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©  A  method  and  an  appliance  for  the  utilization  of  the  heat  of  condensation  of  the  water  content  of  flue  gases. 
@  In  a  method  and  a  device  for  the  recovery  of  heat  of 
condensation  of  aqueous  vapours  in  flue  gases  from  the 
boilers  of  a  district  heating  plant,  in  which  a  steam-driven 
heat  pump  is  used  for  the  transmission  of  the  heat  content  of 
the  flue  gases  to  the  return  water  from  the  consumer  circuit 
before  the  water  is  sent  back  to  the  boilers,  a  heat  pump  is 
used  which  has  two  steps.  The  first  step  is  operated  at  a 
lower  temperature  than  the  second  step.  Discharge  steam 
from  the  first  step  is  utilized  for  the  operation  of  the  second 
step.  The  first  step  comprises  a  compressor  heat  pump 
driven  by  a  steam  expansion  engine.  The  second  step 
comprises  a  steam  jet  compressor.  There  is  obtained  a 
comparatively  low  temperature  at  the  giving-off  of  the  heat 
of  condensation  recovered,  which  is  a  condition  for  achiev- 
ing  a  high  effect  factor  necessary  for  obtaining  reasonable 
installation  costs. 



F i e l d   of  the   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   a  m e t h o d   f o r   t h e  

r e c o v e r y   of  h e a t   of  c o n d e n s a t i o n   f rom  s t e a m   to  w a t e r  

in  f l u e   g a s e s   f rom  t he   b o i l e r s   of   a  h o t   w a t e r   s u p p l y   p l a n t ,  

e . g .   a  d i s t r i c t   h e a t i n g   p l a n t ,   in  w h i c h   m e t h o d   a  s t e a m - d r i v e n  

h e a t   pump  is   u s e d   f o r   t h e   t r a n s m i s s i o n   of  t he   h e a t   c o n t e n t  
of  the   f l u e   gas  to  t he   r e t u r n   w a t e r   f o r   t he   s a i d   p l a n t  
b e f o r e   i t   i s   c o n v e y e d   b a c k   i n t o   t h e   b o i l e r s .  

T e c h n i c a l   B a c k g r o u n d   of  t h e   I n v e n t i o n  

The  a m o u n t   of  h e a t   t h a t   can  be  r e c o v e r e d   f rom  the   f l u e  

gas  in  t he   form  of  h e a t   of  c o n d e n s a t i o n   i s   of  t h e   o r d e r   o f  

m a g n i t u d e   5-6%  of  t he   c a l o r i f i c   v a l u e   when  f i r i n g   w i t h  

o i l   and  12-13%  of  t he   c a l o r i f i c   v a l u e   when  f i r i n g   w i t h  

m e t h a n e   g a s .   To  t h i s   a m o u n t   of  h e a t   must   be  a d d e d   t h e  

t h e r m a l   e n e r g y   s u p p l i e d   to   t h e   h e a t   pump.  T h i s   t h e r m a l  

e n e r g y   f i r s t   and  f o r e m o s t   d e p e n d s   on  the   e n e r g y   f a c t o r   o f  

t he   h e a t   pump,  w h i c h   in  a  m e c h a n i c a l l y   d r i v e n   h e a t   p u m p  

may  amoun t   to  v a l u e s   b e t w e e n   3  and  4  at  t he   t e m p e r a t u r e s  

p r e v a i l i n g   at  jumps   of  t e m p e r a t u r e   b e t w e e n   20°C  and  5 0 ° C .  

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

of  a  l o w e r   e n e r g y   f a c t o r ,   to   u t i l i z e   a  b i g g e r   p o r t i o n   o f  

t he   h e a t   of  c o n d e n s a t i o n   in   t h e   H20  c o n t e n t s   of  t h e  

f l u e   g a s ,   and  v i c e   v e r s a .   I t   i s   a l w a y s   n e c e s s a r y ,   h o w e v e r ,  

to  have   at   d i s p o s a l   a  d i s c h a r g e   t e m p e r a t u r e   f rom  t h e   h e a t  

pump  w h i c h   i s   a t   l e a s t  1 0  C   h i g h e r   t h a n   t h e   t e m p e r a t u r e  

of  t he   r e t u r n  w a t e r   to  be  h e a t e d .  

I f   t h e   h e a t   pump  i s   d r i v e n   by  means  of  e l e c t r i c  

e n e r g y   s u p p l i e d   f rom  o u t s i d e   t h e   amoun t   of  h e a t   to   b e  

c o n v e y e d   to   t he   r e t u r n   i s   i n c r e a s e d ,   d e p e n d i n g   on  t h e  

t e m p e r a t u r e   of  t he   r e t u r n   w a t e r ,   by  30  to  50%  of  t h e  

amount   of  h e a t   r e c o v e r e d .   T h i s   means   t h a t   t he   r e s u l t i n g  

t e m p e r a t u r e   i n c r e a s e   in  t h e   r e t u r n   w a t e r   w i l l   a m o u n t   t o  

up  to  18%  of  t h e   t o t a l   t e m p e r a t u r e   i n c r e a s e   f rom  t h e  

r e t u r n   w a t e r   to   t he   s u p p l y   w a t e r   in  t he   d i s t r i c t   h e a t i n g  

p l a n t .   S i n c e ,   h o w e v e r ,   e l e c t r i c   e n e r g y   is   c o n s i d e r a b l y  

more  e x p e n s i v e   t h a n   e n e r g y   f rom  t h e   f u e l   e m p l o y e d   in  t h e  

b o i l e r s   of  t he   d i s t r i c t   h e a t i n g   p l a n t ,   i t   is   d e s i r a b l e   t h a t  



t he   d r i v i n g   e n e r g y   f o r   t he   h e a t   pump  i s   s u p p l i e d   by  t h e  

b o i l e r s   of  t he   p l a n t   b e c a u s e   a l l   w a s t e   h e a t   is   u t i l i z e d  

w i t h o u t   l o s s .   S t eam  e n e r g y   c a n n o t ,   h o w e v e r ,   be  u t i l i z e d  

w i t h   t h e   same  e n e r g y   f a c t o r   as  e l e c t r i c   e n e r g y ,   w h e r e b y  

the   h e a t   to   be  c o n v e y e d   to   t he   r e t u r n   w a t e r   i s   to  b e  

i n c r e a s e d   r e l a t i v e   t h e   amoun t   of  h e a t   r e c o v e r e d .   As  t h e  

i n c r e a s e d   s u p p l y   to   t h e   r e t u r n   w a t e r   r e n d e r s   a  h i g h e r  

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

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

p r o b l e m s   may  r e s u l t   w i t h   s u c h   p l a n t   w i t h   r e s p e c t   to   t h e  

u t i l i z a t i o n   of  t h e   h e a t   of  c o n d e n s a t i o n .  

B r i e f   D e s c r i p t i o n   of  t h e   I n v e n t i o n  

I t   i s   t h e   o b j e c t   of   t h e   i n v e n t i o n   to   r e d u c e   t h e s e  
p r o b l e m s .  

A c c o r d i n g   to   one   a s p e c t   of  t h e   i n v e n t i o n   t h e r e   i s  
p r o v i d e d  a   m e t h o d   f o r   t h e   r e c o v e r y   of   h e a t   of  c o n d e n s a t i o n  
l i b e r a t e d   by  t h e   c o n d e n s a t i o n   i n t o   w a t e r   of  s t e a m   c o n t a i n e d  
in  f l u e   g a s e s   f rom  t h e   b o i l e r s   of  a  h o t   w a t e r   s u p p l y  
p l a n t   in  wh ich   a  s t e a m - d r i v e n   h e a t   pump  i s   u sed   f o r   t h e  
t r a n s m i s s i o n   of  t h e   h e a t   c o n t e n t  o f   t h e   f l u e   gas  to  t h e  
r e t u r n   w a t e r   f o r   t h e   s a i d   p l a n t   b e f o r e   i t   is  c o n v e y e d  
back   i n t o   t he   b o i l e r s ,   c h a r a c t e r i z e d   in  t h a t  
(a)  t h e   h e a t   pump  c o n t a i n s   two  s t e p s   of  w h i c h   the   f i r s t  

s t e p   c o m p r i s e s   a  c o m p r e s s o r   h e a t   pump  d r i v e n   by  a  s t e a m  
e x p a n s i o n   e n g i n e   and  t h e   s e c o n d   s t e p   c o m p r i s e s   a  s t e a m  
j e t   c o m p r e s s o r ,  

(b)  t h e   f i r s t   s t e p   i s   o p e r a t i n g   at   a  l o w e r   t e m p e r a t u r e  
t h a n   the   s e c o n d   s t e p .  

In  the   t e m p e r a t u r e   r a n g e   in  w h i c h   t h e   h e a t   pump 
f u n c t i o n   is  to  t a k e   p l a c e ,   t h e   c o m p r e s s o r   h e a t   pump  s t e p  
and  t h e   s t e a m   j e t   c o m p r e s s o r   s t e p   s u p p l e m e n t   each   o t h e r  
in  a  s u r p r i s i n g l y   a d v a n t a g e o u s   m a n n e r   s i n c e   the   b i g g e s t  

jump  of  t e m p e r a t u r e   i s   c a u s e d   by  the   a i d   of  the   c o m p r e s s o r  
h e a t   pump,  w h e r e a s   t h e   s e c o n d   s t e p ,   in  w h i c h   the   jump  o f  



t e m p e r a t u r e   i s   s m a l l e r ,   is  c a u s e d   by  the   s t e a m   j e t  

c o m p r e s s o r   w h i c h   is  more  a d v a n t a g e o u s   w i t h   r e s p e c t   t o  

p r e l i m i n a r y   e x p e n s e s .   As  the   s t e a m   e x p a n s i o n   e n g i n e   can  b e  

d r i v e n   as  a  c o u n t e r - p r e s s u r e   e n g i n e ,   t he   m e c h a n i c a l   p a r t  
of  t he   h e a t   pump  can  be  made  c o m p a c t .   As  b o t h   of  t he   s t e p s  

in  t he   h e a t   pump  a r r a n g e m e n t   a r e   u t i l i z e d   in  t he   r a n g e s   i n  

wh ich   they  f u n c t i o n   e f f i c i e n t l y , a   good  e f f i c i e n c y   i s  

o b t a i n e d ,   w h e r e b y   one  can  e x p e c t   a  m o d e r a t e   e n e r g y   s u p p l y  

from  t he   c o n d e n s e d   d r i v i n g   s t e a m   and  a  m o d e r a t e   d e l i v e r y  

t e m p e r a t u r e   of  t he   r e c o v e r e d   amoun t   of  h e a t .  

A c c o r d i n g   to  a  s p e c i a l   e m b o d i m e n t   of  the   i n v e n t i o n  

the   d i s c h a r g e   s t e a m   f rom  the   f i r s t   s t e p   is   u t i l i z e d   a t  

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

w h e r e b y   a  s e p a r a t e   c o n d e n s e r   f o r   t he   f i r s t   s t e p   may  b e  

e l i m i n a t e d .  

A c c o r d i n g   to  a  p r e f e r r e d   e m b o d i m e n t   of  t he   i n v e n t i o n  

the   two  s t e p s   a r e   p l a c e d   in  p a r a l l e l ,   a  h e a t - b e a r i n g  

medium  a b s o r b i n g   t he   h e a t   of  c o n d e n s a t i o n   f rom  t h e   f l u e  

gas  b e i n g   c o n v e y e d   f i r s t   t h r o u g h   t h e   e v a p o r a t o r   of  t h e  

s e c o n d   h e a t   pump  s t e p ,   t he   r e t u r n   w a t e r   b e i n g   c o n v e y e d  

f i r s t   t h r o u g h   t h e   c o n d e n s e r   of  t h e   f i r s t   h e a t   pump 

s t e p .   By  t h i s   a r r a n g e m e n t   i t   i s   a v o i d e d   t h a t   h e a t   e n e r g y  
h a v i n g   been   pumped   up  in  one  of  t h e   s t e p s   i s   p u m p e d  

f u r t h e r   up  in  t h e   o t h e r   s t e p .  

A c c o r d i n g   to  t he   i n v e n t i o n   i t   i s   a d v a n t a g e o u s   w h e n  

t he   f i r s t   s t e p   i s   c a u s e d   to  o p e r a t e   w i t h i n   a  b i g g e r  

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

p r o p o r t i o n a t i o n   of  t he   two  s t e p s   b e i n g   a d j u s t e d   v i a  

t he   h e a t   e x c h a n g e r   t e m p e r a t u r e   to   t h e   e v a p o r a t o r   of  t h e  

s e c o n d   s t e p   in  such   a  m a n n e r   t h a t   t he   s t e a m   j e t   c o m p r e s s o r  

p r e c i s e l y   u t i l i z e s   t h e   w a s t e   s t e a m   f rom  t h e   f i r s t   s t e p .  

I t   is  h e r b y   p o s s i b l e   to   o b t a i n   an  e q u i l i b r i u m   b e t w e e n  

t h e   two  s t e p s   a t   w h i c h   s o m e w h a t   more  t h a n   h a l f   p a r t   o f  

t h e   t e m p e r a t u r e   r a n g e   i s   borne  by  t h e   f i r s t   s t e p   and  a t  

w h i c h   t h e   e n e r g y   of  t h e   s t e a m   is   u t i l i z e d   f u l l y .  

The  i n v e n t i o n   a l s o   c o m p r i s e s   a  d e v i c e   f o r   c a r r y i n g  

ou t   t he   m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n .   The  d e v i c e   f o r  

d i s t r i c t   h e a t i n g   p l a n t s   f o r   t h e   r e c o v e r y   of  h e a t   o f  



c o n d e n s a t i o n   from  the   w a t e r   c o n t e n t   of  f l u e   g a s e s   f rom  t h e  

b o i l e r s   of  t he   d i s t r i c t   h e a t i n g   p l a n t ,   in  w h i c h   a  s t e a m -  

d r i v e n   h e a t   pump  t r a n s m i t s   t h e   h e a t   c o n t e n t   of  t he   f l u e  

g a s e s   to  t h e   r e t u r n   w a t e r   of  t h e   d i s t r i c t   h e a t i n g   p l a n t  

b e f o r e   i t   i s   r e t u r n e d   t o  t h e   b o i l e r s   a c c o r d i n g   to   t h e  
i n v e n t i o n   i s   c h a r a c t e r i z e d   in  t h a t   t he   h e a t   pump  has   t w o  

s t e p s   of  w h i c h   t he   f i r s t   s t e p   c o m p r i s e s   a  s t e a m   e x p a n s i o n  

e n g i n e   d r i v i n g   a  c o m p r e s s o r   h e a t   pump,  w h e r e a s   t h e   s e c o n d  

s t e p   c o m p r i s e s   a  s t e a m   j e t   c o m p r e s s o r ,   t he   s t e a m   d i s c h a r g e  
from  t h e   f i r s t   s t e p   p r e f e r a b l y   b e i n g   c o n n e c t e d   to   t h e   i n l e t  

to  t h e   s e c o n d   s t e p .  

D e t a i l e d   D e s c r i p t i o n   of  the   D r a w i n g  

In  t h e   f o l l o w i n g   the   i n v e n t i o n   w i l l   be  d e s c r i b e d   m o r e  

f u l l y   w i t h   r e f e r e n c e   to   the   o n l y   d r a w i n g   w h i c h   s c h e m a t i c a l l y  

shows  a  d i s t r i c t   h e a t i n g   b o i l e r   p l a n t   in  w h i c h   the   h e a t  

of  c o n d e n s a t i o n   f rom  t h e   f l u e   gas   i s   u t i l i z e d .  

The  d i s t r i c t   h e a t i n g   b o i l e r   p l a n t   w i t h   a  s m o k e  

c o o l i n g   d e v i c e   w h i c h   is  s t e a m - d r i v e n   f rom  t h e   b o i l e r s   o f  

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

a  w a t e r   b o i l e r   1  shown  w i t h   a  b u i l t - i n   s t e a m   g e n e r a t o r   2 .  

The  s t e a m   g e n e r a t o r   may  a l t e r n a t i v e l y   be  s e p a r a t e   f rom  t h e  

w a t e r   b o i l e r   and  be  p r o v i d e d   w i t h   i t s   own  b u r n e r .   B o i l e r   1 

d e l i v e r s   h e a t e d   s u p p l y   w a t e r   to   a  c o n s u m e r   c i r c u i t   3.  F r o m  

b o i l e r   1  a  f l u e   gas   d i s c h a r g e   4  l e a d s   i n t o   two  or  more  f l u e  

gas  s c r u b b e r s   5  and  6  t h r o u g h   an  e c o n o m i s e r   a r r a n g e m e n t  

( n o t   s h o w n ) ,   w h e r e b y   t he   c o m b u s t i o n   a i r   i s   h e a t e d   and  t h e  

f l u e   g a s e s   c o r r e s p o n d i n g l y   c o o l e d .  

The  f i r s t   s c r u b b e r   5  r e c e i v e s   f l u e   gas   at  a  t e m p e r a t u r e  

of  a b o u t   60°C  and  d e l i v e r s   t h e   f l u e   gas   to   s c r u b b e r   6  at   a  

t e m p e r a t u r e   n e a r   t he   dew  p o i n t   of  t he   f l u e   g a s ,  w h i c h   i s  
4 0 - 4 5 ° C .   Each  s c r u b b e r   has  a  c i r c u l a t i o n   c i r c u i t   f o r   s c r u b b e r  

s o l u t i o n   w h i c h   may  be  an  a q u e o u s   s o l u t i o n   of  ammon ium 

s u l p h i t e - b i s u l p h i t e ,   NH4OH  or  NH2OH.  By  means  of  a  heat  exchanger  7  t h e  

s c r u b b e r   s o l u t i o n   l e a v i n g   s c r u b b e r   6  c o o l s   t he   c i r c u l a t i n g  

s o l u t i o n   in  s c r u b b e r   5.  The  s c r u b b e r   s o l u t i o n   from  s c r u b b e r  

6  t h u s   a d d i t i o n a l l y   h e a t e d   is  t h e n   c o n d u c t e d   t h r o u g h   t h e  

e v a p o r a t e r   8  b e l o n g i n g   to  a  second  h e a t   pump  9  a n d  



s u b s e q u e n t l y   t h r o u g h   the   e v a p o r a t o r   11  b e l o n g i n g   to  t h e  

f i r s t   h e a t   pump  10,  b e f o r e   i t   is   d i s t r i b u t e d   in  c o o l e d   s t a t e  

by  means  of  a  n o z z l e   a r r a n g e m e n t   12  o v e r   t he   f i l l i n g   of  t h e  

s c r u b b e r   w i t h   r e a c t o r   b o d i e s   13.  In  s c r u b b e r s   5  and  6  t h e  

a s c e n d i n g   f l u e   gas   m e e t s   c o u n t e r c u r r e n t l y   t he   d e s c e n d i n g  

c o o l e d   s c r u b b e r   l i q u i d   wh ich   at   t h e   b o t t o m   of  the   s c r u b b e r  

w i l l   be  a p p r o x i m a t e l y   in  e q u i l i b r i u m   w i t h   the   f l u e   gas  a t  

a b o u t   t h e   dew  p o i n t   of  t he   l a t t e r .   The  f i r s t   h e a t   pump  11  

is   d r i v e n   by  means   of  a  s t e a m   e x p a n s i o n   e n g i n e   14,  e . g .   a  

r e c i p r o c a t i n g   s t e a m   e n g i n e   or  a  t u r b i n e ,   w h i c h   can  d e l i v e r  

i t s   w a s t e   s t e a m   to  be  f u r t h e r   e x p a n d e d   in  a  s t e a m   j e t  

c o m p r e s s o r   15  in  t h e   s e c o n d   s t e a m   pump  9  or  to   be  c o n d e n s e d  

in  a  c o n d e n s e r   18  c o o l e d   by  t he   r e t u r n   w a t e r .  

In  o r d e r   to  c o o l   t he   c o n d e n s e r s   16  and  17,  r e s p e c t i v e l y ,  

of  the   two  h e a t   pumps  9 , 1 1 ,   r e t u r n   w a t e r   i s   c o n d u c t e d   f r o m  

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

16  and  t h e n  t h r o u g h   c o n d e n s e r   17  to   s t e a m   j e t   h e a t i n g   pump  9 

b e f o r e   i t   i s   c o n v e y e d   f o r   i t s   f i n a l   h e a t i n g   to   t h e   w a t e r  

b o i l e r .   I t   i s   p o s s i b l e   to   use  t h e   c i r c u l a t i o n   w a t e r   as  t h e  

h e a t   t r a n s m i t t i n g   medium  in  t he   s t e a m   j e t   h e a t   pump  9  s i n c e  

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

c i r c u l a t i o n   w a t e r   may  be  v e n t e d .   Such  v e n t i n g   may  c o n t r i b u t e  

to  r e d u c i n g   c o r r o s i o n   of  t he   p i p e s   of  t he   c o n s u m e r   c i r c u i t .  

Power   f o r   o p e r a t i n g   the   h e a t   pump  a r r a n g e m e n t   i s  

p r o v i d e d   by  means   of  t he   s t e a m   w h i c h   i s   g e n e r a t e d   e i t h e r  

in  a  s e p a r a t e   s t e a m   b o i l e r   or  by  t h e   a i d   of  t he   b o i l e r   t u b e  

a r r a n g e m e n t   2  b u i l t - i n   i n t o   a  s e p a r a t e   box  of  b o i l e r   1.  T h e  
d r i v i n g   s t e a m   is   d e l i v e r e d   a t   a b o u t   15  ba r   and  a t   a  m o d e r a t e  

s u p e r h e a t i n g .   The  s t e a m   e x p a n s i o n   e n g i n e   o p e r a t e s   in  t h e  

p r e s s u r e   r a n g e   of  15  ba r   to  2  b a r   and  t h e r e   is   e s t i m a t e d  

an  e x p e n d i t u r e   of  20  kg  of  s t e a m   p e r   kWh  p r o d u c e d   f o r   t h e  

c o m p r e s s o r   in   t h e   m e c h a n i c a l   h e a t   pump.  Some  or  a l l   o f  

the   w a s t e   s t e a m   d e l i v e r e d   at  2  b a r   can  be  c o n v e y e d   on  t o  

the   s t e a m   j e t   h e a t   pump  9,  or  t h e   s t e a m   j e t   h e a t   pump  9 

may  be  o p e r a t e d   u s i n g   s t e a m   f rom  t h e   s t e a m   g e n e r a t o r   2 .  

The  m e c h a n i c a l   h e a t   pump  o p e r a t e s   in  the   t e m p e r a t u r e  

r a n g e   of  20°C  to  70°C  at  an  e n e r g y   f a c t o r   of  3 . 2 5 ,   w h i c h  

r e q u i r e s   a  s t e a m   s u p p l y   of  5 .33   kg  pe r   kg  w a t e r   o f  

c o n d e n s a t i o n   ( s t e a m   f a c t o r t t =   5 . 3 3 ) .  



The  s t e a m   j e t   h e a t   pump  o p e r a t e s   in  t he   t e m p e r a t u r e  

r a n g e   of  35°C  to  70°C  and  r e q u i r e s   a  s t e a m   f a c t o r   o f  

7 . 2 2 .  

Equ i l i b r i um  in  the  u t i l i z a t i o n   of  the  steam  can  be  ob ta ined   when 

58%  of  the   c o n d e n s a t e   c o o l i n g   t a k e s   p l a c e   in  t he   s t e a m  

e n g i n e - d r i v e n   h e a t   pump  w h e r e a s   42%  of  t he   c o n d e n s a t e  

c o o l i n g   t a k e s   p l a c e   in  t he   s t e a m   j e t - d r i v e n   h e a t   p u m p .  
The  r e s u l t i n g   s t e a m   e x p e n d i t u r e   h e r e b y   w i l l   be  3 .1   kg  o f  

s t e a m   pe r   kg  of  a q u e o u s   s t e a m   c o n d e n s e d   f rom  t h e   f l u e   g a s .  
The  b a l a n c e   a imed   a t   i s   o b t a i n e d   at   a  c o n d e n s a t e   t e m p e r a t u r e  

l i m i t   in  t he   f l u e   gas  of  3 8 . 5 ° C ,   a s s u m i n g   t h a t   t he   dew  p o i n t  

in  t h e   f l u e   gas  s u p p l i e d   i s   45°C .   By  t he   u t i l i z a t i o n   of  t h e  

h e a t   of  c o n d e n s a t i o n   in  a  f l u e   gas   h a v i n g   t h e   dew  p o i n t  
60°C  (when  c o m b u s t i n g   m e t h a n e   g a s )   t he   c o n d e n s a t e   t e m p e r a t u r e  

l i m i t   has  to   be  moved  s u b s t a n t i a l l y   u p w a r d s ,   w h i c h   r e n d e r s  

i t   p o s s i b l e   to   o p e r a t e   t h e   s t e a m   j e t   a g g r e g a t e   w i t h i n   t h e  

t e m p e r a t u r e   r a n g e   of  4 0 - 7 0  C   w h e r e b y   t he   s t e a m   f a c t o r   i s  

r e d u c e d   f rom  7 .22   to  4 . 6 4 .   H e r e a f t e r   t h e r e   i s   o b t a i n e d  

b a l a n c e   in  t h e   e x p e n d i t u r e s   of  s t e a m   when  t h e   s t e a m  

e n g i n e   d r i v e n   h e a t   pump  y i e l d s   46.8%  of  t h e   c o n d e n s a t i o n  

w o r k ,   53%  of  the   c o n d e n s a t i o n   work  b e i n g   p r o v i d e d   by  t h e  

s t e a m   j e t   a g g r e g a t e .   The  c r i t i c a l   c o n d e n s a t e   t e m p e r a t u r e  

l i m i t   h e r e   i s   47°C  w h i c h   means   t h a t   t he   s t e a m   j e t   a g g r e g a t e  

at  t h e   same  d i f f e r e n t i a l   t e m p e r a t u r e   can  o p e r a t e   at   a  m i n i m u m  

t e m p e r a t u r e   o f ,   e . g . , 4 5 ° C   and  a  d e l i v e r y   t e m p e r a t u r e   o f  
75°C.   The  r e s u l t i n g   s t e a m   e x p e n d i t u r e   of  t h e   s y s t e m   r e l a t i v e  

t h e   amoun t   of  c o n d e n s a t e   t h e r e b y   may  be  r e d u c e d   a t   a  s t e a m  

f a c t o r   of  2 . 5 .  

C a l c u l a t e d   E x a m p l e   1 

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

of  t he   r e t u r n   w a t e r   is   60°C  and  t he   s u p p l y   t e m p e r a t u r e  
90°C,   c o r r e s p o n d i n g   to  a  h e a t i n g   in  t he   b o i l e r   p l a n t   o f  
3 0 ° C .  

At  a  c o n d e n s a t e   t e m p e r a t u r e   of  2 0  C , 7 6 %   of  t he   t o t a l  

amount   of  w a t e r   in  t he   f l u e   gas   may  be  c o n d e n s e d ,   or  0 . 9 9  

kg  of  w a t e r   per   1 0 , 0 0 0   k c a l   ( a b o u t   1  kg  of  o i l )   and  t h e r e b y  

t h e r e   is   r e c o v e r e d   f u r t h e r   5.94%  of  h e a t   r e l a t i v e   t he   h e a t  

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



At  a  s t e a m   f a c t o r   of  3 .1   t he   amoun t   of  h e a t   i n d u c e d  

i n t o   t he   r e t u r n   w a t e r   c o r r e s p o n d s   to  18.41%  of  the   h e a t  

e q u i v a l e n t   of  t he   f u e l   e x p e n d i t u r e ,   and  t he   t o t a l   a m o u n t  

of  h e a t   i n d u c e d   i n t o   t h e   r e t u r n   w a t e r   b e c o m e s   24.35%  o f  

t h e   e m i s s i o n   of  h e a t   of  t h e   f u e l   e x p e n d i t u r e .   The  p o r t i o n  

of  t h e   amoun t   of  h e a t   o r i g i n a t i n g   f rom  t h e   h e a t   pump  p l a n t  

and  e m i t t e d   f rom  t h e   d i s t r i c t   h e a t i n g   p l a n t   i s   22.99%  o f  

t h e   t o t a l   h e a t i n g   of  3 0 ° C .  

C a l c u l a t e d   E x a m p l e   2 

In  a  m e t h a n e   gas   f i r e d   d i s t r i c t   h e a t i n g   p l a n t   at  a 

c o n d e n s a t e   t e m p e r a t u r e   of  20°C  t h e r e   may  be  c o n d e n s e d   88% 

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

of  w a t e r   b e i n g   2 . 2 9   kg  p e r   1 0 , 0 0 0   k c a l .   H e r e b y   i s   r e c o v e r e d  

f u r t h e r   13,74%  of  h e a t   r e l a t i v e   t he   h e a t   of  c o m b u s t i o n .  

At  a  s t e a m   f a c t o r   of  2 .5   t h e   amount   of  h e a t  

i n d u c e d   i n t o   t he   r e t u r n   w a t e r   f rom  t he   c o n d e n s e d   s t e a m  

co r r e sponds   to  34.35%  of  t h e   h e a t   e q u i v a l e n t   of  t he   f u e l  

e x p e n d i t u r e ,   and  t h e   t o t a l   amoun t   of  h e a t   i n d u c e d   i n t o  

t h e   r e t u r n   w a t e r   b e c o m e s   48 .13%  of  t h e   e m i s s i o n   of  h e a t  

of  t h e   f u e l .   The  p o r t i o n   of  t he   amount   of  h e a t   o r i g i n a t i n g  

f rom  t he   h e a t   pump  and  e m i t t e d   f rom  the   d i s t r i c t   h e a t i n g  

p l a n t   is   42 .28%  of  t h e   t o t a l   amoun t   of  h e a t ,   c o r r e s p o n d i n g  

to  12.7%  of  t h e   t o t a l   h e a t i n g   of  30°C.   The  l a r g e r   s h a r e   o f  

t h e   h e a t i n g   of  t he   d i s t r i c t   h e a t i n g   w a t e r   r e s u l t s   in  t h a t  

t h e   t e m p e r a t u r e   in  t h e   h e a t   e x c h a n g e r   of  t h e   h e a t   pump  w i l l  

r i s e   to   maximum  7 2 . 7  C   a f t e r   w h i c h   i t   w i l l   be  n e c e s s a r y  
t h a t   t h e   p a r t   of  t he   h e a t   pump  ( t h e   s t e a m   j e t   p a r t )   w h i c h  
o p e r a t e s   at   t he   h i g h e r   t e m p e r a t u r e s   is  a r r a n g e d   fo r   a 
d i s c h a r g e   t e m p e r a t u r e   of  a b o u t   75°C  and  an  i n l e t   t e m p e r a t u r e  
of  4 5 0 C .  



1.  A  m e t h o d   f o r   t h e   r e c o v e r y   of   h e a t   of  c o n d e n s a t i o n  

l i b e r a t e d   by  t h e   c o n d e n s a t i o n   i n t o   w a t e r   of  s t e a m   c o n t a i n e d  

in  f l u e   g a s e s   f rom  t h e   b o i l e r s   of  a  h o t   w a t e r   s u p p l y   p l a n t  

in  w h i c h   a  s t e a m - d r i v e n   h e a t   pump  i s   u s e d   f o r   t h e  

t r a n s m i s s i o n   of   t h e   h e a t   c o n t e n t   of   t h e   f l u e   gas   to   t h e  

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

i n t o   t h e   b o i l e r s ,   c h a r a c t e r i z e d   in   t h a t ,  

(a)  t h e   h e a t   pump  h a s   two  s t e p s   of   w h i c h   t h e   f i r s t  

s t e p   c o m p r i s e s   a  c o m p r e s s o r   h e a t   pump  d r i v e n   by  a  

s t e a m   e x p a n s i o n   e n g i n e   and  t h e   s e c o n d   s t e p   c o m p r i s e s  

a  s t e a m   j e t   c o m p r e s s o r ,  

(b)  t h e   f i r s t   s t e p   o p e r a t e s   a t   a  l o w e r   t e m p e r a t u r e   t h a n  

t h e   s e c o n d   s t e p .  

2.  A  m e t h o d   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  

t he   d i s c h a r g e   s t e a m   f rom  t h e   f i r s t   s t e p   i s   u t i l i z e d   a t  

l e a s t   p a r t i a l l y   f o r   t h e   o p e r a t i o n   o f   t h e   s e c o n d   s t e p .  

3.   A  m e t h o d   a c c o r d i n g   to   c l a i m   1  o r   c l a i m   2 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   two  s t e p s   a r e   p l a c e d   in  p a r a l l e l ,  

a  h e a t - b e a r i n g   med ium  a b s o r b i n g   t h e   h e a t   of   c o n d e n s a t i o n  

f rom  t h e   f l u e   gas   b e i n g   c o n v e y e d   f i r s t   t h r o u g h   t h e   e v a p o r a t o r  

of  t h e   s e c o n d   h e a t   pump  s t e p ,   t h e   r e t u r n   w a t e r   b e i n g  

c o n v e y e d   f i r s t  t h r o u g h   t h e   c o n d e n s e r   of   t h e   f i r s t   h e a t  

pump  s t e p .  

4.  A  m e t h o d   a c c o r d i n g   to   any  one   of   c l a i m s   1,  2  or   3 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   f i r s t   s t e p   i s   c a u s e d   to   o p e r a t e  
w i t h i n   a  b i g g e r   t e m p e r a t u r e   r a n g e   t h a n   t h e   s e c o n d   s t e p ,  
t h e   m u t u a l   p r o p o r t i o n i n g   of   t h e   two  s t e p s   b e i n g   a d j u s t e d  

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

t h e   s e c o n d   s t e p   in   s u c h   a  m a n n e r   t h a t   t h e   s t e a m   j e t  

c o m p r e s s o r   p r e c i s e l y   u t i l i z e s   t h e   w a s t e   s t e a m   f rom  t h e  

f i r s t   s t e p .  
5.  A  d e v i c e   f o r   a  h o t   w a t e r   s u p p l y   p l a n t   f o r   t h e   r e c o v e r y  
of  h e a t   of   c o n d e n s a t i o n   f r o m   t h e   w a t e r   c o n t e n t   of  f l u e   g a s e s  
f rom  t h e   b o i l e r s   of   t h e   s a i d   p l a n t ,   in  w h i c h   a  



s t e a m - d r i v e n   h e a t   pump  t r a n s m i t s   t h e   h e a t   c o n t e n t   of  t h e  

f l u e   g a s e s   to   t h e   r e t u r n   w a t e r   of  t h e   d i s t r i c t   h e a t i n g   p l a n t  

b e f o r e   i t   is   r e t u r n e d   to   t he   b o i l e r s ,   c  h  a  r  a  c  t   e  r  i  z  e  d  

in  t h a t   t he   h e a t   pump  has  two  s t e p s   of  w h i c h   the   f i r s t   s t e p  

c o m p r i s e s   a  s t e a m   e x p a n s i o n   e n g i n e   d r i v i n g   a  c o m p r e s s o r  
h e a t   pump,  w h e r e a s   t h e   s e c o n d   s t e p   c o m p r i s e s   a  s t e a m   j e t  

c o m p r e s s o r ,   t h e   s t e a m   d i s c h a r g e   from  the  f i r s t   s tep   p r e f e r a b l y   b e i n g  
c o n n e c t e d   w i t h   t h e   i n l e t   to   t h e   s e c o n d   s t e p .  
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