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57 ABSTRACT 

A quantity of steam of at least 30 percent, usually 50 
percent of the total is produced under forced circula 
tion in one evaporator within the gas flue while a quan 
tity of steam of less than 40 percent of the total is pro 
duced under natural circulation in the tube walls lining 
the flue. The forced circulation heating surface is dis 
posed upstream of the natural circulation heating sur 
face in the working medium flow. 

13 Claims, 2 Drawing Figures 

  



PATENTED NOY 6 1973 
SHEET 1 OF 2 

34 

limid 

3,769.94) 

  

  

  

  

  

  



PATENTED ROY 6 1973 3,769,94l 
SHEET 2 GF 2 

? (NVy 15 
23. 

. . 

so 52 
Hex 

X 

58 

14 

O 12 

N-1N2 -- 
30 3 || 70 
K N OLTTTTTTTT1 
=Ed 

40 2 4 2 
Y X 

L------------------- - ----4- 

  



3,769,941 

STEAM GENERATOR 

This invention relates to steam generators of the kind 
in which all heating surfaces are situated in a hot gas 
pass or flue whose walls, at least in the vicinity of the 
hot gas inlet, are formed of vertical, coolant-carrying 
tubes. That is, it relates to steam generators which do 
not have combustion chambers with radiant heating 
surfaces. Such steam generators may have their own 
uncooled combustion chambers such as uncooled 
swirl-type muffle burners or may be heated by exhaust 
gas. The present invention consists in a steam generator 
of which all the heating surfaces are located in a hot gas 
flue the walls of which, at least in the vicinity of the hot 
gas inlet, are formed of vertical tubes forming a first 
evaporator heating surface which is arranged to be 
cooled by natural circulation of working medium there 
through, the hot gas flue having within it a second evap 
orator heating surface which is arranged to be cooled 
by a forced flow of working medium and through which 
the working medium flows before flowing through the 
first evaporator heating surface. 
Because, in accordance with the invention, the evap 

orator heating surface, consists of or includes a first 
heating surface cooled by natural circulation and a sec 
ond heating surface cooled by forced flow, much of the 
advantage of the natural circulation principle is com 
bined with much of the advantage of the forced 
through-flow principle, although the disadvantages of 
both principles are not fully manifested. For example, 
the dimensions of the steam/water drum usual in natu 
ral circulation steam generators can be made smaller, 
possibly to such an extent that they are of the same 
order of size as those of the water traps usual in forced 
through-flow steam generators. This makes it possible 
to design the steam generator for relatively high steam 
pressures, without making the walls of the steam/water 
separator too thick from the point of view of fabrica 
tion and thermal stressing. It also makes it easier to en 
sure that the flow of coolant through the tubes of the 
walls is stable whatever the load on the steam genera 
tor. Also, the steam generator can be started in approx 
imately the same short time as a forced through-flow 
steam generator, since the separator, being small, con 
tains only a small amount of water. 

Preferably, the second evaporator heating surface is 
located between an economiser and a steam/water sep 
arator in the forced flow of working medium. This ar 
rangement enables the steam/water separator to be 
made smaller than if the outlet of the economiser leads 
into the separator. 
The invention may be carried into practice in various 

ways but two vapor generators embodying the inven 
tion will now be described by way of example with ref 
erence to the accompanying drawings, of which: 
FIGS. 1 and 2 are respectively vertical sections 

through the two vapor generators. 
The vapor generator 1 shown in FIG. 1 consists es 

sentially of a vertical hot gas pass or hot gas flue 34, 
whose boundary walls are formed of vertical tubes, and 
heating surfaces situated inside the flue. The heating 
surface 3 farthest up the flue 34 forms an economiser 
to which feed water is supplied by a feed pump 17 
along a line 16 with a feed valve 18. Below the econo 
miser 3 the hot gas pass 34 houses three superheater 
heating surfaces 51, 55 and 59 arranged in series. The 
superheater surface 51 is connected by a steam line 50 
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2 
to the steam space of a steam/water drum 15, and a live 
steam line 60 leads from the superheater surface 59 to 
a load. Near the bottom of the flue 34 there are four 
swirl-type muffle burners 70, arranged in pairs opposite 
one another so that only two burners can be seen in 
FIG. 1. The heat-carrying gas flows out of the muffles 
of these burners into the flue 34, transferring its heat 
to the heating surfaces almost entirely by convection 
since combustion is completed inside the uncooled 
muffles. Closest to the outlet of the muffle burners 70 
inside the flue 34 there is an evaporator heating surface 
12 which consists of a plurality of tubes connected in 
parallel between the inlet header 11 and an outlet 
header 13 and which is cooled by the working medium 
in a forced flow. The outlet header 13 is connected by 
a line 14 to the steam space in the drum 15. 

All four walls of the flue are formed of finned tubes 
welded together, the tubes in the front wall 32 being 
connected in parallel with those in the rear wall 33 be 
tween an inlet header 31 and an outlet header 35. Simi 
larly, the tubes in each of the two side walls 42 are con 
nected in parallel between an inlet header 41 and an 
outlet header 43. The inlet headers 31, 4 are con 
nected by lines 30 and 40 respectively to a downcomer 
or gravity tube 20 leading from the drum 15, whereas 
the outlet headers 35,43 are connected by lines 36 and 
44 respectively to the steam space in the drum 15. The 
cooled flue gas leaves the flue 34 through an aperture 
75 provided at the top of one of its side walls 42. 
The heating surfaces 12, 59, 55, 51 and 3 are 

mounted on supporting tubes 8, of which the bottom 
ends are connected to a manifold 6 and the top ends 
lead into an outlet header 9 connected by a line 10 to 
the inlet header 11 for the evaporator heating surface 
12. The manifold 6 communicates with the downcomer 
20 by a line 21 containing a circulating pump 22 and 
with the outlet of the economiser 3 by way of a line 5. 
After flowing through the economiser 3 the feed 

water enters the manifold 6, where it mixes with water 
which has been brought from the drum 15 along the 
line 21 by means of the circulating pump 22. The mix 
ture of feed water and recycled water then flows along 
the supporting tubes 8 and through the line 10 into the 
evaporator heating surface 12, where partial evapora 
tion takes place. The steam/water mixture flows along 
the line 14 to the drum 15, which separates the steam 
from the water. At the same time naturally circulating 
water flows along the tubes in the flue walls 32, 33 and 
42, having come from the donwcomer 20 to the bottom 
ends of these tubes along the lines 30, 40. The steam? 
water mixture formed in the tubes in the walls also 
passes to the drum 15, where the steam is separated. 
The evaporator heating surface 32, 33, 42 cooled. by 
natural circulation and the evaporator heating surface 
12 cooled by a forced flow are so designed that the lat 
ter produces at least 30 percent (preferably approxi 
mately 50 percent) and the former less than 40 percent 
of the total quantity of live steam produced when the 
steam generator is operating at normal load. 
The steam separated in the drum 15 flows in succes 

sion through the three superheater surfaces 51, 55 and 
59 and leaves the steam generator along the live steam 
line 60. In the line between the superheater surfaces 51 
and 55 there is a vessel 53 and in the line between the 
superheater surfaces 55 and 59 there is a vessel 58. 
Water from the downcomer 20 is injected into these 
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vessels through lines 52, 57. The quantity of water in 
jected can be adjusted by means of valves 54, 56. 
These injection devices may be arranged to produce 

20 percent of the total quantity of steam generated. Al 
ternatively, however, the valve 54 may be set at a fixed 
value and the valve 56 may be controlled in depen 
dence upon the steam temperature in the live steam 
line 60. Another possibility is to connect the lines 52 
and 57 to the line 21 downstream of the circulating 
pump 22, instead of to the downcomer 20. This enables 
the valve to be made smaller and/or the atomising pres 
sure at the inlets of the vessels 53, 58 to be raised. Ejec 
tors may be used to add the water instead of the injec 
tion vessels. 
The steam generator shown in FIG. 2 does not have 

a separate circulating pump, since the feed pump 17 is 
used also to feed the recycled water. To this end a heat 
exchanger 2 is provided in the line 21, the secondary 
side of the heat exchanger being connected into the 
feed water line 16. The line 21 leads into a feed water 
reservoir 4 and is provided with a throttle valve 7 be 
tween the heat exchanger 2 and the feed water reser 
voir 4. A flow-rate measuring element 19, whose signal 
output is operatively connected to adjust the throttle 
valve 7, is linked to the feed water line 16. The feed 
valve 18 in the feed water line 16 is operatively con 
nected to a water level gauge 23 connected to the drum 
15. 
In the steam generator shown in FIG. 2 water from 

the drum 15 is also recycled through the economiser 3. 
This arrangement has the advantage that during start 
ing and during low-load operation of the steam genera 
tor a relatively large minimum quantity of water is de 
livered by the feed pump 17, so that no separate circu 
lating pump is required. 

Instead of the operative connections of the valves 7 
and 18 being as shown in FIG. 2, these connections 
may be interchanged; that is to say, the feed valve 18 
may be connected to the flow-rate measuring element 
19 and the throttle valve 7 to the level gauge 23. In an 
other possible modification the sum of the measuring 
signals from the flow-rate measuring element 19 and 
level gauge 23 is made to act on the feed valve 18, and 
the difference between these signals is made to act on 
the throttle valve 7, or vice versa. 
A further alternative is to supply the vessels 53, 58 

with feed water instead of recycled water. 
What we claim is: 
1. A steam generator comprising 
a plurality of walls defining a hot gas flue with a hot 
gas inlet and an outlet; 

each said wall including a plurality of vertical tubes 
at leat adjacent said inlet, said tubes defining a first 
evaporator heating surface for passage of a work 
ing medium therethrough under natural circula 
tion; 

a second evaporator heating surface disposed within 
said flue for passage of the working medium there 
through under forced circulation, said second 
evaporator heating surface being disposed up 
stream of said first evaporator heating surface rela 
tive to the flow of working medium; and 

means for forcing the working medium through said 
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4. 
second evaporator heating surface. 

2. A steam generator as set forth in claim 1 which fur 
ther includes an economiser in said flue and a steam/- 
water separator in the forced flow of working medium, 
said second evaporator heating surface being loacted 
between said economiser and said separator relative to 
the flow of working medium. 

3. A steam generator as set forth in claim 1 which fur 
ther includes superheater heating surfaces in said flue 
and means for injecting water into a flow of super 
heated steam between said superheater heating sur 
faces. 

4. A steam generator as set forth in claim 3 which fur 
ther includes a steam/water separator vessel connected 
in common to both evaporator heating surfaces and 
said water injecting means is connected to said separa 
tor vessel. 

5. A steam generator as set forth in claim 1 which fur 
ther includes at least one swirl-type muffle burner con 
nected to said hot gas flue to supply hot flue gas thereto 
through said inlet. 

6. A steam generator as set forth in claim 1 which fur 
ther includes at least one additional heating surface 
within said hot gas flue, said second evaporator heating 
surface being the nearest to said hot gas inlet of said 
heating surfaces within said hot gas flue. 

7. A steam generator as set forth in claim 1 wherein 
said tubes of said first evaporator are welded to one an 
other in gas-tight manner. 

8. A steam generator as set forth in claim 1 which fur 
ther includes means for supplying a forced through 
flow of feed water to said second evaporator heating 
surface and means for superimposing on the forced 
through flow a forced circulation of working medium. 

9. A method of generating steam in a steam generator 
which comprises the steps of 
heating a first part flow of working medium under 
natural circulation in a first evaporator heating sur 
face to produce live steam, and 

heating a second part flow of the working medium 
under forced circulation in a second evaporator 
heating surface to produce at normal load at least 
30 percent of the total live steam produced in the 
steam generator, the second heating surface being 
located upstream of the first heating surface in the 
flow of working medium. 

10. A method as set forth in claim 9 wherein approxi 
mately 50 percent of the total live steam produced in 
the steam generator is produced in the second evapora 
tor heating surface. 

11. A method as set forth in claim 9 wherein at nor 
mal load less than 40 percent of the live steam pro 
duced in the steam generator is produced in the first 
evaporator heating surface. 

12. A method as set forth in claim 9 which further 
comprises the steps of superheating the live steam from 
the heating surfaces to produce superheated steam and 
of injecting water into the superheated steam to pro 
duce additional steam. 

13. A method as set forth in claim 12 wherein said 
additional steam at normal load is at least 20 percent 
of the total live steam produced in the steam generator. 
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