  or  the re   p r e f e r a b l y   is  some  means  by  which  the  f l ame  

i n t e n s i t y ,   and  thus  o v e r a l l   heat  gene ra t ed   for  use,  be  v a r i a b l e  

such  that   the  i n t e n s i t y   may  be  reduced  as  the  load  or  l i q u i d  

c ryogen ic   subs t ance   to  be  vapor i zed   is  c o r r e s p o n d i n g l y   r e d u c e d .  

It  is  an  aim  of  the  i n v e n t i o n ,   which  is  def ined  in  the  appended  

c la ims ,   to  p rov ide   a  r e l a t i v e l y   l i g h t w e i g h t ,   compact  c o m b u s t i o n  

appa ra tu s   that   is  p a r t i c u l a r l y   adapted  to  provide  heat  f o r  

v a p o r i z i n g   a  l i q u i d   c ryogenic   m a t e r i a l ,   yet  the  appa ra tu s   i s  

capable   of  e x h i b i t i n g   a  high  combustion  i n t e n s i t y .  

This  aim  is  achieved  by  v i r t u e   of  the  use  of  a  p l u r a l i t y   o f  

combustors ,   each  having  i t s   own  fuel   nozzle ,   primary  and 

secondary  combust ion  chambers,  and  d i l u t i o n   chamber  o r  

ombustion  chamber  with  primary  and  secondary  combustion  zones  

and  d i l u t i o n   zone.  A  c e n t r a l l y   l oca t ed   fan  supp l i e s   p r i m a r y ,  

secondary  and  d i l u t i o n   a i r   to  a l l   of  the  combustors  that   a r e  

t y p i c a l l y   r a d i a l l y   o r i e n t e d   around  the  fan.  The  c e n t r a l   f a n  

t y p i c a l l y   d e l i v e r s   ou t s ide   a i r   into  a  cold  plenum  from  which  t h e  

a i r   is  d e l i v e r e d   to  an  annula r   passage  su r round ing   each  of  t h e  

combustors  and  t h e r e a f t e r   t r a v e l s   along  the  length   of  each  

combustor  in  a  d i r e c t i o n   c o u n t e r c u r r e n t   to  the  flow  of  hot  g a s e s  

in  the  combustor  as  those  hot  gases  t r a v e l   from  the  primary  and 

secondary  combustion  chambers,  where  burning  occurs ,   to  t h e  

d i l u t i o n   chamber  when  the  hot  combustion  gases  are  mixed  and 

cooled  by  a i r   admi t t ed   through  openings  from  the  a n n u l a r  

passage.   The  hot  gases  t y p i c a l l y   cont inue   from  the  d i l u t i o n  

chamber  into  a  hot  plenum  where  the  heated  gases  are  mixed  f o r  

d e l i v e r y   for  some  use fu l   means.  In  a  p r e f e r r e d   embodiment  of  

the  i n v e n t i o n   the  heated  gases  are  d i r e c t e d   from  the  hot  p lenum 

through  a  s e r i e s   of  ba f f l e s   in  a  d i f f u s e r   s e c t i o n   and  into  a  

heat  exchanger  where  they  contac t   a  tube  bundle  c o n t a i n i n g  

l i q u i d   n i t r o g e n   (or  other   cryogenic   l i q u i d )   to  be  v a p o r i z e d ,  

before  being  exhausted   by  means  of  an  exhaust   p lenum.  

Owing  the  the  na ture   of  the  c e n t r a l   fan  and  c o u n t e r c u r r e n t   f l ow  

of  the  ou t s ide   a i r   in  each  of  the  combustors ,   c o n s t r u c t i o n   o f  



a  r e l a t i v e l y   compact  un i t   is  f a c i l i t a t e d   and,  p a r t l y   because  o f  

the  cool ing   by  the  ou t s ide   air   of  the  outer   she l l   and  l i ne r   i t  

employs,  the  combustor   may  be  c o n s t r u c t e d   of  t h i n n e r   gauge  

s t e e l ,   and  thus  less   heavy  m a t e r i a l s   than  in  c o n v e n t i o n a l  

c o m b u s t o r s .  

Also,  the  use  of  mu l t i p l e   combustors  a l lows  a  wide  turndown 

range:  s ince   a l l   of  the  combustors  p rov ide   heated  gases  to  a 

common  hot  plenum,  one  or  more  of  the  combustors  may  be  t u r n e d  

off  comple te ly   for  e f f e c t i v e   con t ro l   of  the  heat  f u r n i s h e d ,   i n  

th is   case,  to  the  heat  e x c h a n g e r .  

The  i n v e n t i o n   w i l l   now  be  desc r ibed   by  way  of  example  w i t h  

r e f e r e n c e   to  the  accompanying  drawings  in  which :  

Fig.  1,  is  an  i s o m e t r i c   view  of  an  o i l - f i r e d   v a p o r i z e r   f o r  

c ryogenic   l i q u i d s   u t i l i z i n g   a  combustion  appara tus   c o n s t r u c t e d  

in  accordance   with  the  p resen t   i n v e n t i o n ;  

Fig.  2,  is  a  c r o s s - s e c t i o n a l   side  view  of  the  vapo r i ze r   of  

F i g . l ;   and 

Fig.  3,  is  an  en la rged   c r o s s - s e c t i o n a l   side  view  of  a  t y p i c a l  

combustion  chamber  used  in  the  v a p o r i z e r   of  F i g . l .  

Turning  f i r s t   to  Fig.  1,  there  is  shown  an  i s o m e t r i c   view  of  an 

o i l - f i r e d   v a p o r i z e r   10  for  v a p o r i z i n g   c ryogen ic   l i q u i d s   such  as  

l i q u i d   n i t r o g e n   and  which  u t i l i z e s   a  combustion  appara tus   12 

designed  in  accordance   with  the  p re sen t   i n v e n t i o n   and  which  

f u r t h e r   i nc ludes   a d d i t i o n a l   s ec t ions   i n c l u d i n g   a  d i f f u s e r  

s e c t i o n   14  and  a  heat  exchanger  16,  the  f u n c t i o n   of  which  w i l l  

be  l a t e r   e x p l a i n e d .  

The  combustion  appara tus   12  wi l l   be  d e s c r i b e d   i n i t i a l l y   w i t h  

r e f e r e n c e   both  to  F i g . l   and  to  Fig.2  wherein  the  combus t ion  

appara tus   12  is  shown  in  c r o s s - s e c t i o n   v i ew.  

In  F i g . l ,   combustion  appara tus   12  inc ludes   a  p l u r a l i t y   o f  

combustors  18  which  extend  outwardly  from  a  main  frame  20.  In  



the  p r e f e r r e d   embodiment  the  main  frame  20  is  oc tagona l   in  s h a p e  

to  accommodate  e ight   combustors  18;  however,  more  or  l e s s  

combustors  18  may  be  used  depending  upon  the  r equ i rements   of  t h e  

p a r t i c u l a r   heat  g e n e r a t i n g   a p p a r a t u s .  

C e n t r a l l y   p o s i t i o n e d   w i th in   the  p l u r a l i t y   of  combustors  18  is  a  

fan  22  which  draws  in  ou t s ide   a i r   to  supply  the  same  for  p r i m a r y  

and  secondary  combust ion  as  well   as  for  d i l u t i o n   of  the  h o t  

combustion  g a s e s .  

In  F i g . l ,   two  of  the  combustors  18  are  shown  in  more  d e t a i l ,   i t  

being  unders tood   that   a l l   of  the  combustors  18  are  s i m i l a r .  

Those  d e t a i l s   inc lude   a  fuel   l ine   24  for  supply ing   fuel  oi l   f o r  

burning  i n s i d e   the  combustor  18.  In  a d d i t i o n ,   cable   26  s u p p l i e s  

e l e c t r i c a l   energy  to  an  i g n i t o r   assembly  28.  A  flame  d e t e c t o r  

30  is  used  to  moni tor   the  p resence   or  absence  of  a  flame  w i t h i n  

combustor  18 .  

Each  combustor  18  has  an  end  p l a t e   32  and  which  is  secured  t o  

the  outer   s h e l l   34  of  each  combustor  18  by  a  s t rap   clamp  36.  

Turning  again  to  F ig .2 ,   the  fan  22  is  powered  by  a  h y d r a u l i c  

motor  38  by  means  of  a  source  of  h y d r a u l i c   f l u i d   (not  shown) .  

Fan  22  has  a  shaf t   (not  shown)  on  which  is  mounted  a  fan  b l a d e  

42  and  suppor ted   by  a  suppor t   44  hold ing   fan  22  in  i ts   c e n t r a l  

p o s i t i o n   with  r e s p e c t   to  combustors  18 .  

When  fan  22  is  o p e r a t e d ,   the  blades  42  are  angled  to  draw  i n  

ou ts ide   air   and  force  that   a i r   in  the  d i r e c t i o n   of  arrows  46 

into  cold  plenum  48 .  

In  the  c o n s t r u c t i o n   of  combustor  18,  shown  in  d e t a i l   in  F i g . 3 ,  

the  outer  s h e l l   34  is  c y l i n d r i c a l   and  is  held  f irmly  in  p o s i t i o n  

by  the  frame  50  of  combustion  appa ra tus   12.  Within  the  o u t e r  

s h e l l   34  which  is  also  c y l i n d r i c a l l y   shaped  and  c o a x i a l  

t h e r e w i t h ,   is  a  l i n e r   52  c o n s t r u c t e d   of  a  r e l a t i v e l y   thin  (50 

mi l . )   s t a i n l e s s   s t e e l   and  wi th in   which  is  conta ined  (or  d e f i n e d )  

a  primary  combustion  chamber  (or  zone)  54,  a  s e c o n d a r y  

combustion  chamber  (or  zone)  56  where  the  hot  gases  from  p r i m a r y  



combustion  chamber  54  are  mixed  with  secondary  a i r   to  c o m p l e t e  

the  combustion  p r o c e s s .   The  gases  thus  proceed  to  d i l u t i o n  

chamber  (or  zone)  58  where  the  combustion  gases  are  mixed  w i t h  

and  cooled  by  a d d i t i o n a l   a i r .  

The  a i r   for  the  combustion  taking  place  in  primary  combus t ion  

chamber  54,  for  comple t ion   of  combustion  in  secondary  c o m b u s t i o n  

chamber  56  and  for  d i l u t i o n   of  the  hot  gases  of  combustion  i n  

d i l u t i o n   chamber  58  is  f o r c e d ,   by  the  fan  22,  through  c o l d  

plenum  48  and  thence  into  the  annular   passage  60  between  l i n e r  

52  and  outer   s h e l l   34  and  which  flow  of  a i r   serves  to  cool  t h e  

l i n e r   52  and  outer   s h e l l   34.  As  noted  in  Fig.  2,  the  a i r   p a s s e s  

through  the  annu la r   passage   60  in  the  d i r e c t i o n  o f   arrows  62.  

C e n t r a l l y   l o c a t e d   through  end  p l a t e   32  is  a  fuel   nozzle  64  wh ich  

r e c e i v e s   the  fuel   from  fue l   l ine   24  ( F i g . l )   and  sprays  that   f u e l  

into  primary  combust ion  chamber  54  for  burning  to  produce  h e a t .  

The  fuel   nozzle   t y p i c a l l y   may  be  of  c o n v e n t i o n a l   commerc ia l  

des ign  as  supp l i ed   by  the  Delavan  C o r p o r a t i o n   Nozzle  Model  No. 

27710-1  ra ted   for  fue l   consumption  of  50  l b s / h r .   of  JP4  fuel  o i l  

at  a  supply  p r e s s u r e   of  100  p . s . i . g .   and  which  sprays  out  t h e  

atomized  fuel   o i l   in  the  shape  of  a  hollow  cone  at  a  t o t a l   a n g l e  

of  approx imate ly   75° +  5°  about  i t s   c e n t r a l   a x i s .  

As  shown  in  F ig .3 ,   the  ou te r   su r f ace   66  of  the  fuel   nozzle  64  i s  

angled  with  r e spec t   to  i t s   c e n t r a l   axis  at  app rox ima te ly   30°  

t h e r e t o ,   or  converges  at  a  t o t a l   angle  with  r e spec t   to  i t s  

c e n t r a l   axis  of  about  60°  in  the  shape  of  a  t r unca t ed   cone .  

Surrounding  the  fuel   nozz le   64  is  a  c i r c u l a r   shaped  ba f f l e   p l a t e  

68  having  a  g e n e r a l l y   annu la r   dished  i n t e r i o r   70  and  a  c e n t r a l  

opening  72.  The  inner   l i p   74  of  the  annula r   dished  i n t e r i o r   70 

is  formed  at  an  angle  g e n e r a l l y   p a r a l l e l i n g   the  outer   surface   66 

of  fuel   nozzle   64,  the reby   forming  an  annula r   f rus t rum  o p e n i n g  

76  t h e r e w i t h .  

The  ba f f l e   p la te   68  is  c o a x i a l l y   mounted  with  r e spec t   to  t he  

fuel   nozzle  64  by  means  such  as  bo l t s   78  secured  to  end  p l a t e   32 

by  nuts  80  and  held  in  i t s   p r ede t e rmined   p o s i t i o n ' w i t h   r e s p e c t  

to  fuel   nozzle  64  by  space r s   82 .  



In  the  p r e f e r r e d   embodiment,  three   such  bo l t s   78,  spacers   82  a n d  

nuts  80  hold  the  b a f f l e   p l a t e   68  in  i t s   f ixed  p o s i t i o n   t h r o u g h  

holes   84  in  b a f f l e   p l a t e   68  and  a  f u r t h e r   hole  86  is  formed  i n  

b a f f l e   p la te   68  for  the  i g n i t i o n   assembly  28 .  

As  now  may  be  seen  in  F igs .   2  and  3,  the  flow  of  a i r   for  use  i n  

the  primary  combustion  chamber  54,  secondary  combustion  chamber 

56  and  d i l u t i o n   chamber  58  proceeds  as  fo l lows .   The  primary  a i r ,  

or  the  a i r   a c t u a l l y   used  in  the  i n i t i a l   combustion  of  the  l i q u i d  

fuel   passes   through  the  annu la r   passage  60  and  en te r s   p lenum 

chamber  88  through  a  p l u r a l i t y   of  openings  90  in  l i n e r   52.  The 

plenum  chamber  88  is  thus  formed  behind  the  b a f f l e   p l a t e   68  and 

a  p o r t i o n   of  a i r   in  tha t   chamber  leaks  past  the  outer   edge  92  o f  

the  b a f f l e   p l a t e   68  and  p rov ides   some  coo l ing   to  the  i n n e r  

s u r f a c e   of  l i n e r   52  and  p r o t e c t s   l i n e r   52  from  d i r e c t   a c t i on   or  

c o n t a c t . b y   the  combust ion  gases  of  primary  combustion  chamber  

54 .  

Most  of  the  a i r ,   however,  from  plenum  chamber  88  passes  t h r o u g h  

the  annula r   f ru s t rum  opening  76  to  serve  as  pr imary  air   t o  

supply  oxygen  for  the  combustion  of  the  l i q u i d   fue l .   As  n o t e d ,  

the  annu la r   f ru s t rum  opening  76  converges  in  the  d i r e c t i o n  

of  the  primary  combustion  chamber  54  and  t r a v e l s   toward  and 

impinges  upon,  the  d i v e r g i n g   hollow  con i ca l   spray  of  l i q u i d   f u e l  

from  fuel   nozzle  64.  Although  the  primary  a i r   has  b e e n  

d e s c r i b e d   as  being  d e l i v e r e d   to  primary  combustion  chamber  54  i n  

the  shape  of  a  converging  annula r   f rus t rum,   i t   should  be  n o t e d  

tha t   other   means  of  i n t r o d u c i n g   the  primary  a i r   from  p lenum 

chamber  88  to  the  primary  combustion  chamber  54  may  be  u s e d ,  

such  as  a  p l u r a l i t y   of  open ings ,   wi thout   d e p a r t i n g   from  t h e  

s p i r i t   of  the  p resen t   i n v e n t i o n .  

Secondary  a i r   i s  mixed   with  the  hot  combustion  gases  i n  

secondary   combustion  chamber  56  to  complete  the  combus t ion  

process   and  that   a i r   a l so   is  provided  from  annular   passage  60  by 

means  of  a  p l u r a l i t y   of  openings  94  in  l i n e r   52,  and  s t i l l  

f u r t h e r   a i r   is  provided  for  the  d i l u t i o n   chamber  58  wherein  t h a t  

a i r   is  admitted  from  annu la r   passage  60  by  means  of  openings  96 

to  mix  with  the  combustion  gases  to  cool  the  same.  



In  o p e r a t i o n ,   t h e r e f o r e ,   the  fuel   is  sprayed  ou tward ly   into  t h e  

pr imary  combustion  chamber  54  by  the  fuel   nozzle  64  and  i s  

a tomized  in to   small   d r o p l e t s   in  a  p r e d e t e r m i n e d   p a t t e r n   t o  

c r e a t e ,   in  c e r t a i n   zones,   the  combus t ib le   mixture  of  l i qu id   f u e l  

and  a i r   when  combust ion  can  a c t u a l l y   take  p l ace .   The  p a t t e r n  

forms  a  zone  98  of  such  combus t ib le   mixture   which  is  a 

r e l a t i v e l y   s t a b l e ,   qu ie t   zone  p r o t e c t e d   by  b a f f l e   p l a t e   68  and 

can  r e a d i l y   be  i g n i t e d   by  means  of  the  i g n i t o r   assembly  28.  

The  i g n i t o r   assembly  28  may  be  of  a  c o n v e n t i o n a l   spark  type  o f  

i g n i t o r   where  a  high  vo l t age   spark  causes  i g n i t i o n   of  the  l i q u i d  

f u e l / a i r   mixture  in  zone  98 .  

Once  i g n i t e d ,   the  flame  ma in ta ins   a  s t ab l e   p o s i t i o n   as  i t  

r e c e i v e s   the  primary  a i r ,   secondary   a i r   and  a d d i t i o n a l   a i r   f o r  

d i l u t i o n ,   a l l   from  annu la r   passage  60,  pass ing   in  c o u n t e r c u r r e n t  

r e l a t i o n s h i p   to  the  hot  gases  of  c o m b u s t i o n .  

As  the  ou ts ide   a i r   forced  by  fan  22  t r a v e l s   through  a n n u l a r  

passage   64,  i t   is  heated  as  i t   in  turn  cools  the  l i n e r   52  and 

ou te r   she l l   34;  thus  the  a i r   is  heated  for  b e t t e r   combustion  as 

i t   is  i n t r o d u c e d   in to   and  used  to  produce  a  combus t ib le   m i x t u r e  

in  primary  combustion  chamber  54.  Thus,  the  same  c e n t r a l l y  

l o c a t e d   fan  22  can  supply  a i r   to  each  of  the  r a d i a l l y   mounted 

combustors  18  that   surround  fan  22  and  a l l ow   a  compact  design  of 

combustion  appa ra tus   12.  

The  heated  gases  from  d i l u t i o n   chamber  58  t h e r e a f t e r   are  mixed 

t o g e t h e r   from  the  p l u r a l i t y   of  combustors  18  in  a  hot  plenum 

100  and  t h e r e a f t e r   in  d i f f u s e r   s e c t i o n   14  (Figs  1  and  2 ) .  

The  mixed  hot  gases  are  t h e r e a f t e r   passed  through  heat  exchange r  
16  where  the  heat  is  used  for  v a p o r i z i n g   the  l i qu id   c r y o g e n i c  

s u b s t a n c e .   In  the  heat  exchanger   16,  there  is  a  tube  bundle  102 

having  an  i n l e t   104  and  an  o u t l e t   106  for  r e c e i v i n g   and 

d i s c h a r g i n g ,   r e s p e c t i v e l y ,   l i q u i d   n i t rogen   and  gaseous  n i t r o g e n  
for  var ious   uses.  F i n a l l y ,   the  d i l u t e d   combustion  gases  e x i t  

the  oi l   f i r ed   v a p o r i z e r   10  through  exhaust  plenum  108.  



1.  A  compact  combustion  appa ra tu s   c h a r a c t e r i s e d   in  that   i t  

c o m p r i s e s :  

a  fan  adapted  to  draw  ou t s ide   a i r   into  a  cold  plenum 

chamber;  

a  p l u r a l i t y   of  combustors  a d j a c e n t   said  fan,  each  of  s a i d  

combustors  having  a  c y l i n d r i c a l   outer   s h e l l ,   s u r r o u n d i n g  

a  combustion  chamber,  a  c y l i n d r i c a l   l i n e r   g e n e r a l l y   c o a x i a l  

with  said  outer   s h e l l   and  loca ted   i n t e r n a l l y   t h e r e o f ,  

thereby  forming  an  annula r   passage  between  said  outer   s h e l l  

and  said  l i n e r ;  

said  combustors  f u r t h e r   each  having  (or  d e f i n i n g )   a  p r i m a r y  

combustion  chamber  (or  zone)  wi th in   said  l i n e r   and  a d a p t e d  

to  allow  the  burning  of  a  f u e l , a   secondary  combustion  chamber 

(or  zone)  for  r e c e i v i n g   gases  from  said  pr imary  combus t ion  

chamber  and  a  d i l u t i o n   chamber  (or  zone)  for  r e c e i v i n g   ga se s  

from  said  secondary  combustion  chamber ;  

means  to  in t roduce   a i r   from  said  cold  plenum  chamber  i n t o  

each  of  said  annular   passages   of  each  of  said  combus to r s ;  

means  de f in ing   an  opening  in  each  of  said  l i n e r s   to  a l l o w  

a i r   from  said  annu la r   passage  to  en te r   said  p r i m a r y  

combustion  chamber  and  said  d i l u t i o n   chamber,  said  a i r  



t r a v e l l i n g   in  said  annu la r   passage  to  said  opening  means  i n  

a  d i r e c t i o n   c o u n t e r c u r r e n t   to  the  flow  of  gases  from  s a i d  

primary  combustion  chamber  to  said  d i l u t i o n   chamber .  

2.  A  combustion  appa ra tu s   as  def ined  in  claim  1,  c h a r a c t e r i s e d  

in  tha t   said  combustors   are  r a d i a l l y   o r i e n t e d   about  s a i d  

f a n .  

3.  A  combustion  appa ra tu s   as  claimed  in  claim  1  or  claim  2 ,  

c h a r a c t e r i z e d   in  tha t   said  outer   s h e l l s   and  said  l i n e r s   a r e  

c o n s t r u c t e d   of  s t e e l   of  about  0.050  inch  t h i c k n e s s .  

4.  A  v a p o r i s e r   for  v a p o r i s i n g   c ryogenic   l i qu id   i n c l u d i n g  

combustion  appa ra tu s   as  claimed  in  any  one  of  the  p r e c e d i n g  

c l a i m s .  
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