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t h a t  demand w i l l  exceed l o c a l l y  u t i 1  i s e d  p roduc t i on  by 6,800,000,000,000 cub ic  fee t  
d u r i n g  t h e  year 1980 - (a 18,600,000,000 CFD d e f i c i t )  (Reference - The Economist 
I n t e l l i g e n c e  U n i t  L t d ) .  

Japan s i m i l a r l y  w i l l  have a d e f i c i t  by 1980 f o r  which est imates vary widely .  
Economist I n t e l l i g e n c e  U n i t  f o r e c a s t  t h e  f i g u r e  f o r  t h e  year 1980 as 
600,000,000,000 c u b i c  f e e t  ( I  ,640,000,000 CFD). ' 

Trans-oceanic t r a n s p o r t a t i o n  o f  n a t u r a l  gas i n  the  l i q u i d  form (LNG) from 
c o u n t r i e s  w i t h  su rp lus  supp l i es  has been seen as one means o f  making up these 
d e f  i c i  t s .  

A major problem assoc ia ted  w i t h  the  LNG scheme i s  the p r o v i s i o n  o f  t r a n s p o r t a t i o n  
vessels .  
d e l i v e r y  schedule and t h e i r  c o s t s  a r e  ex t reme ly  h i g h  and s t i l l  e s c a l a t i n g  r a p i d l y .  

An a l t e r n a t i v e  means o f  t r a n s p o r t i n g  " n a t u r a l  gas" i s  now being s tud ied  i n  g r e a t  
d e t a i l .  The idea i s  t o  conver t  t he  n a t u r a l  gas a t  i t s  source t o  f u e l  q u a l i t y  
methanol (or  L i q u i d  Chemical L.C.F) and t o  s h i p  the  methanol i n  convent ional  
tankers f o r  bu rn ing  d i r e c t  as f u e l  a t  t h e  user  l o c a t i o n ,  o r  conver t  t h e  methanol 
t o  SNG ( S u b s t i t u t e  Na tu ra l  Gas) t o  supplement t h e  l o c a l l y  produced n a t u r a l  gas. 

Economic comparisons between the  two schemes have been discussed elsewhere and the  
general o p i n i o n  i s  t h a t  bo th  types o f  p l a n t  w i l l  be b u i l t .  

The p l a n t s  to produce "methanol f u e l "  i n  economic q u a n t i t i e s  w i l l  be f a r  l a r g e r  
than the methanol p l a n t s  now being bui  1 t f o r  "chemical q u a l i t y  methanol". 

The 

Cryogenic tankers a r e  r e q u i r e d  which a t  present  are on a 5 t o  7 year 

LARGE PLANT 

Con t rac to rs  i n  the  process i n d u s t r y  and equipment vendors a re  being c o n t i n u a l l y  
asked t o  supply l a r g e r  p l a n t s  i n  o rde r  t h a t  t h e  chemical producer, r e f i n e r y  
ope ra to r  and fue l  s u p p l i e r ,  can keep pace w i t h  the  eyer  i nc reas ing  demand f o r  more 
and cheaper p roduc t .  Fo r  example, s i n g l e  stream a m n i a  p l a n t s  have increased i n  
s i z e  from I50 TPD o f  ammonia t o  1,500 TPD i n  about one decade. The i n d u s t r y  now 
faces a much l a r g e r  increase i n  the  s i z e  o f  methanol p l a n t s  when the " f u e l  q u a l i t y  
methanol" schemes proceed. 
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In a p e r i o d  f rom 1968 u n t i l  I975 we a r e  expec t i ng  t o  see an increase i n  c a p a c i t y  o f  
a methanol p l a n t  from 150 TPD t o  25,000 TPD. 
p roduc t i on  cos ts ,  t h i s  25,000 TPD p l a n t  should be made up f rom the  minimum number 
o f  s i n g l e  streams. 

I n  o r d e r  t o  achieve t h e  minimum 

PROCESS ROUTE TO METHANOL FUEL 

The n a t u r a l  gas which i s  c u r r e n t l y  be ing  o r  t h a t  w i l l  be f l a r e d  i n  areas such as 
the  Middle East can be conver ted to  methanol by the  f o l l o w i n g  process rou te .  (See 

\ F ig ,  I). 

The process c o n s i s t s  o f  t h ree  b a s i c  s teps: -  

Steam re fo rm ing  o f  desulphur ised n a t u r a l  gas. 
Compression t o ,  and syn thes i s  a t ,  100 atmospheres. 
Dehydrat ion t o  the  requ i red  c a l o r i f i c  va lue q u a l i t y  by  d i s t i l l a t i o n .  

1 Reforming 

I 

Desulphur ised n a t u r a l  gas i s  mixed w i t h  steam, reformed under op t im ised  
c o n d i t i o n s  i n  a t u b u l a r  re fo rmer ,  and then  cooled. 

2 Compression and Synthes is  

Cold synthes is  gas i s  fed  by c e n t r i f u g a l  compression t o  t h e  syn thes i s  loop 
where the  methanol i s  formed. 

Excess hydrogen i s  purged d i r e c t l y  f rom t h e  loop and burned i n  the  re fo rm ing  
furnace, thus  m a i n t a i n i n g  t h e  o v e r a l l  p l a n t  e f f i c i e n c y  a t  a h i g h  l e v e l .  

3 Dehydrat ion 

Separat ion o f  water  and d i sso l ved  gases f rom t h e  L.C.F i s  achieved i n  a 
s imple s ingle-column d i s t i l l a t i o n  system. 

THE STEAM REFORMER I S  THE MAJOR P I E C E  OF EQUIPMENT I N  THE METHANOL PLANT 

The steam reformer i s  t h e  most impor tan t  and expensive s i n g l e  i tem o f  equipment i n  
the methanol p l a n t .  I t  i s  t h e r e f o r e  impor tant  t o  op t im ise  t h e  s i z e  and number o f  
steam reformers r e q u i r e d  t o  produce 25,000 TPD o f  methanol w i t h i n  techn ica l  
l i m i t a t i o n s .  To date,  the  l a r g e s t  steam reformer i s  o p e r a t i n g  i n  a methanol p l a n t  
a t  C lear  Lake Texas (Celenese Chemicals Co) and con ta ins  600 re fo rm ing  tubes. 
Th is  p l a n t  can produce 1,500 TPD o f  methanol by a s i m i l a r  r o u t e  t o  t h a t  descr ibed 
above, o r  1,800 TPD by s l i g h t l y  mod i f i ed  process rou te .  

The f o l l o w i n g  t a b l e  shows t h e  number o f  re fo rm ing  tubes r e q u i r e d  f o r  t he  range of 
methanol p l a n t s  discussed. 

Reformer Tubes (approx) 
Methanol Output TPD 4" 1.D; 40' heated l e n g t h  

150 60 
1,500 600 
5,000 2,000 

25,000 10,000 

1,500 600 
5,000 2,000 

25,000 10,000 
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OPTIMUM PLANT SIZE 

The bas i s  o f  t h i s  paper i s  t h a t  a s i n g l e  stream methanol p l a n t  can be b u i l t  to  
produce 5,000 TPD o f  methanol .  F i v e  such i d e n t i c a l  p l a n t s  w i l l  be requ i red  to 
produce 25,000 TPD. 
approx imate ly  2,000 tubes, which i s  i n  excess o f  t h r e e  t imes t h e  w o r l d ' s  l a r g e s t  
o p e r a t i n g  s i n g l e  stream fu rnace.  

We a r e  thus t a l k i n g  o f  a re fo rm ing  furnace c o n t a i n i n g  

Improvement t o  c a t a l y s t s  and reformer equipment a r e  c o n t i n u a l l y  be ing  impl imented. 
Increases i n  o u t p u t  f rom these improvements a r e  d isregarded i n  t h i s  paper because 
they  a r e  i n s i g n i f i c a n t  w i t h  respect  t o  t h e  magnitude o f  t h e  increase i n  ou tpu t  
requ i red  f o r  the  economic p roduc t i on  o f  L.C.F. 

The reasons f o r  s e l e c t i n g  5,000 TPD methanol p l a n t  a r e  tWo f o l d :  

1 Equipment o t h e r  than the  re fo rmer  i s  proven commercial ly a t  t h i s  s i z i n g .  

L ine i nc reas ing  s i z e  or rerormers ove r  t n e  years p r o j e c t e d  t o  1976 show a 
progress ion t o  approx imate ly  2,000 re fo rm ing  tubes. (F igu re  11). 

Th is  paper con t inues  w i t h  t h e  d e s c r i p t i o n  o f  a s i n g l e  stream 2,000 tube re fo rmer .  

STEAM REFORMER 

A steam reformer c o n t a i n s  a number o f  re fo rm ing  tubes which a r e  b a s i c a l l y  heat 
t r a n s f e r  tubes f i  1 l e d  w i t h  c a t a l y s t .  
a r e  passed through the  tube where they  r e a c t  endothermica l ly .  These tubes a r e  
h e l d  v e r t i c a l l y  i n  a d i r e c t  f i r e d  furnace box. The o u t p u t  o f  t h e  p l a n t  i s  

The process reactants ,  (steam and hydrocarbon) 

dependent on the  f o l l o w i n g :  > 
1 The number o f  tubes. 

2 The phys ica l  d imension o f  t h e  tubes. 

3 The o p e r a t i n g  c o n d i t i o n s .  

4 The ana lys i s  of t h e  t o t a l  f eed  t o  t h e  re fo rmer .  

5 The a c t i v i t y  o f  t h e  c a t a l y s t .  

TUBE DESIGN PARAMETERS 

Some o f  the impor tan t  des ign  parameters o f  t h e  re fo rm ing  tubes and the  l i m i t a t i o n s  
imposed upon them a r e  as fo l l ows :  

Tube Length 

I t  i s  poss ib le  t o  increase the  o u t p u t  o f  a furnace by l eng then ing  a g i ven  number o f  
re former tubes and thereby i nc reas ing  the  volume a v a i l a b l e  f o r  c a t a l y s t .  

Ac tua l  cos ts  prove i t  i s  m r e  economical t o  inc rease t h e  l eng th  o f  a g i ven  number 
o f  tubes than t o  m a i n t a i n  tube dimensions and increase t h e  number o f  tubes. 
B e n e f i t s  from i n c r e a s i n g  t h e  l e n g t h  a r e  a v a i l a b l e  u n t i l  l i m i t e d  by one o f  the  
f o l l o w i n g  f a c t o r s .  
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Pressure Drop through t h e  c a t a l y s t  packed tube. 

I n  o r d e r  t o  l i m i t  t he  pressure drops through t h e  p l a n t  t o  an accep tab le  l e v e l ,  
t h e  maxlmum heated l e n g t h  of a tube, c u r r e n t l y  be ing  considered, i s  50 f e e t  
g i v i n g  a pressure drop through t h e  tube i n  t h e  o r d e r  o f  70 p s i .  

Thermal Expansion. 

As the  reformer tubes opera te  a t  e leva ted  temperatures, . the tubes expand 
when heated from the  ambient to  o p e r a t i n g  temperatures. 
be taken up by the  a d j o i n i n g  pipework,  making i t s  des ign r a t h e r  cumbersome. 

Compression Load a t  e leva ted  temperatures.  

I t  i s  necessary, due t o  t h e  l e n g t h  and r e l a t i v e  smal l  d iameters o f  t he  tubes, 
t o  min imize the  s e l f  weight  compressive load on  t h e  tube. 
p a r t i a l l y  suppor t i ng  t h e  tube a t  t he  t o p  by e i t h e r  counter-weights o r  by 
tens ion ing  spr ings .  
seems t o  be the  optimum. 

Th is  expansion has t o  

T h i s  i s  done by 

Whichever method i s  used, a tube leng th  f rom 40-50 f e e t  

Tube Diameter 

Inc reas ing  t h e  diameter o f  t h e  tube achieves a l a r g e r  volume a v a i l a b l e  f o r  c a t a l y s t  
f o r  a g i ven  number o f  furnace f i t t i n g s ,  as does lengthening t h e  tube. A l though i n  
inc reas ing  t h i s  dimension c o n s i d e r a t i o n  must be g i ven  t o  t h e  f o l l o w i n g :  

a Inc reas ing  the  hoop s t r e s s  i n  t h e  tube. 

T h i s  w i l l  i nc rease t h e  th i ckness  o f  t h e  tube w a l l ,  o f f e r i n g  a h ighe r  
r e s i s t i v i t y  t o  heat t r a n s f e r ,  r e s u l t i n g  i n  h ighe r  tube w a l l  temperatures.  
The h ighe r  tube w a l l  temperature aga in  increases t h e  w a l l  t h i ckness  and 
t h e r e f o r e  an economic optimum diameter must be chosen. 

Decreasing the  tubes '  heat t r a n s f e r  su r face  area f o r  a g iven volume o f  
c a t a l y s t .  

Th i s  increases t h e  tube w a l l  meta l  temperatures and hence t h e  tube w a l l  
th ickness r e s u l t i n g  from t h e  h ighe r  heat  f l u x e s  requ i red  t o  pass t h e  heat o f  
reac t i on .  

b 

c Reduct ion i n  the  gas s i d e  heat  t r a n s f e r  c o e f f i c i e n t .  

Resu l t i ng  again i n  h ighe r  tube w a l l  temperatures and hence t h i c k e r  tube w a l l s .  

The cos t  o f  tube m a t e r i a l  i n  i t s  f a b r i c a t e d  form i s  approx imate ly  $1.25 pe r  
pound weight  (compared w i t h  $0.25 pe r  pound f o r  carbon s t e e l ) ,  t h e  need for 
o p t i m i s a t i o n  then i s  c r i t i c a l  on reformers c o n t a i n i n g  2,000 tubes. 

Tak ing i n t o  account the  above, a l s o  t h e  heat  f l u x  and c a t a l y s t  l oad ing  l i m i t a t i o n s  
imposed by t h e  c a t a l y s t  s u p p l i e r s ,  t h e  economical d iameters f o r  re former tubes 
va ry  between 3f" and 4f" I D  dependent upon o p e r a t i n g  cond i t i ons .  
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Tube P i t c h  

Take one row of tubes f i r s t l y  i t  i s  necessary to  s e l e c t  t h e  tube p i t c h .  
cho ice  i s  governed by mechanical  l i m i t a t i o n s  o f  how c l o s e  toge the r  tubes can be 
p laced and an  economic e v a l u a t i o n  o f  tube w a l l  t h i ckness  a g a i n s t  t h e  p i t c h  se lec ted .  
I n  general  terms, t h e  c l o s e r  the  tubes a r e  toge the r ,  t h e  h o t t e r  t h e  tubes w i l l  b e  
f o r  a g iven s e t  of  o p e r a t i n g  cond i t i ons .  A s  t h e  metal  t h i ckness  o f  t h e  tube i s  
h i g h l y  dependent upon t h e  meta l  temperature o f  t h e  tube an economic tube p i t c h  
i s  essen t ia l  on l a r g e  furnaces.  Tube p i t c h e s  o f  9 t o  1 1  inches a r e  no rma l l y  
chosen a f t e r  economic o p t i m i  s a t  ion .  

T h i s  

Other Va r iab les  

Considerat ion must a l s o  be g i ven  to  c a t a l y s t s  and t h e i r  a c t i v i t y ,  t h e  temperature 
and pressure of  t h e  r e a c t i o n ,  t he  steam t o  hydrocarbon r a t i o ,  o f  t h e  c a t a l y s t s '  
l oad ing :  a l l  of  which can be op t im ised  t o  g i v e  t h e  best p o s s i b l e  ou tpu t  f rom a 
g i ven  number o f  tubes. 

The above c o n s i d e r a t i o n s  leads  t h e  des igner  t o  t h e  dimensions o f  t he  tube and t h e  
p r o x i m i t y  of  t h e  tubes t o  each o t h e r  w i t h i n  a s i n g l e  row. 

TYPE OF FURNACE 

Secondly we must cons ide r  t h e  bas i c  type  o f  furnace which i s  bes t  s u i t e d  t o  l a r g e  
steam re formers .  

Furnaces a re  g e n e r a l l y  c l a s s i f i e d  i n t o  two types :  

i V e r t i c a l l y  f i r e d  m u l t i r o w  furnaces. 

i i  Side f i r e d  furnaces.  

Side F i r e d  

The s i d e - f i r e d  furnace r e l i e s  upon t h e  tube be ing  bounded o n  two s ides  by a 
r e f r a c t o r y  w a l l .  The heat  i s  received by  t h e  tubes f rom t h e  r a d i a t i n g  r e f r a c t o r y  
w a l l .  This,  i n  f a c t ,  l i m i t s  a dimensional  freedom when t r y i n g  to  increase t h e  
s i z e  o f  the furnace. As we have a l ready  discussed, the  heated l e n g t h  o f  a tube i s  
f i x e d  a t  say 401-50' and each tube must be bounded on  two s ides  by a r e f r a c t o r y  
wa l l  : t h i s  leaves j u s t  one dimension f o r  expansion. 

V e r t i c a l l y  F i r e d  Furnaces 

Conversely on  an u p - f i r e d  or  down-f i red furnace t h e  heat t o  the  tubes i s  supp l i ed  
by t h e  r a d i a t i n g  p roduc ts  o f  combustion and n o t  r a d i a t i n g  r e f r a c t o r y .  T h i s  means 
t h a t  we can have n n r e  than one row o f  tubes w i t h i n  the  fu rnace  box. T h i s  then 
a l l ows  f o r  two dimensions o f  freedom. 

S ing le  c e l l  m u l t i - r o w  steam reformer furnaces have been o p e r a t i n g  f o r  many years. 
In f a c t  the m a j o r i t y  o f  re formers o u t s i d e  the  Un i ted  States a r e  o f  t h i s  type. 
The choice between up and down f i r i n g  o f  t h e  mu l t i - row  fu rnace  g e n e r a l l y  breaks i n  
favour  o f  down f i r i n g  when t h e  s i z e  of t h e  furnace and i t s  convect ion s e c t i o n  i s  
l a r g e  enough t o  r e q u i r e  an induced draught  fan t o  ensure good opera t i on .  
breakpoint  i s  g e n e r a l l y  a furnace c o n t a i n i n g  about IO tubes. 

(See F i g u r e  111). 

Th is  
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The fundamental d i f f e r e n c e  between a s i d e - f i r e d  and v e r t i c a l l y  f i r e d  furnace i s  
t h a t  t h e  former requ i res  r e f r a c t o r y  w a l l  t o  e f f e c t  heat supply  to t h e  tubes w h i l s t  
the  l a t t e r  r e l i e s  upon r a d i a n t  heat t r a n s f e r  f rom t h e  combustion gases. 
m u l t i r o w  v e r t i c a l l y  f i r e d  furnaces a r e  cons t ruc ted  w i t h o u t  i n t e r - r o w  r e f r a c t o r y  
w a l l s .  

Thus 

Side F i r e d  o r  Top F i r e d  Furnaces f o r  ve ry  l a r g e  Steam Reformers 

The maximum number o f  tubes than can be s a t i s f a c t o r i l y  conta ined w i t h i n  a s i n g l e  
c e l l  s i d e - f i r e d  furnace i s  approx imate ly  150. T h i s  means about 13 r a d i a n t  boxes 
would be requ i red  t o  produce 5,000 TPD of methanol and 65 boxes t o  produce 25,000 
TPD. 

The l a r g e s t  mu l t i - row  furnace now o p e r a t i n g  con ta ins  600 tubes?: which reduces the  
r a d i a n t  box requirements t o  4 and 16 f o r  t h e  5,000 TPD and 25,000 TPD p l a n t s  
respec t i ve l y .  

Furnaces o f  t h e  m u l t i - r o w  t ype  c o n t a i n i n g  2,000 tubes w i l l  reduce the  r a d i a n t  box 
requirement t o  o n l y  1 and 5 r e s p e c t i v e l y .  

*This 600 tube furnace was designed o n  t h e  Modular concept ( d e t a i l e d  d e s c r i p t i o n  t o  
f o l l o w )  such t h a t  by repea t ing  proven modules any number o f  tubes can be 
accommodated. 

Summary o f  Number o f  Radiant boxes requ i red  by t h e  d i f f e r e n t  furnaces. 

\ 

Number o f  Radiant Boxes. 

Side F i red .  Top F i r e d .  Top F i r e d .  
ou tpu t  150 tubes 600 tubes 2,000 tubes 
(Methanol) pe r  r a d i a n t  box p e r  r a d i a n t  box pe r  r a d i a n t  box 

5,000 TPD 13 4 1 

25,000 TPD 65 16 5 

Th is  t a b l e  shows the  magnitude o f  t h e  va r iance  i n  designs when app l i ed  t o  very  
l a rge  reformed gas requirements.  

The economic and opera t i ona l  advantages o f  s e l e c t i n g  a low number o f  r a d i a n t  boxes 
are  considerable.  Each r a d i a n t  box w i l l  have i t s  own p i p i n g ,  va l v ing ,  
inst rumentat ion,  burners and f l u e  gas exhaust f a n  and a l l  w i l l  r e q u i r e  a t t e n t i o n  
f rom p l a n t  operators .  
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MODULAR FURNACE 

A r a d i a n t  box c o n t a i n i n g  apprax imate ly  2,000 tubes i s  t h e  economic des ign f o r  t h e  
proposed 5,000 TPD methanol p l a n t ,  we now desc r ibe  the  Oavy Powergas Modular 
Steam Reformer. The "MOOULAR" concept  t h a t  a l l o w s  f o r  an almost l i m i t l e s s  
expansion o f  the  reformers.  

Th is  design has been developed o v e r  many years and i s  based upon t h e  exper ience 
gained by ou r  company i n  supp ly ing  o v e r  I70 steam re formers .  

PRIMARY REFORMER (RADIANT SECTION) 

General (See F igu re  IV) 

The modular re former i s  b a s i c a l l y  a box shaped r e f r a c t o r y  l i n e d  chamber, encasing 
the tubes. 
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the feed s tock  header and reformed gas header systems by means o f  smal l  bore tubes 
c a l l e d  p i g  t a i l s .  These p i g  t a i l s  p r o t r u d e  f rom t h e  t o p  and bot tom o f  t h e  furnace 
respec t i ve  1 y . 
The feedstock and steam f l o w  downwards i n s i d e  t h e  c a t a l y s t  f i l l e d  reformer tubes. 
The heat f o r  r e a c t i o n  i s  supp l i ed  by the  p roduc ts  o f  combustion pass ing c o - c u r r e n t l y  
down the  furnace o u t s i d e  the  tubes. 

The f l u e  gases from t h e  furnace f l o w  i n t o  f l u e  gas c o f f i n s  o r  chambers o f  
f i r e b r i c k  c o n s t r u c t i o n  which run  t h e  e n t i r e  w i d t h  o f  t h e  furnace. These a re  
s i t u a t e d  between the  rows o f  tubes. The openings or p o r t s  i n  these c o f f i n s  o f f e r  
a res i s tance  t o  f l o w  which ensures even d i s t r i b u t i o n  o f  t h e  f l u e  gases w i t h i n  the  
furnace box. 

The f l u e  gas c o f f i n s  empty i n t o  a r e f r a c t o r y  l i n e d  c o l l e c t i n g  duc t  which i s  
loca ted  a long t h e  e n t i r e  l eng th  o f  t h e  furnace. 
t o  t h e  Convection sec t i on .  

T h i s  d u c t  t r a n s f e r s  t h e  f l u e  gases 
See F i g u r e  I V .  

MODULAR CONCEPT 

The MODULAR concept e n t a i l s  t he  d e t a i l e d  des ign o f  a standard module o r  s e c t i o n  o f  
the  steam reformer which i s  repeated u n t i l  t h e  reformer i s  o f  t h e  r e q u i r e d  s i ze .  
The module c o n s i s t s  o f  2 rows o f  re fo rm ing  tubes and t h e i r  assoc iated burners.  
I t  can con ta in  up t o  74 tubes and i s  designed such t h a t  i t  may be repeated w i th  
respec t  t o  process, mechanical ,  and s t r u c t u r a l  cons iderat ions.  It i s  t h e  pr ime 
requirement o f  t h e  concept t h a t  e x t r a p o l a t i o n  o f  t h e  b a s i c  des ign i s  e l im ina ted .  

Reformer Tube 

The reformer tubes packed w i t h  c a t a l y s t  a r e  s imp ly  guided and p a r t  supported 
on s t e e l  work below t h e  furnace h e a r t h  p l a t e .  

The tubes a r e  g e n e r a l l y  c e n t r i f u g a l l y  c a s t  25% Cr - 20% N i  - 0.4% Carbon a l l o y  
s t e e l .  24% Cr - 24% N I  1.5% Niobuim s t e e l  which has a h igher  s t r e s s  va l ve  may 
be used i n  p lace  o f  t h e  above m a t e r i a l  b u t  t h e  economics must be c a l c u l a t e d  on  a 
case by case bas is .  
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Burners 

The burners a r e  arranged i n  rows on  each s i d e  o f  t he  tube l i n e s  and a r e  f i r e d  
v e r t i c a l l y  downwards. 
gaseous f u e l s  o r  combinat ions o f  both.  
( e i t h e r  ambient o r  heated) i s  used. 
designed t o  be s e l f  i n s p i r a t i n g .  

I n l e t  and O u t l e t  Header System 

The i n l e t  and o u t l e t  header systems c o n s i s t  o f  a number o f  subheaders arranged 
symmetr ica l ly  about the  furnace and these headers a r e  connected t o  t h e  tubes by 
i n l e t  and o u t l e t  p i g t a i l s .  

Each i n l e t  header i s  connected t o  one row o f  tubes by smal l  bore  p ipes  c a l l e d  p i g  
t a i l s .  These p i g t a i l s  a r e  designed t o  absorb, t h e  h o r i z o n t a l  expansion o f  the  

- 
I 

The burners can be designed t o  f i r e  e i t h e r  l i q u i d ,  o r  
Normal ly f o rced  draught combust ion a i r  

W i th  gaseous f u e l s  t h e  burners can be 

1 

I 

I headers, the  v e r t i c a l  expansion o f  re former tubes and s e l f  expansion. These smal l  , bore p ipes  a l s o  a s s i s t  even feedstock d i s t r i b u t i o n  to a l l  re former tubes by 
hav ing a s i g n i f i c a n t  p ressu re  d rop  through them. 

Each o u t l e t  header i s  connected to  two rows o f  tubes by smal l  bore  tubes c a l l e d  
o u t l e t  p i g t a i l s  made f rom 32% N i  - 20% C r  ( A l l o y  800). 
designed t o  accommodate b o t h  v e r t i c a l  and h o r i z o n t a l  expansions o f  o u t l e t  headers 
and s e l f  expansion o f  t h e  p i g t a i l .  

The reac tan ts  o u t l e t  sub-headers a r e  f a b r i c a t e d  f rom 32% N i  - 20% C r  m a t e r i a l .  
Each subheader has a c e n t r a l  t e e  connect ion and t r a n s i t i o n  p i e c e  t o  t h e  
r e f r a c t o r y  l i n e d  main which t r a n s f e r s  the  product  t o  t h e  next process u n i t  
downstream o f  the reformer.  

I 

These p i g t a i l s  a r e  

CONVECTION SECTIONS FOR LARGE REFORMERS 

With inc reas ing  c a p a c i t i e s  o f  re fo rm ing  furnaces t h e  convect ion s e c t i o n  d u t i e s  
have increased p r o p o r t i o n a t e l y .  The steam genera t i on  on  a 5,000 Te/day Methanol 
p l a n t  can be as much as 1,500,000 Ib /hour .  

Dur ing the  l a s t  decade, maximum steam pressures o n  re fo rm ing  p l a n t s  have 
increased from 400 t o  1500 p s i g .  Due t o  the  above f a c t o r s ,  convect ion sec t i ons  
have changed and a r e  now i n  des ign s i m i l a r  t o  convent ional  type  o f  power s t a t i o n  
b o i l e r  p l a n t .  

Convection sec t i ons  must be "purpose" designed to  meet t h e  i n d i v i d u a l  mechanical 
requirements and o p e r a t i o n a l  f l e x i b i l i t y  o f  t h e  i n d i v i d u a l  p l a n t .  

I n  determin ing the  performances o f  convect ion sec t i ons  t h e  f o l l o w i n g  f a c t o r s  must 
be considered. 

i Thermal Design 

Cor rec t  thermal des ign i s  most important,  o p e r a t i o n a l  problems a r e  
encountered w i t h  ove rsu r fac ing  w h i l e  undersu r fac ing  means a l a c k  o f  
performance. 
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i i  C a v i t y  Rad ia t i on  

Cav i t y  Rad ia t i on  e m i t t e d  by the  furnace r e f r a c t o r y  and the  f l u e  gases 
coming f rom the r a d i a n t  box a r e  d i r e c t e d  a t  t he  f l r s t  heat t r a n s f e r  u n i t  
i n  the convec t i on  sec t i on .  
temperature and the volume o f  the  c a v i t y  upstream o f  t h e  f i r s t  u n i t ,  bu t  
i s  independent o f  t h e  ou tpu t  o f  t h e  p l a n t .  
convect ion u n i t s  w i t h  va ry ing  o p e r a t i n g  d u t i e s  from t h i s  constant  source o f  
c a v i t y  r a d i a t i o n .  

I f  the f i r s t  u n i t  i n  the convec t i on  s e c t i o n  was a process steam superheater,  
t h i s  u n i t  would have a v a r y i n g  heat  load dependant upon the  process 
requirement.  When t h e  p l a n t  i s  o p e r a t i n g  a t  reduced loads o r  a p l a n t  
s t a r t - u p  i t  would be subjected t o  the  f u l l  r a d i a t i o n  causing h i g h  metal 
temperatures. 
o f  the u n i t  which increases t h e  cos t  and may in t roduce  m e t a l l u r g i c a l  
problems n o t  exper ienced w i t h  the  lower temperatures and a l l o y s .  

Radiant Sh ie ld  Water Tube B o i l e r s  a r e  t h e r e f o r e  i n s t a l l e d  t o  absorb c a v i t y  
r a d i a t i o n ,  and t h e i r  purpose i s :  

a To absorb h i g h  r a d i a n t  loads p r o v i d i n g  the  f l e x i b i l i t y  t o  i nc lude  
a u x i l i a r y  f i r i n g  w i t h i n  t h e  furnace c o l l e c t i n g  duc t .  T h i s  i s  
sometimes necessary f o r  steam r a i s i n g  and/or process c o n t r o l .  

T h i s  r a d i a t i o n  i s  dependant upon t h e  f l u e  gas 

I t  i s  then necessary t o  safeguard 

T h i s  r e s u l t s  i n  t h e  cho ice  o f  h igher  a l l o y  f o r  t h e  f a b r i c a t i o n  

b P r o t e c t i o n  o f  downstream u n i t s .  

i i i  F lue  Gas D i s t r i b u t i o n  

Natura l  draught furnaces have known problems o f  gas d i s t r i b u t i o n  i n  furnace 
"br idg ing"  sec t i ons  due t o  r e l a t i v e  low gas v e l o c i t i e s .  Wi th  t h e  MODULAR 
furnaces induced draught  i s  prov ided,  g i v i n g  h igher  gas v e l o c i t i e s  which 
o f f e r  i dea l  gas d i s t r i b u t i o n  and the  e l i m i n a t i o n  o f  unbalanced gas 
temperature streams. 

i v  

V 

Induced Draught 

Higher r a t e s  of heat  t r a n s f e r  a r e  achieved w i t h  an induced draught system 
o f f e r i n g  m r e  compact designs. 
rad ian t  box dimensions, and can be designed t o  s u i t  t h e  i n d i v i d u a l  p l a n t  
requirements. 

I n  the Modular f u rnace  waste gases a r e  c o l l e c t e d  i n  a separate duct ,  elsewhere 
and the convec t i on  s e c t i o n  i s  independent o f  main p o i n t .  

Convect ion sec t i ons  need n o t  conform t o  the 

Compact Tube Banks 

Economic use o f  tube c o n f i g u r a t i o n s  and pressure drop evens o u t  i r r e g u l a r  
f l o w  pa t te rns  o r  i r r e g u l a r  f i r i n g  o f  a u x i l i a r y  burners i n  modular furnace 
c o l l e c t i n g  duc t .  

T h i s  i s  a p a r t i c u l a r  problem area i n  s i d e - f i r e d  furnaces. Normal ly  t h e i r  
design c o n s t r a i n t s  r e s u l t  i n  t h e  supply o f  u n i t s  t h a t  a r e  both' long and narrow, 
and have l a r g e  bore heat  t r a n s f e r  t u b i n g  which can g i v e  m a l d i s t r i b u t i o n  o f  
f l u e  gases and uneven meta l  temperatures.  
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v i  C i r c u l a t i o n  

I 

B o i l e r  Water c i r c u l a t i o n  i s  a most impor tant  f a c t o r .  
b o i l e r  systems can be a t t r i b u t e d  i n  one form o r  o t h e r  t o  c i r c u l a t i o n  
problems eg: 

a Pump f a i l u r e  i n  fo rced  c i r c u l a t i o n  systems. 

b Dry-out caused by water loss. 

c I n t e r f e r e n c e  w i t h  c i r c u l a t i o n  by ext raneous ma t te r .  

d 

U s u a l l y  f a i l u r e s  o f  

Water chemist ry  causing b u i l d  up o f  depos i t s ,  o r  c o r r o s i o n  i n  h i g h  
f l u x  zones w i t h  subsequent f a i l u r e s .  

C i r c u l a t i o n  can be e i t h e r  Na tu ra l  o r  Forced. 

Natura l  C i r c u l a t i o n  Systems a r e  p r e f e r r e d  as they  do n o t  r e q u i r e  any 
"prime movers", c i r c u l a t i o n  i s  mainta ined by t h e  "thermodynamics" o f  t h e  
system. Higher c i r c u l a t i o n  r a t e s  e x i s t  w i t h  Natura l  C i r c u l a t i o n  Systems 
than w i t h  Forced c i r c u l a t i o n  Systems. 

With modular designed furnaces,  t he  n a t u r a l  c i r c u l a t i o n  systems i s  always 
o f f e r e d .  

v i  i M a t e r i a l s  

Care fu l  s e l e c t i o n  o f  m a t e r i a l s  t o  c a t e r  f o r  a l l  c o n d i t i o n s  o f  o p e r a t i o n  
and s t a r t  up d u t i e s .  As s t a t e d  i n  t h i s  t e x t  t h e  des ign o f  t h e  Modular 
furnaces convect ion s e c t i o n  a s s i s t  i n  reducing t h e  s e r v e r i t y  o f  t h e  v a r i o u s  
o p e r a t i n g  c o n d i t i o n s  and makes f o r  s a f e r  designed u n i t s .  

v i  i i Steam Drums 

I X  

X 

Steam drums must be adequate ly  s ized ,  n o t  o n l y  t o  p r o v i d e  steam of h i g h  
q u a l i t y  demanded by modern chemical p l a n t ,  but ,  a l s o  t o  p rov ide  a s u f f i c i e n t  
reserve  o f  water "ho ld  up" t o  ma in ta in  c i r c u l a t i o n  t o  " rad ian t "  steam 
generators  d u r i n g  emergency c o n d i t i o n s .  

A i r  Preheat 

Combustion a i r  preheaters  improve the  o v e r a l l  e f f i c i e n c y  o f  t h e  u n i t s ,  and 
these a r e  becoming i n c r e a s i n g l y  impor tant  as f u e l  p r i c e s  con t inue  t o  r i s e .  
For l a r g e  re fo rm ing  furnaces, r o t a r y  regenera t i ve  a i r h e a t e r s  a r e  economical ly  
more a t t r a c t i v e  than t h e  convent ional  s h e l l  and tube types. 

F l e x i b i l i t y  o f  Operat ion & Con t ro l  

Con t ro l l ed  supplementary f i r i n g  i n  furnace c o l l e c t i n g  duc ts  can be 
incorporated t o  produce a d d i t i o n a l  steam which may be r e q u i r e d  to  o b t a i n  t h e  
optimum steam/power balance. 
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The c o n t r o l  o f  steam superheat i s  by adjustments o f  f l r i n g  r a t e s  and/or t h e  
use o f  spray  water a t tempera tors  a t  an i n t e r m e d i a t e  stage i n  t h e  steam 
superheater.  

The f a c i l i t y  f o r  bypassing f l u e  gases around heat t r a n s f e r  u n i t s  i s  
incorpora ted  i n  t h e  des ign  . 
Fur ther  supplementary f i r i n g  a t  in te rmed ia te  p o i n t s  i n  recovery duc t  i s  a 
f u r t h e r  method o f  c o n t r o l  which i s  sometimes incorpora ted .  

Manufacture 

Where p o s s i b l e ,  u n i t s  should be designed t o  min imise  f i e l d  e r e c t i o n .  
manufacture more s t r i n g e n t  c o n t r o l  can be a p p l i e d  t o  m a t e r i a l  i d e n t i f i c a t i o n ,  
workmanship, i n s p e c t i o n  and non-des t ruc t ive  t e s t i n g .  F i e l d  e r e c t i o n  c o s t s  a r e  
u s u a l l y  more expensive than "shop" charges. 

STRUCTURAL DESIGN OF LARGE STEAM REFORMING FURNACES 

Radiant Sect ion 

The s t r u c t u r e  fo rming  t h e  r a d i a n t  s e c t i o n  o f  t h e  Modular Reforming Furnace can be 
considered i o  t h r e e  separa te  p a r t s  :- 

1 

Dur ing  shop 

Top Housing - s u p p o r t i n g  and p r o v i d i n g  weather p r o t e c t i o n  t o  t h e  process 
pipework the  burners  and t o  t h e  suspended r e f r a c t o r y  b r ickwork .  

2 Casing - suppor t ing  t h e  r e f r a c t o r y  b r ickwork ,  burners  and re fo rming  tubes, 
and p r o v i d i n g  weather p r o t e c t i o n  t o  t h e  br ickwork  fo rming  t h e  w a l l s .  

3 Sub-frame - s u p p o r t i n g  t h e  cas ing  and p r o v i d i n g  a r i g i d  " tab le"  over which 
t h e  casing i s  f r e e  t o  t h e r f i a l t y  expand. T h i s  thermal expansion takes p lace  
r a d i a l l y  from an anchor p o i n t  and movement i s  guided on t h e  rec tangu lar  
axes o f  t h e  furnace. 

A l l  t h e  design methods and f a b r i c a t i o n  techniques used f o r  t h e  s t r u c t u r a l  
s tee lwork  of the  r a d i a n t  s e c t i o n  a r e  as s p e c i f i e d  i n  standard s t r u c t u r a l  codes. 

I n  accordance w i t h  t h e  modular concept t h e  major p a r t  o f  t h e  s t r u c t u r a l  s tee lwork  o f  
the r a d i a n t  s e c t i o n  i s  formed by assembling a s e r i e s  o f  standard designed and shop 
f a b r i c a t e d  u n i t s .  Inc luded i n  t h i s  ca tegory  a r e  a l l  h e a r t h  frames, s ide  and end 
casing panels,  i n t e r m e d i a t e  columns, beams suppor t ing  t h e  suspended r e f r a c t o r y  roof 
and t h e  t o p  housing members. By u s i n g  s tandard ised u n i t s ,  f a b r i c a t i o n  t ime and 
e r e c t i o n  per iods  a r e  minimised and t h e  p o s s i b i l i t y  o f  f a b r i c a t i o n  e r r o r s  reduced. 

The maximum s i z e  o f  t h e  r a d i a n t  s e c t i o n  i s  n o t  governed by s tee lwork  design, 
cons idera t ions .  The modular concept has e l i m i n a t e d  almost a l l  t h e  s t r u c t u r a l  
design problems which a r e  encountered i n  des ign ing  l a r g e  convent ional  furnaces. 

Convect i o n  Sect ion 

The s t r u c t u r a l  s tee lwork  o f  the  convec t ion  s e c t i o n  duc t  i s  o f  s i m i l a r  c o n s t r u c t i o n  
t o  t h a t  o f  the  r a d i a n t  s e c t i o n  a l though i t  i s  purpose designed. P r e f a b r i c a t i o n  i s  
maximised to  reduce t h e  e r e c t i o n  p e r i o d .  

4 
i 

I 
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When des ign ing  the  s t r u c t u r a l  s tee lwork  arrangement f o r  t h e  duc t ,  c o n s i d e r a t i o n  i s  
g i ven  t o  t h e  i n i t i a l  i n s t a l l a t i o n  o f  b o i l e r  and superheater u n i t s ;  a l s o  t o  t h e i r  
removal and replacement should the re  be a f a i l u r e  d u r l n g  opera t i on .  

Sect ions o f  s tee lwork a r e  p rov lded  which can be e a s i l y  removed, no rma l l y  complete 
w i t h  the  r e f r a c t o r y  i n s u l a t i o n .  

As w i t h  the  rad ian t  sec t i on ,  thermal expansion o f  t h e  s tee lwork o f  t he  duc t  i s  
catered f o r  by the  p r o v i s i o n  o f  expansion j o i n t s  a t  s t r a t e g i c  p laces and PTFE 
s l i d i n g  bear ings i n  the case o f  a h o r i z o n t a l  duc t .  Spr ing suspension systems a r e  
i n s t a l l e d  where the  convect ion s e c t i o n  i s  a v e r t i c a l  duc t .  

\ 

Conclusion 

The energy shortage i n  c e r t a i n  areas o f  t h e  w o r l d  i s  l ead ing  t h e  s u p p l i e r s  t o  
i n v e s t i g a t e  va r ious  methods o f  t r a n s p o r t i n g  t h e  r e a d i l y  a v a i l a b l e  n a t u r a l  gas f rom 
areas such as the  M idd le  East t o  these areas i n  need o f  energy. 

One method t h a t  i s  ga in ing  i n t e r e s t  and support  i s  t o  produce and t r a n s p o r t  " f ue l  
qual  i t y  methanol". 

Economic s tud ies  i n d i c a t e  t h a t  5,000 TPD methanol p l a n t s  a r e  t h e  optimum s i ze .  
The c r i t i c a l  i t em i n  these p l a n t s  i s  t he  steam reformer and t h i s  paper d iscusses the  
va r ious  types o f  re former a v a i l a b l e .  
u n s a t i s f a c t o r y  f o r  t h i s  du ty  due t o  t h e i r  bas i c  des ign  p r e c l u d i n g  t h i s  t ype  o f  
furnace from increas ing  i n  phys i ca l  s i z e .  

The v e r t i c a l l y  f i r e d  modular t y p e  furnace as developed by Davy Powergas, has t h e  
des ign c a p a b i l i t y  t o  inc rease i n  s i z e .  The wor lds  l a r g e s t  furnace i s  
designed t o  t h i s  concept,  and f rom the  design, e r e c t i o n  and o p e r a t i n g  exper ience 
gained from t h i s  furnace we descr ibe a steam reformer s a t i s f a c t o r y  i n  a l l  aspects  
t o  meet the  new requirements i n  t h e  p roduc t i on  o f  f u e l  q u a l i t y  methanol. 

Side f i r e d  furnaces a r e  considered 
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PLAN V I E W  OF SJDE FIRED FURNACES 
SHOWING N E E D  FOR 2 REFRACTORY SIDE WALLS 
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