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54)  Method  of  burning  a  liquid  fuel  and  water  mixture  as  gaseous  fuel  and  apparatus  for  carrying  out  said  method. 

Apparatus  for  burning  liquid  fuels  in  a  gaseous  fuel 
burner,  comprising  means  (12)  for  mixing  the  liquid  fuel  (14) 
and  liquid  water (16) in  a  selected  ratio,  subsequently  heating 
the  mixture  of water  and  liquid  fuel  until  both  the  water  and 
the fuel  are vaporized  and  then  passing the  mixture  of  hotfuel 
vapor  and  steam  to  the  gaseous  fuel  burner. 





T h i s   i n v e n t i o n   l i e s   in  the   f i e l d   of  l i q u i d   a n d  
g a s e o u s   f u e l s   and  f u e l   b u r n e r s .   More  p a r t i c u l a r l y ,   i t  
c o n c e r n s   the   m e t h o d   of  p r e p a r a t i o n   or  m o d i f i c a t i o n   o f  
l i q u i d   f u e l s   so  t h a t   t h e y   can  be  v a p o r i z e d   and  b u r n e d   in  a  
n o r m a l   g a s e o u s   f u e l   b u r n e r .  

S t i l l   more  p a r t i c u l a r l y ,   i t   c o n c e r n s   t h e   d e s i g n  
of  a  f u e l   s y s t e m   w h i c h   can  u t i l i z e   l i q u i d   f u e l   and  w a t e r  
to  p r o v i d e   a  v a p o r i z e d   l i q u i d   f u e l - s t e a m   f u e l ,   w h i c h   c a n  
be  b u r n e d   a l t e r n a t i v e l y   w i t h   a  n a t u r a l   gas  f u e l   in  a  
g a s e o u s   f u e l   b u r n e r .  

B e c a u s e   of   t h e   r e s t r i c t e d   s u p p l i e s   of  g a s e o u s  
f u e l s ,   w h i c h   a r e   p a r t i c u l a r l y   in  t h e   n a t u r a l   gas  c a t e g o r y ,  
i t   is  at   t i m e s   n e c e s s a r y   to  b u r n   l i q u i d   f u e l   as  r e p l a c e -  
m e n t s   f o r   t h e   n o r m a l l y   u s e d   g a s e o u s   f u e l s .   T h i s   i s  
common  where   f u e l   b u r n i n g   is  r e q u i r e d   in  t he   o p e r a t i o n   o f  
i n d u s t r y   such   as  t h e   c h e m i c a l   and  p e t r o l e u m   i n d u s t r i e s ,  
w h e r e   a l l   f u n c t i o n s   of  p r o d u c t i o n   r e s u l t   f rom  t h e   a p p l i c a -  
t i o n   h e a t   in  some  m a n n e r   or  o t h e r .  

The  p r i o r   a r t   i s   i l l u s t r a t e d   by  the   two  U . S .  
P a t e n t s   4 , 0 2 5 , 2 8 2   and  4 , 1 4 8 , 5 9 9 .   H o w e v e r ,   w h i l e  t h e y  
d e s c r i b e   c e r t a i n   u s e f u l   p r o c e s s e s ,   t h e r e  i s   a  much  l a r g e r  
f i e l d   of   a p p l i c a t i o n   of  t h e   p r i n c i p l e   of  l i q u i d   f u e l  
v a p o r i z a t i o n ,   w h i c h   is   in  t h e   a r e a   of  t he   v a p o r i z a t i o n   o f  
m i x t u r e s   of  l i q u i d   f u e l   and  w a t e r ,   w h i c h  i s   d e s c r i b e d   i n  
t h i s   a p p l i c s t i o n .  



I t   i s   t h e   p r i m a r y   o b j e c t   of  t h i s   i n v e n t i o n   t o  

p r o v i d e   a  f u e l   b u r n i n g   s y s t e m   in  w h i c h   e i t h e r   g a s e o u s   o r  

g a s i f i e d   l i q u i d   f u e l s   can  be  b u r n e d   a l t e r n a t i v e l y   w i t h o u t   -  x 

any  c h a n g e   in  b u r n i n g   e q u i p m e n t .  

I t   i s   a  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to  p r o -  
v i d e   a  l i q u i d   f u e l   b u r n i n g   s y s t e m   in  wh ich   the  l i q u i d   i s  

f u l l y   v a p o r i z e d   so  t h a t   i t   i s   h a n d l e d   i d e n t i c a l l y   to  a 

g a s e o u s   f u e l .  

T h e s e   and  o t h e r   o b j e c t s   a r e   r e a l i z e d ,   and  t h e  

l i m i t a t i o n s   of  t h e   p r i o r   a r t   a r e   o v e r c o m e   in  t h i s  

i n v e n t i o n ,   by  p r o v i d i n g   means   f o r   m i x i n g   t h e   l i q u i d   f u e l  

w i t h   w a t e r   in  a  s e l e c t e d   r a t i o ,   h e a t i n g   t he   m i x t u r e   o f  

l i q u i d   f u e l   p l u s   w a t e r   u n t i l   t he   l i q u i d   and  w a t e r   b o t h  

are   f u l l y   v a p o r i z e d   and  p r o d u c e   a  m i x t u r e   of  c o m b u s t i b l e  

f u e l   v a p o r   and  s t e a m .   T h i s   gas   can  t h e n   be  f l o w e d  

a l t e r n a t i v e l y   w i t h   t h e   n o r m a l   g a s e o u s   f u e l   in  t he   c o m b u s -  

t i o n   a p p a r a t u s .  
The  l i q u i d   f u e l   can  be,   f o r   e x a m p l e ,   s o m e t h i n g  

l i k e   h o u s e   h e a t i n g   o i l   or   d i s t i l l a t e   wh ich   can  b e  

d i r e c t l y   mixed   w i t h   t h e   w a t e r   or  can  be  e m u l s i f i e d ,   so  a s  

to  m a i n t a i n   a  c o n s t a n t   r a t i o   m i x t u r e .   The  h e a t i n g   can  b e  

a c c o m p l i s h e d   in   a  f u e l - f i r e d   f u r n a c e ,   or  in  a  h e a t  

t r a n s f e r   a p p a r a t u s ,   u t i l i z i n g   w a s t e   h e a t   from  any  a v a i l -  

a b l e   s o u r c e   f o r   t h e   s u p p l y   of  h e a t   f o r   l i q u i d   v a p o r i z a t i o n .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   f u r t h e r ,   by  way  o f  

example,  with  r e f e r e n c e   to  the  accompanying  drawings,   in  w h i c h : -  

Fig.  1  is  a  d iagrammat ic   c r o s s - s e c t i o n a l   view  of  one 
embodiment  of  the  i n v e n t i o n ;   and 

Fig.  2  is  a  block  diagram  of  a  s i m p l i f i e d   embodiment  o f  

the  i n v e n t i o n .  



R e f e r r i n g   now  to  the   d r a w i n g s   and ,   in  p a r t i c u -  
l a r ,   to  FIGURE  1,  t h e r e   is  i n d i c a t e d   by  the   n u m e r a l   10 

one  e m b o d i m e n t   of  t h e   i n v e n t i o n .   A  s t r e a m   of  w a t e r   i n d i -  

c a t e d   by  the   a r r o w   16,  and  a  s t r e a m   of  l i q u i d   f u e l   i n d i -  

c a t e d   by  the   a r r o w   14,  f low  i n t o   a  m i x e r   12,  w h i c h   may  b e  

of  c o n v e n t i o n a l   d e s i g n .   The  o u t l e t   of  t he   m i x e r   f l o w s  

i n t o   an  e m u l s i f i e r   18  to  p r o v i d e   an  e m u l s i o n   of  t h e   l i q u i d  

f u e l   and  w a t e r ,   w h i c h   f l o w s   by  p i p e   22  i n t o   a  h e a t e r   u n i t  

i n d i c a t e d   g e n e r a l l y   by  t h e   n u m e r a l   24.  T h i s   can  be  o f  

c o n v e n t i o n a l   d e s i g n .   I l l u s t r a t e d   in   FIGURE  1  is   a  f u e l -  

f i r e d   f u r n a c e   26,  w h i c h   is  shown  s c h e m a t i c a l l y ,   s u p p l i e d  
w i t h   f u e l   30  t h r o u g h   a  b u r n e r   o p e n i n g   28  and  s u p p l i e d  
c o m b u s t i o n   a i r   32,  to  p r o v i d e   a  h i g h   t e m p e r a t u r e   e n v i r o n -  

ment   i n s i d e   t he   f u r n a c e   2 6 , t o   h e a t   t h e   i n t e r n a l   p i p i n g  

36,  t h r o u g h   w h i c h   t he   e m u l s i o n   of  l i q u i d   f u e l   and  w a t e r  

f l o w s .   The  ho t   p r o d u c t s   of  c o m b u s t i o n   f l ow  in  a c c o r d a n c e  

w i t h   a r r o w   34  up  t h e   s t a c k   35  in  a  c o n v e n t i o n a l   m a n n e r .  

The  o u t l e t   p i p e   38  now  c o n t a i n s   a  f l ow  of  v a p o r -  
i z e d   l i q u i d   f u e l   and  s t e a m ,   w h i c h   goes   t h r o u g h   a n  

a p p r o p r i a t e   v a l v e   40,  and  to  a  gas  f u e l   l i n e   42  to  t h e  

b u r n e r .   At  t h e   j u n c t i o n   41  a n o t h e r   p i p e   j o i n s   t he   l i n e  

42  and  s u p p l i e s   a  g a s e o u s   f u e l   44  t h r o u g h   a  v a l v e   46.  By 

c o n t r o l l i n g   v a l v e s   40  and  46  e i t h e r   one  or  t h e   o t h e r  

s o u r c e   of  g a s e o u s   f u e l   can   be  p r o v i d e d   to  t he   b u r n e r s .  

By  c o n t r o l l i n g   t h e   r a t i o   of   l i q u i d   w a t e r   t o  

l i q u i d   f u e l ,   t h e   p a r t i a l   p r e s s u r e   of  f u e l   v a p o r   to  w a t e r  

v a p o r   can  be  c h a n g e d   a n d ,   t h u s ,   t h e   t e m p e r a t u r e   and  t h e  

h e a t   c o n t e n t   of  t he   g a s e o u s   f u e l   can  be  made  any  d e s i r e d  

v a l u e .  

O p e r a t i o n w i s e ,   t he   l i q u i d   v a p o r   and  s t e a m   i n  

l i n e   38  i s   o p e r a t i v e l y   s i m i l a r   to  t h a t   of  t h e   c o n v e n t i o n a l  

g a s e o u s   f u e l   44,  so  t h a t   no  m e c h a n i c a l   c h a n g e s   a r e  

r e q u i r e d   in  t h e   b u r n e r   to   s u b s t i t u t e   one  f u e l   f o r   t h e  

o t h e r .  



In  FIGURE  2  is  shown  a  m o d i f i c a t i o n   of  t h e  

s y s t e m   10  of  FIGURE  1,  w h e r e i n   t h e   l i q u i d   f u e l   14  a n d  

w a t e r   16  a r e   s i m p l y   m i x e d   in  t h e   m i x e r   12,  to  form  a  m i x -  

t u r e   of  d r o p l e t s   of  o i l   and  w a t e r   to  f low  by  l i n e   50  t o  

t h e   h e a t e r   5 2 .  

In  t h i s   c a s e   t he   h e a t e r   i s   shown  as  a  h e a t  

t r a n s f e r   d e v i c e ,   r a t h e r   t h a n   a  f u r n a c e   as  in  FIGURE  1 .  

T h i s   h e a t   t r a n s f e r   d e v i c e   can  u t i l i z e   w a s t e   h e a t   from  h o t  

b y p r o d u c t s   of  o t h e r   p r o c e s s   o p e r a t i o n s ,   t h a t   may  be  a v a i l -  

a b l e .   T h i s   i s   shown  s c h e m a t i c a l l y   as  a  h e a t   t r a n s f e r  

d e v i c e   w i t h   h o t   f l u i d   e n t e r i n g   at  t h e   top   t h r o u g h   l i n e   54 
and  p a s s i n g   down  in  c o u n t e r f l o w   t h r o u g h   t h e   m i x t u r e   o f  

l i q u i d   f u e l   and  w a t e r ,   w h i c h   is  f l o w i n g   up  t h r o u g h   p i p e s  
in  t he   i n t e r i o r   of  t he   h e a t e r .   The  c o o l e d   ho t   f l u i d  

l e a v e s   t h r o u g h   l i n e   5 6 .  

The  h e a t e d   g a s e o u s   f u e l   now  a t   a  h i g h   e n o u g h  

t e m p e r a t u r e   to  v a p o r i z e   b o t h   t h e   l i q u i d   f u e l   and  t h e   w a t e r ,  
l e a v e s   by  l i n e   38  to  go  to   t he   b u r n e r   as  in  FIGURE  1 .  

I t   is   c l e a r   t h a t   t he   l i q u i d   f u e l   and  w a t e r   c a n  
be  mixed   in  v a r i o u s   ways .   They  can  be  s i m p l y   m i x e d ,   o r  

t h e y   can  be  e m u l s i f i e d   to  form  d r o p l e t s   of  one  l i q u i d   i n  

t he   o t h e r .   The  l i q u i d   f u e l   can  be  a t o m i z e d   and  t h e n   m i x e d ,  

o r   e m u l s i f i e d   w i t h   t h e   w a t e r ,   e t c .   The  h e a t i n g   can  b e  

c a r r i e d   o u t   in   any  s u i t a b l e   m a n n e r   so  as  to  p r o v i d e   t h e  

p r o p e r   t e m p e r a t u r e   and  p r e s s u r e ,   and  so  as  to  most   e f f i -  

c i e n t l y   u t i l i z e   h e a t   t h a t   i s   a v a i l a b l e .  

What   has   been   d e s c r i b e d   i s   a p p a r a t u s   f o r   t h e   u s e  

of   a  m i x t u r e   of  l i q u i d   w a t e r   and  d i s t i l l a t e   o i l   p r i o r   t o  

v a p o r i z a t i o n ,   f o r   s u p p l y   of   d i l u e n t   v a p o r   f o r   t h e   v a p o r -  
i z e d   d i s t i l l a t e   a f t e r   t h e   v a p o r i z a t i o n   of  b o t h   o i l   a n d  

w a t e r ,   f o r   use   as  a  s u b s t i t u t e   g a s e o u s   f u e l ,   in  b u r n e r s  

d e s i g n e d   f o r   t h e   b u r n i n g   o f   g a s e o u s   f u e l s   o n l y .   In  t h i s  

c a s e ,   t h e   i n i t i a l l y   l i q u i d   w a t e r   i s   v a p o r i z e d   a l o n g   w i t h  

the   d i s t i l l a t e   f u e l   o i l ,   to  s e r v e   as  d i l u e n t   g a s  f o r  

v a p o r i z e d   l i q u i d   d i s t i l l a t e   o i l .   D i l u t i o n   of   v a p o r i z e d  

d i s t i l l a t e   o i l   i s   d e m a n d e d   f o r   s u i t a b l e   g a s e o u s   f u e l  

c a l o r i f i c   c o n t r o l ,   s i n c e   v a p o r i z e d   w a t e r   i s   f r e e   o f  



c a l o r i f i c   v a l u e .   S e l e c t e d   q u a n t i t i e s   of  o i l   and  w a t e r  

a r e   s i m u l t a n e o u s l y   v a p o r i z e d   fo r   c r e a t i o n   of  a  p r e f e r r e d  

g a s e o u s   f u e l .   The  v a p o r i z a t i o n   o c c u r s   at  a  s e l e c t e d ,   a n d  

s u i t a b l e   p r e s s u r e   and  v a p o r i z a t i o n   t e m p e r a t u r e ,   w h i c h   i s  

s u i t e d   to  t h e   v a p o r i z a t i o n   p r e s s u r e ,   in  o r d e r   to  m a i n t a i n  

b o t h   o i l   and  w a t e r   in  v a p o r - p h a s e   at   d e l i v e r y   to  b u r n e r s .  

P a r t i a l - p r e s s u r e s   of   o i l   v a p o r   and  w a t e r   v a p o r   d e t e r m i n e  

r e q u i r e d   t e m p e r a t u r e ,   as  is  w e l l - k n o w n   to  t h o s e   v e r s e d   i n  

t h e   a r t .  

An  e x e m p l a r y   c o n d i t i o n   m i g h t   be  t he   c r e a t i o n   o f  

910  b t u / c u   f t   s u b s t i t u t e   gas  a t   15#  g a u g e   p r e s s u r e   ( 2 9 . 7 #  
A b s o l u t e   P r e s s u r e )   u s i n g   a  p r i o r   m i x t u r e   of  t y p i c a l   #2 
o i l   ( h o u s e   h e a t i n g   o i l )   and  l i q u i d   w a t e r   at   a  f i n a l  

v a p o r i z a t i o n / s u p e r h e a t   t e m p e r a t u r e   of   400F  ( 2 0 4 . 4 C ) .   T h e  

c a l o r i f i c   v a l u e   a t   910  b t u / c u   f t   i s   b a s e d   on  t h e   L o w e r  

H e a t i n g   V a l u e   of   t h e   f u e l .   The  d a t a ,   p e r   m i l l i o n   b t u   f o r  

gas  f u e l   p r o d u c e d   p e r   h o u r   a r e   as  f o l l o w s :  

#2  o i l  -   7 . 5 2 4   g a l l o n s   or   5 4 . 9 #   o r  
92 .4   SCF  as  v a p o r .  

W a t e r  -   5 . 7 1 7   g a l l o n s   or   4 7 . 6 8 $   o r  
1 , 0 0 6   SCF  as  v a p o r .  

T o t a l   gas  v o l u m e  -   S C F  -   1 , 0 9 8 . 4  
SCF/MM  b t u / h r   a t   4 0 0 F  
( 2 0 4 . 4 C )  

The  d a t a ,   as  p r e s e n t e d   a r e   f o r   910  b t u / S C F   LHV 

gas  o n l y ,   and  t h e y   w i l l   be  m o d i f i e d   as  r e q u i r e d   fo r   o t h e r  

c a l o r i f i c   v a l u e   g a s .   T h e   f u n c t i o n   of   o i l - w a t e r   e m u l s i f i -  

c a t i o n ,   as  shown  in  FIGURE  1,  can  be  c a r r i e d   o u t   by  a  

t y p i c a l   i m p e l l e r - d r i v e n   c e n t r i f u g a l   pump  to  e x c e l l e n t  

a d v a n t a g e ,   b u t   a  t y p i c a l   g e a r - p u m p   i s   n o t   c o n s i d e r e d   a s  

s a t i s f a c t o r y .  

I t   i s   n o t e d   t h a t   t h e   c o n f i g u r a t i o n   of  FIGURE  2 

i s   t he   p r e f e r a b l e   fo rm  of  ou r   i n v e n t i o n   b e c a u s e   no  f u e l  

f i r i n g   is   r e q u i r e d ,   and  t h e   use   of  some  a l r e a d y   h e a t e d  

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

a v o i d i n g   d i r e c t - f i r i n g   f o r   v a p o r i z a t i o n .   The  h e a t - m e d i u m  

f l u i d   can  be  any  w h i c h   i s   a v a i l a b l e   a t   s u i t a b l e   t e m p e r a -  

t u r e   l e v e l   f o r   o i l - w a t e r   v a p o r i z a t i o n   a t   r e q u i r e d   p r e s s u r e ,  



w h i c h   i s   t y p i c a l l y   t h e   c a s e .   The  c o n f i g u r a t i o n   of  FIGURE 

1  is   n e x t   in  t h e   o r d e r   of  d e c r e a s i n g   p r e f e r a b i l i t y   due  t o  

r e q u i r e d   f u e l   u s a g e .   The  s i m p l e   m i x e r   of  FIGURE  2  can  b e  

a p p l i e d   to  e i t h e r   FIGURES  1  or  2,  s i n c e   t h e   f u n c t i o n   o f  

o i l - w a t e r   e m u l s i f i c a t i o n   p r i o r   to  v a p o r i z a t i o n   is   n o t   p r e -  
s e n t .  

Al l   e m b o d i m e n t s   shown  make  use   of   t h e   i d e n t i c a l  

p h e n o m e n o n , w h i c h   i s   p r e - m i x t u r e   of  t h e   l i q u i d s ,   o i l   a n d  

w a t e r ,   p r i o r   to  v a p o r i z a t i o n   and  s u p e r h e a t ,   f o r   use   a s  
s u b s t i t u t e   g a s e o u s   f u e l .   In  t he   e m u l s i f i c a t i o n   s t e p   t h e  

p h a s e   of   v a p o r i z a t i o n   i s   i m p r o v e d .  



1.  A  method  of  burn ing   l i q u i d   fue l   in  an  a p p a r a t u s  e q u i p p e d   with  a t  

l e a s t   one  o r i f i c e   for   normal ly   b u r n i n g   c o m b u s t i b l e   gases ,   c h a r a c t e r i z e d  

in  t h a t   l i q u i d   fue l   is  mixed  with  w a t e r   in  a  s e l e c t e d   r a t i o   a f t e r   which  

i t   is  hea ted   u n t i l   the  l i q u i d   fue l   and  the  wate r   both  v a p o r i z e ,   whereby  

a  m ix tu re   of  c o m b u s t i b l e   f u e l - v a p o r   and  steam  is  formed,  the  m i s tu r e   o f  

c o m b u s t i b l e   vapor   plus  steam  u n d e r  p r e s s u r e   then  be ing   flowed  t h r o u g h  

the  o r i f i c e   i n to   a  b u r n e r .  

2.  A  method  a c c o r d i n g   to  claim  1,  c h a r a c t e r i z e d   in  t ha t   the  l i q u i d   f u e l  

is  a tomized   i n to   small   d r o p l e t s   p r i o r   to  i t s   a d m i x t u r e   with  w a t e r .  

3.  A  method  a c c o r d i n g   to  claim  1  or  2,  c h a r a c t e r i z e d   in  tha t   the  m i x t u r e  

of  l i q u i d   f ue l   d r o p l e t s   and  water   are   e m u l s i f i e d   p r i o r   to  t h e i r   h e a t i n g .  

4.  An  a p p a r a t u s   fo r   bu rn ing   l i q u i d   f u e l   in  a  b u r n e r   des igned   for   g a s e o u s  

f u e l ,   c h a r a c t e r i z e d   in  t ha t   t he re   is  a  s i n g l e   o r i f i c e   gaseous  fue l   b u r n e r ,  

a  d e v i c e   (12)  fo r   mixing  the  l i q u i d   f u e l ( 1 4 )   with  wa te r   (16)  in  a  s e l e c t e d  

r a t i o ,   a  h e a t e r   (26  or  52)  for   h e a t i n g   the  mix ture   of  l i q u i d   fue l   p l u s  

w a t e r   u n t i l   the  l i q u i d   fuel   and  the  w a t e r   v a p o r i z e   whereby  a  mixture   o f  

c o m b u s t i b l e   f u e l - v a p o r   and  steam  is  formed  and  a  dev i ce   (38',  40,  42)  f o r  

f l o w i n g   the  mix tu re   of  combus t ib l e   f u e l - v a p o r   plus  steam  under  p r e s s u r e  

t h r o u g h   the  gaseous  fue l   b u r n e r .  

5.  An  a p p a r a t u s   a c c o r d i n g   to  c la im  4,  c h a r a c t e r i z e d   in  t ha t   a  d e v i c e  

(12,  Fig.   2)  is  p rov ided   for   a t o m i z i n g   the  l i q u i d   f ue l   into  smal l   d r o p l e t s .  

6.  An  a p p a r a t u s   a c c o r d i n g   to  claim  4  or  5,  c h a r a c t e r i z e d   in  t h a t   a  d e v -  

ice   (18)  is  p r o v i d e d   fo r   e m u l s i f y i n g  t h e   m ix tu re   of  l i q u i d   fue l   d r o p l e t s  

and  w a t e r .  

7.  An  a p p a r a t u s   a c c o r d i n g   to  c la im  4,  5  or  6,  c h a r a c t e r i z e d   in  t h a t  

the  h e a t i n g   dev ice   (26)  comprises   a  f u e l   f i r e d   h e a t e r .  

8.  An  a p p a r a t u s   a c c o r d i n g   to  claim  4,  5  or  6,  c h a r a c t e r i z e d   in  t h a t  

the  h e a t i n g   dev ice   (52)  comprises   a  hea t   t r a n s f e r   a p p a r a t u s .  

9.  An  a p p a r a t u s   a c c o r d i n g   to  claim  8,  c h a r a c t e r i z e d   in  t ha t   the  h e a t  

t r a n s f e r   a p p a r a t u s   (52)  is  adap ted   to  use  the  heat   from  a l r e a d y   h e a t e d  

p r o c e s s   r e l a t e d   f l u i d .  
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