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The  p r e s e n t   i n v e n t i o n   p e r t a i n s   to  an  appa ra tu s   and  method  

for  d e t e r m i n i n g   which,  if   any,  coo l ing   c i r c u i t s   in  a  b l a s t   f u r n a c e  

or  s i m i l a r   device   have  become  fouled   or  p l u g g e d .  

The  u l t i m a t e   l i f e   and  to t a l   per formance  of  an  iron  making 

b l a s t   fu rnace   are  dependent   on  the  a b i l i t y   of  the  fu rnace   r e f r a c t o r y  

to  w i t h s t a n d   the  extreme  o p e r a t i n g   c o n d i t i o n s   of  high  gas  t e m p e r a -  

tu re   and  a b r a s i v e   charge  m a t e r i a l s .   U n f o r t u n a t e l y ,   fu rnace   r e f r a c -  

t o r i e s   have  a  l i m i t e d   l i f e .   Aside  from  mechanical   a b r a s i v e   e f f e c t s ,  

d e g r a d a t i o n   or  s o l u t i o n   ra te   of  most  r e f r a c t o r i e s   is  dependent   on 

the  r e f r a c t o r y   t e m p e r a t u r e   i t s e l f .   G e n e r a l l y ,   as  r e f r a c t o r y   t em-  

p e r a t u r e   i n c r e a s e s ,   so  does  the  s o l u t i o n   r a t e .  

In  order   to  dec rease   high  t e m p e r a t u r e   e f f e c t s   on  the  b l a s t  

fu rnace   r e f r a c t o r y   and  to  provide   s t r u c t u r a l   i n t e g r i t y ,   c o o l i n g  

water   s tack  systems  have  been  i n c o r p o r a t e d   into  most  b l a s t   f u r n a c e  

d e s i g n s .   It  is  t y p i c a l   for  these   fu rnaces   to  have  a  matr ix   of  c o p -  

per  stack  p l a t e s   embedded  in  the  r e f r a c t o r y   s tack  wal ls   to  s u p p l y  



the  n e c e s s a r y   c o o l i n g .   Each  i n d i v i d u a l   cool ing   c i r c u i t   normal ly   h a s  

an  ups t ream  end  and  a  downstream  end  and  i nc ludes   about  10  or  l e s s  

of  these   s tack  p l a t e s .   Most  b l a s t   fu rnace   coo l ing   c i r c u i t s   u t i l i z e  

o n c e - t h r o u g h   water  systems  and  are  d i a g o n a l l y   or  h o r i z o n t a l l y   d i s -  

posed  about  the  f u r n a c e .   Commonly,  about  80  -   150  of  such  c i r c u i t s  

are  p r o v i d e d   about  the  fu rnace .   Water  supply  is  u s u a l l y   off   a  com- 

mon  header   with  each  c i r c u i t   having  i t s   own  d i s cha rge   into  an  open 

t rough  s u r r o u n d i n g   the  f u r n a c e .  

Various  coo l i ng   system  mon i to r ing   means  have  been  d e s i g n e d  

to  moni to r   v a r y i n g . o p e r a t i n g   pa rame te r s   of  the  coo l ing   c i r c u i t s .  

For  i n s t a n c e ,   in  U.S.  P a t e n t   3 ,652 ,070   (Saga ra ) ,   t he re   is  d i s c l o s e d  

an  a p p a r a t u s   wherein  a  t e m p e r a t u r e   sens ing   means  ex tends   wi th in   t h e  

r e f r a c t o r y   i t s e l f ,   and  is  a s s o c i a t e d   with  cont ro l   means  to  r e g u l a t e  

the  passage   of  c o o l i n g   f l u i d   through  the  r e f r a c t o r y   medium  to  t h e r e -  

by  con t ro l   the  adhes ion   of  fused  slag  to  the  r e f r a c t o r y .  

In  U.S.  P a t e n t   4 ,188 ,021   ( P a t u z z i ,   et  al)  e n t i t l e d   " M e t a l -  

l u r g i c a l   Vessel  Cooling  and  Safe ty   System"  an  emergency  d r a i n a g e  

system  i s  d i s c l o s e d ,   t h e  i n t e n t   of  which  is  to  p rov ide   for  the  dump- 

i n g   of  c o o l i n g   f l u i d   dur ing  an  upset   to  p r even t   equipment   a n d / o r  

pe r sona l   damages.  Of  s i m i l a r   import   is  U.S.  P a t e n t  4 , 1 3 3 , 3 7 3   ( S l a g l e y  

e t   al)  which  d i s c l o s e s   a  leak  d e t e c t i n g   appa ra tu s   for   a  b l a s t   f u r -  

nace  coo l i ng   s y s t e m .  

Al thou th   the  above-no ted   cool ing   system  mon i to r ing   means 

are  known  in  the  a r t ,   to  our  knowledge,  no  one  has  yet   devised   a 

p o r t a b l e ,   hand -he ld   assembly  t h a t   p rov ides   an  easy  and  c o n v e n i e n t  

means  for  a s c e r t a i n i n g   if  c e r t a i n   c i r c u i t s   in  the  b l a s t   fu rnace   have  

become  c logged   or  f ou l ed .   As  is  wel l -known,   c logg ing   or  f o u l i n g   o f  



t hese   coo l ing   c i r c u i t s   impedes  the  d e s i r e d   heat   t r a n s f e r   f u n c t i o n   o f  

the  coo l ing   system,  l e a d i n g   to  d e c r e a s e d   r e f r a c t o r y   l i f e .   M o r e o v e r ,  

a l t hough   va r ious   chemical  a d d i t i v e s   may  be  added  to  these   s y s t e m s ,  
to  minimize  d e p o s i t i o n   and  fou l ing   of  the  coo l ing   c i r c u i t s ,   i t   i s  

h igh ly   d e s i r a b l e   to  p rov ide   a  means  which  is  capable   of  gauging  t h e  

e f f i c a c y   of  these   chemical  a d d i t i v e s .  

These  and  o ther   o b j e c t s   are  ach ieved   by  the  a p p a r a t u s   and  
methods  d i s c l o s e d   h e r e i n .  

The  p r e s e n t   i n v e n t i o n   p rov ides   a  c o n v e n i e n t   h a n d - h e l d  

p o r t a b l e   device   which  can  be  used  to  measure  the  flow  ra te   and 

t e m p e r a t u r e   on  the  open-ended  d i s c h a r g e   pipes  of  a  b l a s t   f u r n a c e  

c o o l i n g   c i r c u i t   l ine   or  l i n e s .   By  the  use  of  the  above  two  p a r a -  

m e t e r s ,   in  a d d i t i o n   to  measurement  of  the  i n f l u e n t   coo l ing   f l u i d  

t e m p e r a t u r e ,   the  heat  f lux  for  each  coo l ing   l ine   may  be  c a l c u l a t e d ,  

with  the  data  a l lowing   the  obse rve r   to  render   c e r t a i n   j u d g m e n t s  

r e g a r d i n g   the  coo l ing   c i r c u i t   pe r fo rmance   of  i n d i v i d u a l   c i r c u i t s   o r  

the  e n t i r e   fu rnace   in  g e n e r a l .  

.--  A  measured  dec rease   in  flow,  t e m p e r a t u r e ,   or  heat   f l u x  

from  a  p r e d e t e r m i n e d   value  will  g e n e r a l l y   i n d i c a t e   a  problem  such  a s  

c i r c u i t   p luggage  or  f o u l i n g .   An  i n c r e a s e   in  these  p a r a m e t e r s ,   o v e r  

the  p r e d e t e r m i n e d   va lue ,   is  g e n e r a l l y   i n d i c a t i v e   of  reduced  p l u g g a g e  

or  s ca le   removal.   It  is  thus  a p p a r e n t   t ha t   t h i s   data  is  useful   i n  

m o n i t o r i n g   the  e f f i c a c y   of  any  chemical  a d d i t i v e s   t h a t   may  have  been  

admi t t ed   to  the  coo l ing   system  for  the  purpose  of  c o n t r o l l i n g  

d e p o s i t s .  



B r i e f l y ,   the  a p p a r a t u s   compr ises   a  f i r s t   condu i t   t h a t   d e -  

f i n e s   a  f i r s t   flow  passage  for  the  coo l ing   l i q u i d   when  the  d e v i c e  

is  connec t ed   to  the  d i s c h a r g e   end  of  a  p a r t i c u l a r   coo l ing   c i r c u i t .  

A  t he rmocoup le   or  the  l ike   is  d i sposed   in  t h i s   f i r s t   flow  passage  t o  

measure  the  t e m p e r a t u r e   of  the  coo l ing   f l u i d   f lowing  t h e r e t h r o u g h .  

This  t h e r m o c o u p l e ,   or  s i m i l a r   t e m p e r a t u r e   sens ing  dev ice ,   may  be 

a s s o c i a t e d   with  a  d i g i t a l   LED  r eadou t   d i s p l a y   so  t ha t   the  user  may 

immed ia t e ly   read  and  record   the  d i s c h a r g e   t e m p e r a t u r e   of  the  p a r t i -  

c u l a r   coo l i ng   c i r c u i t   l i n e .  

A  flow  meter  is  also  o p e r a t i v e l y   connected   to  the  f i r s t  

flow  passage   to  measure  the  coo l ing   f l u i d   flow  at  the  d i s c h a r g e  

end  of  the  coo l ing   c i r c u i t .   P r e f e r a b l y ,   a  by-pass   condu i t   means  i s  

a l so   pa r t   of  the  i n t e g r a l ,   hand  p o r t a b l e   equipment ,   so  tha t ,_  when  

the  device   is  i n i t i a l l y   connected   to  the  coo l ing   c i r c u i t ,   back  p r e s -  

sure  may  be  r e l i e v e d   t h e r e b y .   Also,  use  of  the  by-pass   c o n d u i t  

means  at  i n i t i a l   hook-up  time  p r even t s   damage  to  the  t e m p e r a t u r e  

s ens ing   device   and  flow  meter  t h a t   may  o t h e r w i s e   o c c u r .  

The  i n v e n t i o n   shal l   now  be  i l l u s t r a t e d   in  f u r t h e r   d e t a i l  

i n - t h e   f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   and  the  appended  drawing  in  

w h i c h :  

F igu re   1  i s  a   schemat ic   drawing  i l l u s t r a t i n g   the  p r e f e r r e d  

embodiment  of  the  b l a s t   f u rnace   coo l ing   c i r c u i t   f o u l i n g   d e t e c t i o n  

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



W i t h - r e s p e c t   to  the  drawing,   t h e r e i n   shown  is  the  f o u l i n g  

d e t e c t i o n   device   of  the  p r e s e n t   i n v e n t i o n .   Rachet  handle  1  c o n -  

nected  to  clamp  means  5  through  l i n k a g e   members  2,  3,  and  4,  s e r v e s  

to  provide   a  c o n v e n i e n t   means  of  a t t a c h i n g   the  device   to  the  d i s -  

charge  end  of  the  d e s i r e d   b l a s t   fu rnace   coo l ing   c i r c u i t   l i n e .  

Hose  member  6  is  p rovided   with  ano ther   clamp  19  to  aid  in  

s e c u r i n g   the  device   to  the  coo l ing   c i r c u i t   l i n e .   Adaptors   7,  8 

connec t   hose  6  to  "Y"  pipe  9.  The  downstream  end  of  "Y"  pipe  9  i s  

t h r e a d a b l y   engaged  to  p iping  10,  which,  in  t u rn ,   is  secured   t o  

manual ly   o p e r a b l e  o n - o f f   socke t   valve  member  11.  At  the  downs t r eam 

end  of  valve  11,  adap to r   20  and  hose  member  21  are  s e r i a l l y   c o n -  

n e c t e d .  

At  one  J u n c t u r e   of  "Y" p ipe   9  is  p rovided  pipe  22 ,  

t h r e a d a b l y   secured   to  member  9.  Pipe  22  is  secured  in  f l u i d   t i g h t  

r e l a t i o n   with  one  J u n c t u r e   of  "Y"  pipe  25.  The  upstream  end  of  "Y" 

pipe  25  i s  c o n n e c t e d   to  reducer   bush ings   14,  15  through  f e m a l e  

adap to r   26.  The  upstream  end  of  bushing  15  i s ,   in  t u r n ,   c o n n e c t e d  

to  compress ion   f i t t i n g s   16,  17.  Extending  wi th in   the  flow  p a s s a g e  
from  atop  f i t t i n g   17,  is  t he rmocoup le   member  18.  This  member  i s  

.  des igned   to  measure  the  t e m p e r a t u r e   of  the  coo l ing   f l u i d   as  i t   f l o w s  

through  the  dev ice .   We  have  found  tha t   a  "K"  type  t he rmocoup le   b e s t  

se rves   the  i n t ended   f u n c t i o n   of  the  dev ice ,   a l though  i t   is  n o t e d  

t h a t   o ther   e q u i v a l e n t   t e m p e r a t u r e   sensing  means  may  s u i t a b l y   be 

employed .  



For  conven ience   of  the  use r ,   the  thermocouple   may  be  c o n -  

nec ted   to  any one  of  a  number  of  d i g i t a l   readout   devices   ( n o t  

shown).  One  such  LED  r eadou t   device  is  manufac tu red   by  Omega  E n g i -  

n e e r i n g ,   S tamford ,   C o n n e c t i c u t .  

.  Threadab ly   engaged  to  the  downstream  end  of  "Y"  pipe  25 

is  pipe  member  24,  which,  in  t u r n ,   is  connected  to  male  adap to r   13 .  

Flow  meter  12  is  secured   to  the  downstream  edge  of  a d a p t o r  

13.  P r e f e r a b l y ,   the  flow  meter  12  is  of  the  type ,   known  in  the  a r t ,  

which  o p e r a t e s   by a  mechanical   d i f f e r e n t i a l   p r e s s u r e   method.  In  

t h i s   method,  d i f f e r e n t i a l   p r e s s u r e ,   produced  by  f l u i d   flow  through  a 

c a l i b r a t e d   f l o w  n o z z l e ,   is  sensed  by  an  a r rangement   of  opposed  b e l -  

lows.  D i sp l acemen t   of  the  bel lows  is  t r a n s f e r r e d   by  a  l o w - f r i c t i o n  

cam  and  l e v e r   to  a  r o t a r y   geared  movement  to  i n d i c a t e   flow  r a t e  

d i r e c t l y   on  the  dial  shown  in  the  drawing.  Opera t ion   of  the  d e p i c -  

ted  flow  meter  12  is  comple t e ly   mechan i ca l ,   with  no  e l e c t r i c a l   c o n -  

n e c t i o n s   being  r e q u i r e d   for  o p e r a t i o n .   One  such  flow  meter ,   p r e s -  

en t l y   p r e f e r r e d ,   is  made  by  RCM  I n d u s t r i e s   of  Orinda,   C a l i f o r n i a .  

I t   i s ,   of  c o u r s e ,   to  be  noted  t h a t   those  s k i l l e d   in  the  ar t   will   be 

c a p a b l e   of  u t i l i z i n g   o the r   types  of  flow  meters  in  c o n j u n c t i o n   w i t h  

the  i n v e n t i v e   ideas   he re in   d i s c l o s e d   and  c laimed.   All  such  

e q u i v a l e n t   flow  measur ing   devices   are  deemed  to  be  wi th in   the  s p i r i t  

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

A  f i r s t   flow  passage   is  de f ined   by  members  6,  9,  22,  25,  

24,  13,  12,  and  23.  During  passage  through  t h i s   f i r s t   flow  p a s s a g e ,  

t e m p e r a t u r e   and  flow  ra te   of  the  coo l ing   f l u i d   may  be  m e a s u r e d .  

When,  valve  11  is  in  the  "open"  p o s i t i o n ,   f l u i d   flow  is  d i v e r t e d  

from  the  f i r s t   flow  passage  and  i n s t e a d   is  caused  to  flow  through  a 

second  flow  pa s sage ,   de f ined   by  members  9,  20,  and  21.  This  " d i -  



v e r t i n g "   s t r u c t u r e   has  proven  qu i te   h e l p f u l ,   e s p e c i a l l y   when  t h e  

device   is  f i r s t   connec ted   to  the  d i s c h a r g e   end  of  the  d e s i r e d   c o o l -  

ing  l i n e  c i r c u i t .   In  th i s   way,  b a c k - p r e s s u r e   problems  which  may 

cause  sp ray ing   of  the  coo l ing   f l u i d   on  the  user  and/or   flow  m e t e r  

and  the rmocouple   damage  are  m i n i m i z e d .  

It  thus  becomes  appa ren t   t h a t   the  device  is  used  to  d e t e c t  

fou led   or  plugged  coo l ing   c i r c u i t s   of  the  b l a s t   fu rnace   coo l ing   s y s -  

tem.  In  t h i s   r e s p e c t ,   data  g e n e r a t e d   from  the  device  is  r e c o r d e d  

along  with  the  t e m p e r a t u r e   of  the  i n f l u e n t   coo l ing   f l u i d .   Heat  f l u x  

for  a  p a r t i c u l a r   c i r c u i t   or  for  all  c i r c u i t s  m a y   then  be  c a l c u l a t e d  

acco rd ing   t o :  

wherein  Q  =  heat   f l ux ,   b t u ' s   per  hour;  M  =  mass  water  flow,  lbs  p e r  

.hour  at  d i s c h a r g e ;   Cp  =  s p e c i f i c   heat  of  f l u i d ,   b t u ' s   per  lb.   p e r  
°F  (Note:  water  is  a p p r o x i m a t e l y   1  btu  per  lb  per  ° F ) ;  A t   =  t e m p e r a -  

tu re   d i f f e r e n c e   between  i n f l u e n t   and  d i s c h a r g e   in  °F .  

P r e d e t e r m i n e d   optimal  or  normal  values   may  be  d e t e r m i n e d  

by  r e c o r d i n g   the  above  pa ramete r s   for  a  given  c i r c u i t   or  c i r c u i t s  

over  a  given  per iod   of  t ime,  or  p r e d e t e r m i n e d   optimal  values   may  be 

de te rmined   by  ave rag ing   heat  f lux  f i g u r e s   for  all  c i r c u i t s ,   w i t h  

heat   f lux  va lues   for  p a r t i c u l a r   c i r c u i t s   f a l l i n g   below  t h i s   v a l u e  

being  p o s s i b l y   i n d i c a t i v e   of  abnormal  c i r c u i t   p luggage ,   e t c .  

As  is  now  a p p a r e n t ,   a  dec rease   in  flow,  t e m p e r a t u r e   o r  

heat   f lux ,   from  the  p r e d e t e r m i n e d   va lue ,   could  i n d i c a t e   such  p r o b -  



lems  as  p luggage  or  f o u l i n g .   An  i n c r e a s e   in  these   pa r ame te r s   may 
i n d i c a t e   reduced  p luggage  or  sca le   removal.   This  method  may  be  t h u s  

used  as  a  means  of  gauging  the  e f f i c a c y   of  c e r t a i n   chemical  a d d i -  

t i v e s   which  are  added  to  the  system  for  the  purpose  of  m i n i m i z i n g  

d e p o s i t i o n   and  f o u l i n g .  

Although  use  of  the  above  device  and  method  are  e s p e c i a l l y  

well  s u i t e d   for  m o n i t o r i n g   once - th rough   coo l ing   sys tems,   they  may 
a lso   b e  a d a p t e d   to  moni to r   open  r e c i r c u l a t i n g   systems  where  the re   i s  

a  d i s c h a r g e   of  coo l ing   f l u i d   into  a  r e s e r v o i r   or  the  l i k e .   The 

i n v e n t i o n   may  also  be  used  in  connec t i on   with  normally  c losed   r e c i r -  

c u l a t i n g   sys tems ,   i f   some  t y p e  o f   by-pass   d i s c h a r g e   plumbing  i s  

p r e s e n t . .  

The   f o r e g o i n g   d e t a i l e d   d e s c r i p t i o n   has  been  given  f o r  

c l e a r n e s s   of  u n d e r s t a n d i n g   only  and  no  unneces sa ry   l i m i t a t i o n s  

should   be  u n d e r s t o o d   t h e r e f r o m   as  m o d i f i c a t i o n s   will  be  obvious  t o  

those   s k i l l e d   in  the  a r t .  



1.  A p p a r a t u s   f o r   m e a s u r i n g   f o u l i n g   c h a r a c t e r i s t i c s  

of  a  c o o l i n g   c i r c u i t   l i n e   of  a  b l a s t   f u r n a c e   or  t h e  

l i k e ,   c h a r a c t e r i s e d   b y  

a)  F i r s t   c o n d u i t   means   d e f i n i n g   a  f i r s t   f l o w  

p a s s a g e ( 6 , 9 , 2 2 , 2 5 , 2 4 , 1 3 , 1 2   and  23)  a d a p t e d   to  p e r m i t  

c o o l i n g   f l u i d   f l o w   t h e r e t h r o u g h ;  

b)  T e m p e r a t u r e   s e n s i n g   means   (18)   c o n n e c t e d   t o  

s a i d   f i r s t   f l o w   p a s s a g e   (a)  f o r   m e a s u r i n g   t he   t e m p e r -  

a t u r e   of  s a i d   c o o l i n g   f l u i d ;  

c)  F l u i d   f l o w   s e n s i n g   means   (12)   c o n n e c t e d   t o  

s a i d   f i r s t   f l o w   p a s s a g e   f o r   m e a s u r i n g   t he   f l o w   r a t e   o f  

s a i d   c o o l i n g   f l u i d ;   a n d  

d)  C o u p l i n g   means   ( 5 , 1 9 )   f o r   c o n n e c t i n g   s a i d  

f i r s t   c o n d u i t   means   (a)  to  s a i d   c o o l i n g   c i r c u i t   l i n e .  

2.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  f u r t h e r  

c h a r a c t e r i s e d   by  b y - p a s s   c o n d u i t   means   (e)  ( 9 , 1 0 , 1 1 ,  

20  and  21)  c o n n e c t e d   to  s a i d   f i r - s t   c o n d u i t   means   ( a )  

and  d e f i n i n g   a  s e c o n d   f l o w   p a s s a g e ,   s a i d   b y - p a s s   c o n d u i t  

means   (e)  d i v e r t i n g   f l u i d   f l o w   f rom  s a i d   f i r s t   f l o w  

p a s s a g e   i n t o   s a i d   s e c o n d   f l o w   p a s s a g e .  
3.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   2,  c h a r a c t e r i s e d  

in  t h a t   s a i d   b y - p a s s   c o n d u i t   means   (e)  c o m p r i s e s   a  

- - m a n u a l l y   o p e r a b l e   o n - o f f   s o c k e t   b a l l   v a l v e   ( 1 1 ) .  

4.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   1,  2  or  3 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   c o u p l i n g   means   (d)  c o m p r i s e s  

a  r a t c h e t   a c t u a t e d   c l amp   means   ( 5 ) .  

5.  A p p a r a t u s   as  c l a i m e d   in  any  of  c l a i m s   1  to  4 ,  

c h a r a c t e r i s e d   in  t h a t   s a i d   t e m p e r a t u r e   s e n s i n g   m e a n s  

(b)  c o m p r i s e s   a  t h e r m o c o u p l e .  

6.  M e t h o d   f o r   d e t e r m i n i n g   the   f o u l i n g   c h a r a c t e r -  

i s t i c s   of  a  c o o l i n g   c i r c u i t   of  a  b l a s t   f u r n a c e   or  t h e  

l i k e ,   s a i d   c o o l i n g   c i r c u i t   b e i n g   of  t he   t y p e   h a v i n g   a  



c o o l i n g   f l u i d   i n f l u e n t   end   and  a  d i s c h a r g e   e n d ,   s a i d  

m e t h o d   b e i n g   c h a r a c t e r i s e d   by  t he   s t e p s   o f :  

a)  m e a s u r i n g   t he   t e m p e r a t u r e   of  s a i d   c o o l i n g  

f l u i d   a t   s a i d   i n f l u e n t   e n d ;  

b)  m e a s u r i n g   t he   t e m p e r a t u r e   of  s a i d   c o o l i n g  

f l u i d   a t   s a i d   d i s c h a r g e   e n d ;  

c)  m e a s u r i n g   t h e   f l o w   r a t e   of  s a i d   c o o l i n g  

f l u i d   a t   s a i d   d i s c h a r g e   e n d ;  

d)  c a l c u l a t i n g   t h e   h e a t   f l u x   f o r   s a i d   c i r c u i t  

in   a c c o r d a n c e   w i t h   t h e   f o r m u l a :  

Q  =  M C p  Δ t  

w h e r e i n   Q  =  h e a t   f l u x ,   b t u ' s   pe r   h o u r ;   M  =  mass   w a t e r  

f l o w ,   l b s   pe r   h o u r   a t   d i s c h a r g ;   Cp  =  s p e c i f i c   h e a t  

of  f l u i d ,   b t u ' s   pe r   l b .   pe r   °F;  t  =   t e m p e r a t u r e  

d i f f e r e n c e   b e t w e e n   i n f l u e n t   and  d i s c h a r g e   in  °F;  a n d  

e)  c o m p a r i n g   s a i d   h e a t   f l u x   v a l u e   d e r i v e d   f r o m  

s a i d   c a l c u l a t i n g   s t e p   (d)  to  a  p r e d e t e r m i n e d   v a l u e .  

7.  M e t h o d   as  c l a i m e d   in  c l a i m   6,  w h e r e i n   s a i d  

s t e p s   (b)  and  (c)  i n c l u d e   c o n n e c t i n g   t h e   a p p a r a t u s  

of  C l a i m   1  to  s a i d   c o o l i n g   c i r c u i t   d i s c h a r g e   e n d .  

8.  M e t h o d   as  c l a i m e d   in  c l a i m   6  or  7,  c h a r a c t e r i s e d  

in  t h a t   s a i d   m e a s u r e m e n t   and  s a i d   c a l c u l a t i o n   a r e  

e f f e c t e d   in  r e s p e c t   of  e a c h   of  a  p l u r a l i t y   of  s a i d  

c o o l i n g   c i r c u i t s   d i s p o s e d   in  s a i d   b l a s t   f u r n a c e   or  t h e  

l i k e ,   w h e r e i n   e a c h   s a i d   c o o l i n g   c i r c u i t   c o m p r i s e s   a  . 
c o o l i n g   f l u i d   i n f l u e n t   end  and  a  d i s c h a r g e   e n d .  
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