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@>  Control  procedure  for  a  boiler  plant  operating  on  solid  fuel,  and  corresponding  control  apparatus. 

57  The  invention  concerns  a  procedure  for  controlling  the 
combustion  process  in  a  boiler  plant  operating  on  solid  fuel, 
and  a  corresponding  control  apparatus.  In  the  procedure,  the 
excess  air  quantity  is  optimized  on  the  basis  of  temperature 
measurement  results,  corresponding  to  various  settings  of  the 
secondary  air  hatch,  obtained  from  one  temperature  sensor 
(29)  in  the  flue  gas  passage  (24).  By  the  procedure  is  found  the 
setting  of  the  secondary  air  hatch  consistent  with  maximum 
flue  gas  temperature.  The  control  apparatus  comprises  one 
single  temperature  sensor  (29),  placed  in  the  flue  gas  passage 
(24)  and  a  calculating  unit,  preferably  a  microcomputer.  The 
apparatus  also  comprises  a  throttling  damper  (28)  disposed  in 
the  flue  gas  passage  (24),  a  primary  air  hatch,  and  a  secondary 
air  hatch  to  which  the  microcomputer  with  the  aid  of  its  optima- 
tion  programme  imparts  the  setting  consistent  with  maximum 
flue  gas  temperature  and  optimum  air  excess. 



The  p r e s e n t '  i n v e n t i o n   c o n c e r n s   a  p r o c e d u r e   fo r   c o n t r o l l i n g   the  com-  
b u s t i o n   p r o c e s s   in  a  b o i l e r   p l a n t   o p e r a t i n g   on  s o l i d   f u e l ,   in  s a i d  

p r o c e d u r e   the  s o l i d   f ue l   b e i n g   c o n v e r t e d   i n t o   c o m b u s t i b l e   g a s e s   a n d  

the   amount  of  s e c o n d a r y   a i r   s u p p l i e d   to  the  c o m b u s t i b l e   g a s e s   f o r  

t h e i r   c o m b u s t i o n   b e i n g   r e g u l a t e d   by  c o n t r o l l i n g   a  s e c o n d a r y   a i r  

c o n t r o l   member .  

At  p r e s e n t ,   c o n t r o l   of  the   c o m b u s t i o n   p r o c e s s   in  h e a t i n g   b o i l e r s  

has  been  by  c o n t i n u o u s l y   m e a s u r i n g   the  oxygen  and  c a r b o n   d i o x i d e  

c o n t e n t   of  the  f l u e   gas  and  p e r f o r m i n g   the  c o n t r o l   on  the  b a s i s   o f  

t h i s   d i r e c t   m e a s u r e m e n t ,   by  c o n t r o l l i n g   the  s e c o n d a r y   a i r .   S u c h  

c o n t r o l   has  a l s o   been  common  in  which  the   p r i m a r y   and  s e c o n d a r y   a i r  

q u a n t i t i e s   are  s e t   to  have  c o n s t a n t   v a l u e s   fo r   each   g i v e n   r a t e   o f  

power  o u t p u t .   In  t h a t   i n s t a n c e ,   the   s e t t i n g s   of  the   p r i m a r y   a n d  

s e c o n d a r y   a i r   dampers   have  been  found  by  e s t i m a t i n g ,   in  v a r i o u s  

ways,   the   g o o d n e s s   of  c o m b u s t i o n .  

It   is  e s s e n t i a l   wi th   a  view  to  c o m b u s t i o n   t h a t   the   e x c e s s   a i r   q u a n -  
t i t y   is  at  i t s   op t imum.   If  t o o  m u c h   s e c o n d a r y   a i r   is  s u p p l i e d ,   t h e  

f u e l   in  the  c o m b u s t i o n   volume  does   not  need  a l l   the  oxygen  a v a i l -  
a b l e   in  o r d e r   to  burn  c o m p l e t e l y .   This   e x c e s s   oxygen ,   and  the  c o r -  

r e s p o n d i n g   p r o p o r t i o n   of  the   a i r ,   is  however   h e a t e d   to  the   s ame  

t e m p e r a t u r e   as  the   c o m b u s t i o n   g a s e s ,   t h u s   b i n d i n g   t h e r m a l   e n e r g y  
and  t h e r e f o r e   c o o l i n g   the  f l u e   gas .   An  i n a d e q u a t e   s e c o n d a r y   a i r  

q u a n t i t y   is  not  enough  to  burn  a l l   the  g a s e s   f i t   to  be  b u r n e d ,  

whereby   c a rbon   m o n o x i d e ,   in  p a r t i c u l a r ,   g a i n s   a c c e s s   to  the  b o i l -  

e r ' s   c o n v e c t i o n   p a r t s   w i t h o u t   b e i n g   o x i d i z e d .   This   c h e m i c a l l y   b o u n d  

e n e r g y   e s c p a e s   from  the  c o m b u s t i o n   p r o c e s s ,   and  the   f l u e   gas  w i l l  
not  be  h e a t e d   up  to  the  t h e o r e t i c a l   maximum.  The  maximum  v a l u e   o f  
the   f l u e   gas  t e m p e r a t u r e   y i e l d s   the  b e s t   r e s u l t   of  c o m b u s t i o n .  

As  m e n t i o n e d   a l r e a d y ,   in  d e s i g n s   c o n s i s t e n t   wi th   the  s t a t e   of  a r t  



have  been  known  v a r i o u s   c o m b u s t i o n   p r o c e s s   c o n t r o l s   b a s e d   on  m e a s -  

u r e m e n t s .   Through  the  F i n n i s h   p a t e n t   a p p l i c a t i o n   No.  822332  i s  

known  a  c o n t r o l   p r o c e d u r e   and  a p p a r a t u s   fo r   powdery  f u e l ,   or  f o r  

d u s t  f i r i n g .   In  the  f i r e b o x   has  been  d i s p o s e d   an  o p t i c a l   f l a m e  

m o n i t o r i n g   means,   which  is  s u s c e p t i b l e   to  soo t   d e p o s i t i o n .   The  

p r o c e d u r e   t a u g h t   by  s a id   a p p l i c a t i o n   i n t e r f e r e s   with  the  c o m b u s t i o n  

p r o c e s s   a l m o s t   c o n t i u n u o u s l y   (at   0 .5   to  2  second   i n t e r v a l s )   and,  on 

t h i s   a c c o u n t   as  w e l l ,   i t   is  t h e r e f o r e   not  a p p r o p r i a t e ,   p a r t i c u l a r l y  

not  for   s o l i d   f u e l s   nor  for   s o - c a l l e d   g r a t e   b u r n i n g .  

Through  the  German  a p p l i c a t i o n   p r i n t   N o .  2   756  284  is  known  a  

sy s t em  which  is  i n t e n d e d   fo r   b u r n i n g   g a s e o u s   f u e l .   The  f u e l / c o m -  

b u s t i o n   a i r   r a t i o   is  d e t e r m i n e d   in  a  s e p a r a t e   c o n t r o l   b u r n e r .   I n  

s a i d   s y s t e m ,   a  t e m p e r a t u r e   s e n s o r   has  to  be  mounted  in,  or  c l o s e  

to,   the   f l a m e .  

Through  the  German  a p p l i c a t i o n   p r i n t   No .  3   224  500  is  known  a  m e a s -  

u r i n g   i n s t r u m e n t   which ,   a d m i t t e d l y ,   m e a s u r e s   the  f l u e   gas  t e m p e r a -  

t u r e   but  which  f a i l s   to  app ly   i t s   f i n d i n g s   in  any  kind  of  c o n t r o l .  

The  a p p a r a t u s   g i v e s   n o t i c e   when  the  f l ame   is  too  dark  or  when  t h e  

f l u e   gas  is  too  ho t ,   i . e . ,   when  the  b o i l e r  i s   b e i n g   run  wi th   e x c e s -  

s i v e   power  o u t p u t   in  r e l a t i o n   to  the  momentary   c o n d i t i o n   of  t h e  

b o i l e r .  

In  the  German  a p p l i c a t i o n   p r i n t  N o .  3   330  990  is  d i s c l o s e d   a  p r o c e -  
dure   in  which  s e v e r a l   s e p a r a t e   b o i l e r s   are   so  c o n t r o l l e d   t h a t   t h e  

g e n e r a t i o n   of  hea t   e q u a l s   i t s   c o n s u m p t i o n .  T h r o u g h   t h i s   r e f e r e n c e  

is  known  the  d i m e n s i o n i n g   of  t h e s e   b o i l e r s   and  the  c o n t r o l ,   i n  

a c c o r d a n c e   wi th   load  v a r i a t i o n ,   of  i g n i t i n g  a n d   e x t i n g u i s h i n g   t h e  

b u r n e r s   in  t h e s e   b o i l e r s .  

Through  the  U.S.  P a t e n t   No.  4 , 3 7 5 , 9 5 0   is  known  a  s y s t e m   which  i s  

i n t e n d e d   to  be  used  in  c o n t r o l l i n g   the  b u r n i n g   of  l i q u i d   and  g a s e -  
ous  f u e l s .   The  sy s t em  r e q u i r e s   t e m p e r a t u r e   s e n s o r s   both   in  t h e  

f i r e b o x   and  in  the  f l u e   d u c t .   The  a p p a r a t u s   is  not  a p p l i c a b l e   when 

b u r n i n g   s o l i d   f u e l s   b e c a u s e   the  c o n t r o l l e r   r e s p o n d s   to  d i s t u r b a n c e s  

of  c o m b u s t i o n   i n d e p e n d e n t   of  w h e t h e r   the  d i s t u r b a n c e   is  a  p r o l o n g e d  

c h a n g e ,   e . g .   of  the   f u e l ' s   m o i s t u r e   c o n t e n t ,   or  for   i n s t a n c e   a  



t e m p o r a r y   d i s t u r b a n c e   in  the  f u e l   s u p p l y .   The  c o r r e c t i o n   a p p l i e d   on 

o b s e r v i n g   a  d i s t u r b a n c e   of  s h o r t   d u r a t i o n   in  the  c o m b u s t i o n   c a u s e s  

d i s t u r b a n c e s   even  a f t e r   the   t ime  at  which  the  o r i g i n a l   d i s t u r b a n c e  

would  have  been  amended  w i t h o u t   any  a i d .   In  the  r e f e r e n c e ,   t h e  

r e a c t i o n   of  the   sys tem  to  load  c h a n g e s   (to  c h a n g e s   o c c u r r i n g   in  t h e  

f u e l   s u p p l y )   is  s l u g g i s h :   the   a i r   q u a n t i t y   does  not  c h a n g e   u n t i l  

t h e r e   has  been  a  change   in  f u e l   s u p p l y .   As  a  c o n s e q u e n c e ,   a  c o n -  

t r o l l e r   l i k e   t h i s   sys t em  is  c o n s t a n t l y   o f f s e t   from  the   c o r r e c t   c o n -  

t r o l   v a l u e   by  a  c e r t a i n   d e l a y .  

The  o b j e c t   of  the  i n v e n t i o n   is  to  a c h i e v e   an  i m p r o v e m e n t   of  p r e s -  

e n t l y   known  c o n t r o l   p r o c e d u r e s   for   a  b o i l e r   p l a n t   o p e r a t i n g   on 

s o l i d   f u e l .   The  more  d e t a i l e d   aim  of  the  i n v e n t i o n   is  to  p r o v i d e   a  

c o n t r o l   p r o c e d u r e   which  e n a b l e s   optimum  c o m b u s t i o n   and  b e t t e r   e f f i -  

c i e n c y   to  be  a c h i e v e d .   The  o t h e r   aims  of  the  p r o c e d u r e   of  t h e  

i n v e n t i o n ,   and  the  a d v a n t a g e s   g a i n a b l e   wi th   i t s   a i d ,   w i l l   b e c o m e  

a p p a r e n t   in  the  d i s c l o s u r e   of  the   i n v e n t i o n .  

The  aims  of  the  i n v e n t i o n   a re   a c h i e v e d   wi th   a  c o n t r o l   p r o c e d u r e   f o r  

a  b o i l e r   o p e r a t i n g   on  s o l i d   f u e l   which  is  m a i n l y   c h a r a c t e r i z e d   i n  

t h a t   the   c o m b u s t i o n   a i r   q u a n t i t y   is  o p t i m i z e d   in  t h a t   wi th   a  t e m -  

p e r a t u r e   s e n s o r   in  the  f l u e   gas  p a s s a g e   is  m e a s u r e d   the   f l u e   g a s  

t e m p e r a t u r e   at  d i f f e r e n t   s e t t i n g s   of  the   s e c o n d a r y   a i r   c o n t r o l  

member,   and  a  m a t h e m a t i c a l   f u n c t i o n   is  c o n s t r u c t e d   which  a p p r o x i -  
ma te s   the  se t   o f  s e c o n d a r y   a i r   c o n t r o l   member  s e t t i n g   vs.  t e m p e r a -  

t u r e   p l o t s ,   the   maximum  f l u e   gas  t e m p e r a t u r e   b e i n g   s o l v e d   t h e r e -  

f rom,   c o r r e s p o n d i n g   to  t h i s   f u n c t o n ' s   maximum,  and  the   s e t t i n g   o f  

the   s e c o n d a r y   a i r   c o n t r o l   member  is  changed   to  be  c o n s i s t e n t   w i t h  

s a i d   s e t t i n g   of  the  s e c o n d a r y   a i r   c o n t r o l   member,  o b t a i n e d   as  a  

r e s u l t   of  o p t i m i z i n g .  

The  o t h e r   i m p o r t a n t   c h a r a c t e r i s t i c   f e a t u r e s   of  the   c o n t r o l   p r o c e -  
dure   of  the  i n v e n t i o n   a re   s t a t e d   in  c l a i m s   2  to  7 .  

It  i s  a l s o   an  o b j e c t   of  the   i n v e n t i o n   to  p r o v i d e   a  c o n t r o l   a p p a r a -  
tus   fo r   c o n t r o l l i n g   the  c o m b u s t i o n   p r o c e s s   in  a  b o i l e r   p l a n t   o p e r -  
a t i n g   on  s o l i d   f u e l .   The  c o n t r o l   a p p a r a t u s   of  the   i n v e n t i o n   i s  

m a i n l y   c h a r a c t e r i z e d   in  t h a t   the   c o n t r o l   a p p a r a t u s   c o m p r i s e s   a  



c a l c u l a t o r   u n i t   i n c o r p o r a t i n g   an  o p t i m a t i o n   p rogramme,   and  a  s e c -  

onda ry   a i r   c o n t r o l   member  c o n t r o l l a b l e   wi th   the  a id   of  s e t - p o i n t  

v a l u e s   d e r i v e d   from  s a id   c a l c u l a t o r   u n i t ,   and  t h a t   the   c o n t r o l  

a p p a r a t u s   c o m p r i s e s   one  s i n g l e   t e m p e r a t u r e   s e n s o r ,   i n s t a l l e d   in  t h e  

f l u e   gas  p a s s a g e ,   s u p p l y i n g   to  the   c a l c u l a t o r   u n i t   the   r e s u l t s   o f  

t e m p e r a t u r e   m e a s u r e m e n t ,   c o r r e s p o n d i n g   to  d i f f e r e n t   s e t t i n g s   of  t h e  

s e c o n d a r y   a i r   c o n t r o l   member,  r e q u i r e d   in  o p t i m i z i n g   the  c o m b u s t i o n  

a i r   q u a n t i t y .  

The  o t h e r   c h a r a c t e r i s t i c   f e a t u r e s   of  the   c o n t r o l   a p p a r a t u s   of  t h e  

i n v e n t i o n   are   s t a t e d   in  c l a i m s   9  and  1 0 .  

In  the  p r e s e n t   a p p l i c a t i o n   is  d i s c l o s e d   a  new  c o n t r o l   p r o c e d u r e   a n d  

a p p a r a t u s   for   b o i l e r   p l a n t s   o p e r a t i n g   on  s o l i d   f u e l .   The  h e a t i n g  

c e n t e r   o p e r a t i n g   a c c o r d i n g   to  the  f o r e b o x   p r i n c i p l e   c o m p r i s e s   a  

f u e l   s u p p l y   a s s e m b l y ,   a  f o r e b o x ,   and  a  b o i l e r   with  c h i m n e y .   The  

b u r n i n g   means  in  the  f o r e b o x   c o n v e r t s   the   s o l i d   f u e l   i n t o   g a s e o u s  
s t a t e .   Said  f o r e b o x   b u r n i n g   means  does  not  p a r t i c i p a t e   in  the  com-  

b u s t i o n   p r o c e s s   p r o p e r .   The  f u e l   runs   from  an  i n t e r m e d i a t e   s i l o  

on to   an  i n c l i n e d   g r a t e ,   the  embers   g l o w i n g   in  t h i s   g r a t e ' s   l o w e r  

p a r t   and  on  the  p l a n a r   g r a t e   d r y i n g   the  f ue l   and  l i b e r a t i n g   t h e  

v o l a t i l e   g a s e s   t h e r e f r o m .   The  c a r b o n   in  the  f ue l   becomes   o x i d i z e d  

wi th   the  oxygen  of  the  a i r   s u p p l i e d   t h r o u g h   the  p r i m a r y   h a t c h ,   p r o -  

d u c i n g   c a r b o n   monox ide .   This   gas  m i x t u r e   is  not  yet   b u r n e d   in  t h e  

f o r e b o x ;   it   is  i n s t e a d   c o n d u c t e d   by  the  f i r e   tube   i n to   the   b o i l e r .  

τp  the  hot  gas  m i x t u r e   coming  from  the  f o r e b o x   is  added  a i r   f r o m  

the   s e c o n d a r y   a i r   c o n n e c t o r   of  the   f i r e b o x ,   whereby  the  g a s e s   a r e  

p a r t l y   i g n i t e d   in  the  f i r e   tube   and  move,  b u r n i n g ,   i n to   the  b o i l e r .  

The  b a s i c   idea   of  the  i n v e n t i o n ,   t h a t   is  of  the  new  c o n t r o l   p r o c e -  
dure   and  a p p a r a t u s ,   is  to  a c c o m p l i s h   c o n t r o l   of  c o m b u s t i o n   u s i n g  

only   one  t h e r m o c o u p l e   in  the  f l u e   p a s s a g e ,   m e a s u r i n g   the  f l u e   g a s  
t e m p e r a t u r e .   O p t i m a t i o n   of  the  c o m b u s t i o n   p r o c e s s   t a k e s   p l a c e   a t  

the   o u t p u t   p o w e r  o f   the  b o i l e r   at  a  g iven   moment.  For  each  o u t p u t  

v a l u e   a  maximum  can  be  found  in  the  f l u e   gas  t e m p e r a t u r e   when  t h e  

s e c o n d a r y   a i r   q u a n t i t y   is  v a r i e d .   Said   o p t i m i z i n g   of  c o m b u s t i o n ,  
and  t h e r e w i t h   m a x i m i z i n g   of  the  c o m b u s t i o n   t e m p e r a t u r e ,   is  a c c o m -  



p l i s h e d   with  an  a p p a r a t u s   in  which  the  f l u e   gas  t e m p e r a t u r e   i s  

m e a s u r e d   with  a  number  of  g i v e n   s e c o n d a r y   h a t c h   s e t t i n g s ,   e . g .   w i t h  

t h r e e   s e t t i n g s .   This   y i e l d s   the   p a i r s   of  m e a s u r e d   v a l u e s   STA,SST;  

ATA,AST;  YTA,YST,  where  SST  is  the   f l u e   gas  t e m p e r a t u r e   in  t h e  

s t a b l e   p r o c e s s   p r i o r   to  o p t i m i z i n g ,   AST  is  the   f l u e   gas  t e m p e r a t u r e  

when  b u r n i n g   wi th   i n a d e q u a t e   a i r   q u a n t i t y ,   ATA  is  the   s e t t i n g   o f  

the   s e c o n d a r y   damper  when  b u r n i n g   wi th   i n a d e q u a t e   a i r   q u a n t i t y ,  

YST  is  the  f l u e   gas  t e m p e r a t u r e   when  b u r n i n g   wi th   ample  a i r   q u a n t i -  

ty,   and  YTA  is  the  s e t t i n g   of  the  s e c o n d a r y   damper  when  b u r n i n g  

wi th   ample  a i r .   These  p a i r s   of  m e a s u r e d   v a l u e s   r e p r e s e n t   a  c e r t a i n  

f u n c t i o n ,   which  r e p r e s e n t s   the  i n t e r r e l a t i o n s h i p   of  s e c o n d a r y   d a m p -  

er  s e t t i n g   and  t e m p e r a t u r e .   When  the  number  of  m e a s u r i n g   p o i n t s   i s  

t h r e e ,   the   cu rve   p a s s i n g   t h r o u g h   the  p l o t s   can  be  a p p r o x i m a t e d   w i t h  

a  p a r a b o l a .   The  c o n s t a n t s   of  t h i s   p a r a b o l a   a re   found  by  s e t t i n g   up  

s i m u l t a n e o u s   e q u a t i o n s   with  the  p l o t s   and  s o l v i n g   t h e s e ,   f a r   i n -  

s t a n c e   a p p l y i n g   C r a m e r ' s   me thod .   Now  once  the  e q u a t i o n   i n c l u d i n g  

i t s   c o e f f i c i e n t s   has  been  f o u n d ,   it  is  f u r t h e r   p o s s i b l e   to  f i n d  

m a t h e m a t i c a l l y   the  maximum  of  the  f u n c t i o n ,   in  t h i s   c a se   of  t h e  

p a r a b o l a ,   whereby  one  f i n d s   the  s e t t i n g   of  the   s e c o n d a r y   d a m p e r  

c o r r e s p o n d i n g   to  the  maximum,  and  t h i s   s e t t i n g   w i l l   t hen   g ive   o p t i -  

mum  c o m b u s t i o n .  

The  e x c e s s   a i r   o p t i m a t i o n   is  c a r r i e d   out  at  the   power  o u t p u t   of  t h e  

h e a t i n g   c e n t r e   at  t h a t   p a r t i c u l a r   moment,  and  t h e r e f o r e   the  s e c o n d -  

ary  damper  s e t t i n g   found  in  the  way  j u s t   d e s c r i b e d   is  on ly   v a l i d  

wi th   t h i s   p a r t i c u l a r   o u t p u t   r a t e .  

The  i n v e n t i o n   a l s o   c o m p r i s e s   a  t h r o t t l i n g   damper  p l a c e d   in  the  f l u e  

p a s s a g e ,   and  c o r r e c t i o n   fo r   the  i n t e r d e p e n d e n c e   of  the   s e c o n d a r y  

a i r   h a t c h   s e t t i n g s .   This   c o r r e c t i o n   is  a p p l i e d   by  e s t a b l i s h i n g   t h e  

s e t   of  p l o t s   t s a , t a ) , ,   where  sa  =  the  t h r o t t l i n g   damper  s e t t i n g   a n d  

ta  =  t h e   s e t t i n g   of  the  s e c o n d a r y   h a t c h   c a l c u l a t e d   by  E q u a t i o n   ( 1 ) ,  
i  =  1  t o   n,  where  n  is  the   number  of  p l o t s   ( s a , t a ) , .   To  the  se t   o f  

p l o t s   is  f u r t h e r   added  the  p l o t   ( s a , t a )  n + 1 ,   which  c o n t a i n s   t h e  

t h r o t t l i n g   damper  s e t t i n g   d u r i n g   o p t i m a t i o n   and  the   optimum  s e c o n d -  

ary  a i r   ha t ch   s e t t i n g .   With  t h e s e   p l o t s   a  s o - c a l l e d   PNS  f i t   is  c o n -  

s t r u c t e d ,   and  the  c o r r e c t e d   E q u a t i o n   (1)  is  fo rmed  wi th   the  e q u a -  

t i o n   t h e r e f r o m   o b t a i n e d .  



The  c h a n g e d   p o s i t i o n   of  the  s e c o n d a r y   damper  has  no  s i g n i f i c a n t  

e f f e c t   on  the  s u b a t m o s p h e r i c   p r e s s u r e   in  the  f i r e b o x ,   and  t h e r e f o r e  

t h e r e   is  no  need  to  change   the  s e t t i n g   of  the  p r i m a r y   d a m p e r .  

With  the  c o n t r o l   p r o c e d u r e   of  the   i n v e n t i o n   is  o b t a i n e d   a  c o n t r o l  

of  a  s o l i d   fue l   b o i l e r   p l a n t   in  which  the  a i r   q u a n t i t y   is  c o n t r o l l -  

ed  w i t h o u t   d e l a y ,   s i m u l t a n e o u s l y   wi th   the  load ,   and  a l w a y s   d i r e c t l y  

to  the  c o r r e c t   a i r / f u e l   r a t i o .   Th is   c i r c u m s t a n c e   i s ,   in  f a c t ,   o n e  

of  the  s i g n i f i c a n t   f a c t o r s   when  c o m p a r i s o n s   are   made  wi th   c o n t r o l  

d e s i g n s   of  p r i o r   a r t ,   in  which  i t   is  t y p i c a l   t h a t   the   a i r   q u a n t i t y  

does  not  change   u n t i l   t h e r e   has  been  a  change   in  f u e l   s u p p l y .  

The  p r o c e d u r e   of  the  i n v e n t i o n   a l s o   c o m p r i s e s   a  s t e p   in  which  t h e  

c o m b u s t i o n   a i r   q u a n t i t y   is  c h e c k e d   at  g iven   i n t e r v a l s   and,  if  r e -  

q u i r e d ,   c o r r e c t i o n   is  made  so  t h a t   t h r o u g h   o p t i m i z i n g   as  t a u g h t   by 

the  i n v e n t i o n   is  a c h i e v e d   a  s e t t i n g   of  the  s e c o n d a r y   a i r   ha t ch   c o n -  

s i s t e n t   with  maximum  t e m p e r a t u r e   of  the   f l u e   gas.   The  i n t e r v a l  

be tween   o p t i m a t i o n s   may  be  one  hour .   This   is  a d v a n t a g e o u s   b e c a u s e  

the  i n f l u e n c e   of  s p o r a d i c   d i s t u r b a n c e s   is  then  m i n i m i z e d .  

The  i n v e n t i o n   a l s o   c o n c e r n s   an  a p p a r a t u s   c o n s i s t e n t   wi th   the  p r o c e -  

d u r e ,   in  t h i s   a p p a r a t u s   be ing   e s s e n t i a l   t h a t   only  one  t e m p e r a t u r e  

s e n s o r   is  e m p l o y e d ,   t h i s   t h e r m o c o u p l e   be ing   l o c a t e d   in  the  f l u e   g a s  

p a s s a g e ,   and  the   a p p a r a t u s   c o m p r i s i n g   a  c a l c u l a t i n g   u n i t ,   s u i t a b l y  

a  m i c r o c o m p u t e r ,   which  c a r r i e s   out   the  o p t i m a t i o n   c o n s i s t e n t   w i t h  

the  p r o c e d u r e   j u s t   d e s c r i b e d ,   u t i l i z i n g   the  m e a s u r e m e n t   i n f o r m a t i o n  

o b t a i n e d   from  s a i d   s e n s o r ,   whereby   as  a  r e s u l t   of  the  m e a s u r e m e n t s  

and  of  the  c a l c u l a t i o n s   made  by  the  c a l c u l a t i n g   u n i t ,   t h a t   is  o f  

the  o p t i m i z i n g ,   is  a c h i e v e d   a  s e c o n d a r y   a i r   damper  s e t t i n g   c o n s i s t -  

ent   with  the  e x c e s s   a i r   opt imum.   This   e x c e s s   a i r   optimum  q u a n t i t y  

c o r r e s p o n d s   to  the  maximum of   the   t e m p e r a t u r e .  

The  i n v e n t i o n   s h a l l   be  d e s c r i b e d   in  d e t a i l ,   r e f e r r i n g   to  an  a d v a n -  

t a g e o u s   embod imen t   of  the  i n v e n t i o n ,   p r e s e n t e d   in  the  f i g u r e s   o f  



the   a t t a c h e d   d r a w i n g ,   yet   to  which  the  i n v e n t i o n   is  not  meant  to  b e  

e x c l u c i v e l y   c o n f i n e d .  

F ig .   1  p r e s e n t s   a  b o i l e r   p l a n t   o p e r a t i n g   on  s o l i d   f u e l ,   in  w h i c h  

the   c o n t r o l   p r o c e d u r e   of  the   i n v e n t i o n   is  a p p l i e d ,   in  e l e v a t i o n a l  

v i e w .  

F ig .   2  p r e s e n t s   the  b o i l e r   p l a n t   of  F ig .   1,  v iewed  from  a b o v e .  

F ig .   3  p r e s e n t s   the  b o i l e r   p l a n t   of  F ig .   1,  v iewed  from  the  f r o n t .  

F ig .   4  shows  on  a  l a r g e r   s c a l e ,   a  d e t a i l   of  F ig .   2 .  

F ig .   5  shows  g r a p h i c a l l y   the  r e l a t i o n s h i p   b e t w e e n   s e c o n d a r y   a i r  

q u a n t i t y   and  f l u e   gas  t e m p e r a t u r e .  

F ig .   6  i l l u s t r a t e s   g r a p h i c a l l y   the  o p t i m a t i o n   m e a s u r e m e n t   t a u g h t   by  

the   i n v e n t i o n .  

The  h e a t i n g   c e n t r e   o p e r a t i n g   on  s o l i d   f u e l ,   d e p i c t e d   in  F ig .   1,  h a s  

been  i n d i c a t e d   i n  g e n e r a l   w i th   the   r e f e r e n c e   numera l   10.  The  s o l i d  

f u e l   s t o r a g e   bin  is  i n d i c a t e d   wi th   r e f e r e n c e   numera l   11.  The  s t o r -  

age  bin  11  has  a n  o p e n a b l e   c o v e r   s t r u c t u r e   12,  and  the   lower  p a r t  

13  of  the   s t o r a g e   bin  11  is  t a p e r i n g .   R e f e r e n c e   numera l   14  i n d i -  

c a t e s   a  p l u n g e r   f e e d e r ,   a r r a n g e d   to  move  s o l i d   f u e l   from  the  s t o r -  

age  bin  11  by  a  t r a n s p o r t   t u b e   15  to  the  i n t e r m e d i a t e   s i l o   1 6 .  A  

l i m i t   s w i t c h   17  has  been  f i t t e d   to  c o n t r o l   the   s u p p l y   of  s o l i d   f u e l  

to  the  i n t e r m e d i a t e   s i l o   1 6  s o   t h a t   the   i n t e r m e d i a t e   s i l o   16  i s  

s u b s t a n t i a l l y   f i l l e d   to  c a p a c i t y   a l l   the   t i m e .  

The  h e a t i n g   c e n t r e   10  c o m p r i s e s   a  f o r e b o x   18,  t h i s   b e i n g   a  b u r n i n g  

means  which  c o n v e r t s   the  s o l i d   f u e l ,   for   i n s t a n c e   c h i p p e d   wood ,  

s a w d u s t ,   lump  p e a t ,   to  g a s e o u s   s t a t e   w i t h o u t   p a r t i c i p a t i n g   in  t h e  

u l t i m a t e   c o m b u s t i o n   p r o c e s s .   The  f ue l   runs   from  the  i n t e r m e d i a t e  

s i l o   16  e . g .   down  on  an  i n c l i n e d   g r a t e ,   the   embers   g l o w i n g   in  i t s  

lower  p a r t   and  on  the  p l a n a r   g r a t e   d r y i n g   the  f u e l   and  l i b e r a t i n g  

t h e r e f r o m   the  v o l a t i l e   g a s e s .   The  c a r b o n   in  the   f u e l   is  o x i d i x e d  

w i t h   the  oxygen  in  the  a i r   s u p p l i e d   t h r o u g h   the   p r i m a r y   a i r   h a t c h  



19,  p r o d u c i n g   c a rbon   monox ide .   This   gas  m i x t u r e   is  not  burned   i n  

the   f o r e b o x   18;  i t   is  c o n d u c t e d   by  the  f i r e   tube   21  i n t o   the  b o i l e r  

2 3 .  

F i l l i n g   of  the   f o r e b o x   18  is  a u t o m a t i c a l l y   a c c o m p l i s h e d   wi th   t h e  

aid  of  a  f e e d e r ,   e . g .   a  p l u n g e r   f e e d e r ,   14  c o n n e c t e d   to  the  i n t e r -  

m e d i a t e   s i l o   16.  This   sys tem  keeps   the  i n t e r m e d i a t e   s i l o   16  f i l l e d  

to  c a p a c i t y   at  a l l   t i m e s ,   i n d e p e n d e n t   of  the  f u e l   c o n s u m p t i o n .   To 

the   hot  gas  m i x t u r e   coming  from  the  f o r e b o x   18  is  added  a i r   t h r o u g h  

the  s e c o n d a r y   a i r   ha tch   22  on  the  f i r e   tube   21,  whereby   the  g a s e s  

are   p a r t l y   i g n i t e d   in  the  f i r e   tube   21  and  go,  b u r n i n g ,   to  t h e  

b o i l e r   23.  An  a c t i o n   means  20  has  been  p r o v i d e d   to  c o n t r o l   t h e  

p r i m a r y   a i r   h a t c h   19,  i . e . ,   to  change   the   s e t t i n g   of  the   p r i m a r y  

a i r   ha t ch   19.  The  r e f e r e n c e   numera l   26  i n d i c a t e s   the  ch imney  a n d  

numera l   27,  the   base   on  which  the  f o r e b o x   18,  b o i l e r   23  and  c h i m n e y  

26  have  been  e r e c t e d .  

The  t h e r m o c o u p l e   29  m e a s u r i n g   the  f l u e   gas  t e m p e r a t u r e   has  b e e n  

p l a c e d   in  the  f l u e   p a s s a g e   2 4 .  

As  shown  in  F ig .   4,  a  f l u e   gas  e x h a u s t e r   25  has  been  mounted   in  t h e  

f l u e   p a s s a g e   24.  The  p a r t   a f t e r   the   e x h a u s t e r   25  of  the   f l u e   p a s s -  

age  24  c a r r i e s   the  r e f e r e n c e   numera l   24a.  In  Fig .   4,  the   f low  o f  

f l u e   g a s e s   unde r   n a t u r a l   d r a u g h t   is  i n d i c a t e d   by  the  a r row  A  a n d  

t h a t   with  f o r c e d   d r a u g h t ,   by  the  a r row  B. 

The  p r o c e d u r e   of  the  i n v e n t i o n   now  c o m p r i s e s   a  s t e p   in  which  wi th   a  

t h e r m o e l e m e n t   29,  s u i t a b l y   a  t h e r m o c o u p l e ,   in  the  f l u e   gas  p a s s a g e  

is  measu red   the  f l u e   gas  t e m p e r a t u r e   at  a  p l u r a l i t y   of  p o i n t s .   I t  

is  shown  in  F ig .   5  t h a t   with  optimum  e x c e s s   a i r   q u a n t i t y   and  wi th   a  

g iven   s e t t i n g   of  the  s e c o n d a r y   a i r   h a t c h   22  optimum  c o m b u s t i o n   i s  

a c h i e v e d ,   w h e r e a t   the  f l u e   gas  t e m p e r a t u r e   has  i t s   maximum.  I f  

t h r o u g h   the  s e c o n d a r y   a i r   ha t ch   22  too  l i t t l e   a i r   is  a d m i t t e d   i n t o  

the   f i r e   tube   21,  not  enough  oxygen  is  o b t a i n e d   for   the  c o m b u s t i o n ,  

w h i l e   in  the  e v e n t   t h a t   t h e r e   is  too  much  a i r   the  e x c e s s   a i r   b i n d s  

t h e r m a l   e n e r g y   and  the  ene rgy   bound  in  t h i s   manner  is  w a s t e d .   When 

now  the  f l u e   gas  t e m p e r a t u r e   is  m e a s u r e d ,   as  t a u g h t   by  the  i n v e n -  

t i o n ,   at  t h r e e   p o i n t s ,   t h r e e   p a i r s   of  v a l u e s   a re   o b t a i n e d   in  e a c h  



of  w h i c h  t o   a  c e r t a i n   s e t t i n g   of  the  s e c o n d a r y   a i r   h a t c h   c o r r e s -  

p o n d s  a   c e r t a i n   f l u e   gas  t e m p e r a t u r e .   One  o b t a i n s   the  p l o t s  

tSTA,SST) ;   (ATA,AST);  (YτA,YSτ) ,   where  SST  =  f l u e   gas  t e m p e r a t u r e  

in  a  s t a b l e   p r o c e s s   b e f o r e   o p t i m i z i n g ,   STA  =  s e t t i n g   of  the  s e c o n d -  

ary  a i r   h a t c h   22  b e f o r e   o p t i m i z i n g ,   AST  = f l u e   gas  t e m p e r a t u r e   when 

b u r n i n g   with  i n a d e q u a t e   a i r   q u a n t i t y ,   ATA  =  s e t t i n g   of  the   s e c o n d -  

ary  a i r   h a t c h   22  when  b u r n i n g   wi th   i n a d e q u a t e   a i r   q u a n t i t y ,   YST  = 

f l u e   gas  t e m p e r a t u r e   when  b u r n i n g   wi th   ample  a i r   q u a n t i t y ,   YTA  = 

s e t t i n g   of  the  s e c o n d a r y   a i r   h a t c h   22  when  b u r n i n g   wi th   ample  a i r  

q u a n t i t y .   The  c u r v e   p a s s i n g   t h r o u g h   the  p l o t s   t h a t   have  been  f o u n d  

is  a p p r o x i m a t e d   with  a  p a r a b o l a ,   of  which  the  c o n s t a n t s   a re   f o u n d  

by  s e t t i n g   up  s i m u l t a n e o u s   e q u a t i o n s   with  the   p l o t s   and  by  s o l v i n g  

them  e . g .   with  the  aid  of  C r a m e r ' s   method  or  by  a n o t h e r   m a t h e m a t i -  

cal   me thod .   The  s e t t i n g   of  the   s e c o n d a r y   a i r   ha t ch   22  c o r r e s p o n d i n g  

to  the  maximum  of  the  c u r v e   g i v e s   optimum  c o m b u s t i o n .   The  idea   i s  

t h a t   a  m a t h e m a t i c a l   f u n c t i o n   r e p r e s e n t i n g   the  r e l a t i o n s h i p   b e t w e e n  

the   f l u e   gas  t e m p e r a t u r e   and  the  s e t t i n g   of  the   s e c o n d a r y   a i r   h a t c h  

22  is  c o n s t r u c t e d   in  which  the  v a r i a b l e s   a re   t e m p e r a t u r e   a n d  

s e t t i n g   of  the   s e c o n d a r y   a i r   h a t c h   22.  To  the  maximum  of  s a i d  

c u r v e ,   i . e . ,   to  the  p o i n t   where  the  t e m p e r a t u r e   has  i t s   maximum, 

c o r r e s p o n d s   a  g iven   s e t t i n g   of  the  s e c o n d a r y   a i r   h a t c h   22.  The  

s e c o n d a r y   a i r   h a t c h   22  is  now  s e t   in  t h i s   p a r t i c u l a r   p o s i t i o n   w i t h  

the   aid  of  the  c o n t r o l   e q u i p m e n t .   There   may  a l s o   be  more  than  t h r e e  

p o i n t s   of  m e a s u r e m e n t ,   but  the   m e a s u r e m e n t   at  t h r e e   p o i n t s   w h i c h  

has  been  d e s c r i b e d   is  s u f f i c i e n t .  

O p t i m i z i n g   is  a c h i e v e d   wi th   a  c a l c u l a t i n g   a p p a r a t u s ,   s u i t a b l y   a  

m i c r o c o m p u t e r ,   in  which  the  o p t i m a t i o n   p r o c e s s   has  been  p r o g r a m m e d .  
The  s e n s o r   29  in  the  f l u e   p a s s a g e   24  m e a s u r i n g   the  f l u e   gas  t e m p e r -  
a t u r e   is  s u i t a b l y   a  t h e r m o c o u p l e ,   b e c a u s e   the  t e m p e r a t u r e   here   i s  

a l r e a d y   r e a s o n a b l y   low  and  a  t h e r m o c o u p l e   is  then  b e t t e r   r e s i s t a n t .  

The  f a c t   t h a t   only   one  s e n s o r   29  i s   needed   has  a l s o   a  f a v o u r a b l e  

e f f e c t   on  the  p r i c e   of  the   whole  c o n t r o l   e q u i p m e n t .  

In  the  p r o c e d u r e   of  the  i n v e n t i o n   is  a l s o   p e r f o r m e d   c o r r e c t i o n   f o r  
the   r e l a t i o n s h i p   be tween   the   s e t t i n g s   of  the   t h r o t t l i n g   damper  28  

i n s e r t e d   in  the  f l u e   p a s s a g e   24  and  of  the  s e c o n d a r y   a i r   ha t ch   2 2 .  

Th i s   c o r r e c t i o n   is  made  by  s e t t i n g   up  a  s e t   of  p l o t s   ( s a , t a ) ,   w h e r e  



sa  =  s e t t i n g   of  the  t h r o t t l i n g   damper  28,  ta  =  s e t t i n g s   of  the  s e c -  

o n d a r y  a i r   h a t c h   22  c a l c u l a t e d   from  E q u a t i o n   (1) ,   i  =  i . . . n ,   w h e r e  

n  is  the  number  of  p l o t s   ( s a , t a ) i .   To  the  s e t   of  p l o t s   is  f u r t h e r  

added  a  p l o t   ( s a , t a ) n + 1   which  c o n t a i n s   the  f l u e   damper  s e t t i n g   a n d  

the  optimum  s e c o n d a r y   a i r   h a t c h   s e t t i n g   d u r i n g   o p t i m i z i n g .   W i t h  

t h e s e   p l o t s   a  s o - c a l l e d   PNS  f i t   is  s o u g h t   and  the  e q u a t i o n   d e r i v e d  

t h e r e f r o m   is  used  to  p r o d u c e   the  c o r r e c t e d   E q u a t i o n   (1) .   The  

changed   s e t t i n g   of  the  s e c o n d a r y   damper  has  l i t t l e   e f f e c t   on  t h e  

s u b a t m o s p h e r i c   p r e s s u r e   in  the  b o i l e r   f i r e b o x   23,  and  no  c o r r e c t i o n  

of  the  p r i m a r y   a i r   ha t ch   19  is  t h e r e f o r e   n e c e s s a r y .  

Fig .   6  i l l u s t r a t e s   an  o p t i m i z i n g   m e a s u r e m e n t .   E v e r y t h i n g   t a k e s  

p l a c e   on  one  t i m e  a x i s .   Topmost  is  shown  the  c o u r s e   of  the   f l u e   g a s  

t e m p e r a t u r e .   The  lower  g r a p h i c   p r e s e n t a t i o n ,   a g a i n ,   r e p r e s e n t s   t h e  

s e t t i n g s   of  the   s e c o n d a r y   a i r   h a t c h   at  the  d i f f e r e n t   s t e p s .   The  

a b b r e v i a t i o n s   (SST,AST,  YST  and  STA,ATA,YTA)  c o r r e s p o n d   to  t h e  

p o i n t s   of  m e a s u r e m e n t ,   a l r e a d y   d i s c u s s e d ,   a s s o c i a t e d   wi th   t h e  

o p t i m i z i n g   r u n .  



1.  P r o c e d u r e   for   c o n t r o l l i n g   the  c o m b u s t i o n   p r o c e s s   in  a  b o i l e r  

p l a n t   o p e r a t i n g   on  s o l i d   f u e l ,   w h e r e i n   the  s o l i d   f u e l   is  c o n v e r t e d  

i n t o   c o m b u s t i b l e   g a s e s   and  the  q u a n t i t y   of  the   s e c o n d a r y   a i r   s u p -  

p l i e d   to  s a id   c o m b u s t i b l e   g a s e s   fo r   t h e i r   b u r n i n g   is  r e g u l a t e d   by 

c o n t r o l l i n g   a  s e c o n d a r y   a i r   c o n t r o l   member  (22) ,   c h a r a c t e r i z e d   i n  

t h a t   the  c o m b u s t i o n   a i r   q u a n t i t y   is  o p t i m i z e d   in  t h a t   wi th   a  t e m -  

p e r a t u r e   s e n s o r   (29)  in  the   f l u e   p a s s a g e   (24)  is  m e a s u r e d   the  f l u e  

gas  t e m p e r a t u r e   at  v a r i o u s   s e t t i n g s   of  the   s e c o n d a r y   a i r   c o n t r o l  

member  (22)  and  a  m a t h e m a t i c a l   f u n c t i o n   a p p r o x i m a t i n g   the   s e c o n d a r y  

a i r   c o n t r o l   member  (22)  s e t t i n g / t e m p e r a t u r e   p l o t s   t h u s   o b t a i n e d   i s  

c o n s t r u c t e d ,   i t s   maximum  c o n s i s t e n t   wi th   maximum  f l u e   gas  t e m p e r a -  

t u r e   be ing   s o l v e d ,   and  the  s e t t i n g   of  the   s e c o n d a r y   a i r   c o n t r o l  

member  (22)  is  changed   to  con fo rm  to  the  r e s p e c t i v e   s e t t i n g   of  t h e  

s e c o n d a r y   a i r   c o n t r o l   member  (22)  found  as  r e s u l t   of  o p t i m i z i n g .  

2.  P r o c e d u r e   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   in  t h a t   for   p e r -  

f o r m i n g   the  o p t i m a t i o n ,   t h r e e   f l u e   gas  t e m p e r a t u r e   m e a s u r e m e n t s   a r e  

made  at  t h r e e   d i f f e r e n t   s e t t i n g s   of  the  s e c o n d a r y   a i r   c o n t r o l   mem- 

t e r   (22) ,   and  t h a t   the  t u r v e   p a s s i n g   t h r o u g h   s a i d   t h r e e   p o i n t s   o f  

m e a s u r e m e n t   (STA, SST;ATA, AST; YTA; UST)  is  a p p r o x i m a t e d   wi th   a  p a r a -  

b o l a ,   the  maximum  of  s a i d   p a r a b o l a   b e i n g   f ound ,   and  the  s e c o n d a r y  

a i r   c o n t n o l   member  (22)  b e i n g   s e t   in  the  p o s i t i o n   y i e l d i n g   s a i d  

optimum  c o m b u s t i o n   and  maximum  t e m p e r a t u r e .  

3.  P r o c e d u r e   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i z e d   in  t h a t   the  c o n -  

s t a n t s   of  the  p a r a b o l a   p a s s i n g   through  the  p o i n t s   of  m e a s u r e m e n t  

are   found  when  a  group  of  s i m u l t a n e o u s   e q u a t i o n s   is  c o n s t r u c t e d  

from  t h e s e   p l o t s   and  t h i s   is  m a t h e m a t i c a l l y   s o l v e d ,   e . g .   a p p l y i n g  

C n a m e r ' s   m e t h o d .  

4.  P r o c e d u r e   a c c o r d i n g   to  any  one  of  c l a i m s   1-3,  c h a r a c t e r i z e d   i n  

t h a t   the  r e l a t i o n s h i p   be tween   the  s e t t i n g s   of  the  f l u e   gas  f l o w  

c o n t r o l   member  (28)  and  the  s e c o n d a r y   a i r   c o n t r o l   member  (22)  i s  

c o r r e c t e d   with  a  v a l u e   o b t a i n e d   by  o p t i m a t i o n   and  s t a t i n g   t h e  

s e t t i n g   of  the  f l u e   gas  f low  c o n t r o l   member  (28)  and  the  s e t t i n g   o f  

the  s e c o n d a r y   a i r   c o n t r o l   member  ( 2 2 ) .  



5.  P r o c e d u r e   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1-4,  c h a r a c t e r i z e d   i n  

t h a t   the  r e l a t i o n s h i p   be tween   the  s e t t i n g s   of  the  f l u e   gas  f l o w  

c o n t r o l   member  (28)  and  the  s e c o n d a r y   a i r   c o n t r o l   member  (22)  i s  

c o r r e c t e d   by  s e t t i n g   up  a  s e t   of  p l o t s   ( s a , t a ) 4 ,   i  =  i . . . n ,   w h e r e  

sa  =  s e t t i n g   of  the  f l u e   gas  flow  c o n t r o l   member  (28)  and  ta  = 

s e t t i n g   o f  t h e   s e c o n d a r y   a i r   c o n t r o l   member  (22) ,   and  in  s a id   s e t  

of  p l o t s   is  f u r t h e r   i n c o r p o r a t e d   a  p l o t   ( s a , t a ) n + 1 ,   which  c o n t a i n s  

the  s e t t i n g   of  the  f l u e   gas  flow  c o n t r o l   member  (28)  d u r i n g   o p t i -  

m iz ing   and  the  s e c o n d a r y   a i r   c o n t r o l   member  (22)  s e t t i n g   found  by  

o p t i m i z i n g ,   and  for  the  p l o t s   thus   o b t a i n e d   a  c u r v e   f i t   is  c a r r i e d  

out  and  with  the  aid  of  the  f i t t e d   cu rve   is  formed  the  c o r r e c t e d  

e q u a t i o n  

6 .   P r o c e d u r e   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1-5,  c h a r a c t e r i z e d   i n  

t h a t   o p t i m i z i n g   t a k e s   p l a c e   at  g iven   i n t e r v a l s .  

7.  P r o c e d u r e   a c c o r d i n g   to  c l a i m   6,  c h a r a c t e r i z e d   in  t h a t   t h e  

i n t e r v a l   be tween   o p t i m a t i o n s   is  about   one  h o u r .  

8.  C o n t r o l   a p p a r a t u s   for   c o n t r o l l i n g   the  c o m b u s t i o n   p r o c e s s   in  a  

s o l i d   f ue l   b o i l e r   p l a n t ,   a p p l y i n g   a  p r o c e d u r e   a c c o r d i n g   to  a n y  o n e  

of  c l a i m s   1-7,  c h a r a c t e r i z e d   in  t h a t   the  c o n t r o l   a p p a r a t u s   c o m p r i s -  

es  a  c a l c u l a t o r   u n i t   c o n t a i n i n g   an  o p t i r a a t i o n   programme  and  a  s e c -  

o n d a r y   a i r   c o n t r o l   member  (22)  c o n t r o l l a b l e   with  the   aid  of  t h e  

s e t - p o i n t   v a l u e s   coming  from  s a i d   c a l c u l a t i n g   u n i t ,   and  t h a t   t h e  

c o n t r o l   a p p a r a t u s   c o m p r i s e s   one  s i n g l e   t e m p e r a t u r e   s e n s o r   ( 29 )  

p l a c e d   in  the  f l u e   gas  p a s s a g e   (24)  and  which  p r o d u c e s   for   t h e  

c a l c u l a t i n g   u n i t   the  t e m p e r a t u r e   m e a s u r e m e n t   r e s u l t s   c o r r e s p o n d i n g  

to  v a r i o u s   s e t t i n g s   of  t h e   s e c o n d a r y   a i r   c o n t r o l   member  (22)  w h i c h  

are   needed  for  o p t i m i z i n g   the  c o m b u s t i o n   a i r   q u a n t i t y .  

9.  C o n t r o l   a p p a r a t u s   a c c o r d i n g   to  c l a im   8,  c h a r a c t e r i z e d   in  t h a t  

the   c a l c u l a t i n g   u n i t   is  a  m i c r o c o m p u t e r .  



10.  C o n t r o l   a p p a r a t u s   a c c o r d i n g   to  c l a i m   8 or  9,  c h a r a c t e r i z e d   in  t h a t  

the   t e m p e r a t u r e   s e n s o r   (29)  is  a  t h e r m o c o u p l e .  
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