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STEAM GENERATOR, APPARATUS 

Hans Conrad Egoff, Winterthur, Switzerland, as 
signor to Suzer Freres Société Anonyme, Wiin 
terthur, Switzerland 

Application September 22, 1936, Serial No. 105,910 
a Switzerland October 12, 1935 

2 Claims. 

This invention relates to apparatus for the 
Separation of impurities from a fluid in tubular, 
Continuous-flow steam generators comprising at 
east tWO Series-connected separators and has for 
itS object the provision of an improved apparatus 
Of this character. More particularly, the inven 
tion airns to provide an improved combination of 
Steam generator apparatus comprising a cooling 
device connected between two separators. 

It has been proposed heretofore to provide the 
tubular System of continuous-flow steam genera 
tors with a separating device for removing feed 
Water inpulities from the Steam. Separators 
have been connected in the systein where impuri 
ties such as Salts were still in solution or where 
the Stearin Was Slightly Superheated. There are 
disadvantages inherent in Such apparatus due to 
incomplete separation of enriched Salt Solution 
from the Steam, or to the accumulation of Salt 
incrustations in the tubing. It has also been 
proposed to employ a plurality of separators in 
the tube assembly of a single tube steam genera 
tOr, but in such apparatus, solid entrained parti 
cles can OZaly be removed with great difficulty and 
incrustations on the tube walls, between the sepa 
rators, cannot be dissolved, in certain instances, 
due to the separation of water from the steam in 
the first separator. 

It is an object of this invention to substantially 
Overcome the aforennentioned disadvantages and 
to provide apparatus from which crusts clinging 
to the tube walls. between the separators, may 
be removed, and in which impurities entrained 
in the steam can he separated at a suitable point 
in the Systen by means of condensate. 
The invention will be better understood if ref 

erence is made to the accompanying drawings, 
taken in coniunction with the following descrip 
tion, in which 

Fig. 1 is a diagrammatic illustration (with the 
tubing Straightened out) of a single-tube steam 
generator in accordance with the invention; 

Fig. 2 shows the temperature conditions pre 
vailing in the tubing shown in Fig. 1; 

Fig. 3 illustrates another adaptation of appa 
ratus in accordance with the invention, and 

Figs. 4 and 5 show details of structure in ac 
Cordance With the invention. 

Into One end of the tubing (Fig. 1) liquid is 
fed through supply conduit 2 and Superheated 
Stean is taker off at the other end and carried by 
the delivery conduit 3 to the place of consump 
tion. At point 4 in the tube system the liquid 
begins to evaporate. At point 5 the first sepa 

(C. 122--459) 
rator 8 is connected to the tubing and just be 
yond, the Second separator 8 is connected at point 

. A sludge draw-off is connected to the conduit 
9, and to the second separator a sludge draw-off 
conduit is connected to the separator. The '5 
amounts of the sludge thus drawn off can be 
regulated by means of valves and 3, respec 
tively. 
Arranged between the two separators 6 and 8 

is a device 27 by means of which the steam flow- 0 
ing from point to point is cooled. The cool 
ing device can, for example, constitute the heat 
ing surface of an intermediate Superheater, or 
reheater into which steam to be superheated 
(for example steam at a lower pressure) is fed 
through conduit 28. The steam flows from the 
Superheater to the place of consumption through 
conduit 29. The wet low-pressure steam is thus 
Superheated and the Superheated high-pressure 
Steam is Saturated. 

Inserted on One side of the intermediate Super 
heater is the temperature-responsive device 3) 
which acts upon the element in the sludge 
line 9 in Such a way that the steam issuing from 
the Separator 6 has its condition maintained 
about constant. For practical purposes it is ad 
Visable to draw off sludge-carrying liquid con 
tinuously from the separator 8. For this pur 
pose the Valved element 3 in the sludge draw-off 30 
line C is given the form of a nozzle (32, Fig. 4). 
The Cross-sectional area of the nozzle which con 
trols the amount of liquid passing therethrough 
is Such that the amount of liquid separated in the 
Separator 8 is provided an opportunity to flow 35 
therethrough. If for once a Smaller amount of 
Sludge should form, in that case steam would blow 
off together with liquid. But since the weight of 
the Steam that can flow through a nozzle amounts 
to only one tenth of that of the water flowing 40 
therethrough, the loss thus occasioned becomes 
immaterial. 

Fig. 2 shows the temperatures of the fluid ine 
dium in the pipe System of Fig. 1. The various 
points indicated by numerals 2, 4, 5, 7 and 3, cor- 4 
respond to points indicated on the pipe shown in 
Fig. 1. As shown on the graph, the temperature 
T of the fluid medium increases from the admis 
sion end of the tubing 2 up to the point 4 where 
it reaches the vaporization temperature Tv. Be- 50 
cause of the pressure drop due to friction in the 
tubular system the vaporization temperature Ty 
is apt to drop slightly up to point 5. Ahead of 
the separator 8, the temperature begins to rise in 
the Superheating zone and drops again to the 55 

5 

20 



10 

5 

20 

25 

30 

35 

5 

50 

55 

60 

2 2,155,039 
vaporization temperature Ty due to cooling ef 
fects and then rises ahead of point finally to 
the utilization temperature Tu at point 3. 
One consequence of cooling the steam between 

the separators is that its condition feverts again 
to the saturation range. During this retrograda 
tion, part of the steam condenses. The fine Solid 
particles suspended in the steam then act as con 
densation nuclei and aire made heavier by the 
condensate. The particles having thus been made 
heavier can then be precipitated in the second 
separator 8 and abstracted from the steam gen 
erator together with entrainment liquid. 
In the Steam generator shown in Fig. 3 the 

tubular System is heated by means of a firing 
installation 3. The liquid fed into the tubular 
System enters it through conduit 2, and the Steam 
is led through conduit 3 to the places of utiliza 
tion. A first separator 6 is arranged at that point 
of the tubular system where about 10% of the 
total amount of the working medium is still liquid, 
A Second Separator 8 is nounted in Such a man 
ner as to be located in the real of the place where 
the impurities precipitating from the liquid resi 
due of the first, separator reinain adhering to the 
tube Walls. 

Inserted between the first separator 6 and the 
second separator 8 is a temperature-responsive 
apparatus f5, and on this side of the exit end of 
the tubing another temperature-responsive ap 
paratus S. The temperature-actuated device fS 
acts by means of conduit upon the control ele 
ment in the sludge draw-off pipe 9 in Such a 
way that the Stean arriving in the Separator 8 has 
already absorbed one third of the Superheating 
heat. A residue amounting to about 3% of the 
liquid (figured on the total amount of the Work 
ing medium) then still remains behind in the 
steam passing into part 8 of the generator tub 
ing. The feed impurities that remain adhering 
in part f8 of the tubular systern can, by increasing 
from time to tine the amount of feed Water, be 
impelled forwardly into the separator in which 
they are separated from the Stean and carried 
off through the condenser trap 9. The amount 
of liquid to be fed into the system can be increased 
by lessening at predetermined intervals the 
amount of sludge to be taken Out of the Separator 
S or interrupting the sludging-off altogether. 
The temperature-responsive apparatus 5 ac 

tuates via conduit 2 an element 22 in the con 
duit 23. The element 22 is opened whenever the 
temperature-actuated apparatus $ indicates too 
low a temperature, in order thus to prevent liquid 
from being entrained to the places of consump 
tion. An element 24 in the conduit 25 acts upon 
the means provided for feeding additional liquid 
Working medium for the purpose of regulating 
the temperature of the steam. The additional 
liquid must be purified to such an extent that 

in part 26 of the tubing connected with the Sep 
arator 8 deposits of impurities no longer form. 
At point 35 additional ("nake-up') liquid is 

admitted through conduit 33, which cools the 
already superheated steam back again to the 
vaporization temperature. During this Cooling 
Stage the condensing Steam attaches itself to the 
Solid impurities acting in the manner of con 
densation nuclei, so as to increase the weight of 
said impurities and to permit of separating them 
from the steam in the next separator 8. 
In the apparatus illustrated in Fig. 5, the 

sludging-off element in the conduit is acted 
upon by a thermostat 34 arranged ahead of the 
point of admission 35 of the cooling liquid fed 
in through conduit 33. The condition of the 
steam at the point of installation of the tem 
perature-responsive apparatus 34 is thus main 
tained substantially constant. 

I claim: 
1. Apparatus for the separation of feed-water 

impurities from Steam in tubular, continuous 
flow steam generators which comprises a tube 
into which feed-Water is passed at one place and 
Superheated Steam removed at another place, a 
separator connected to the tube at a point where 
Steam and Water flows through the tube, said 
Separator being provided with sludge draw-off 
conduit whereby sludge may be removed from 
the separator, a valve in said conduit controlling 
the discharge of sludge-carrying fluid through 
said conduit, a second separator connected to the 
tube beyond the first mentioned separator in the 
direction of steam flow, means for heating the 
steam in the tube after it has passed through 
the second separator, a reheater for low pressure 
steam connected to the tube between the sep 
arators, said reheater and tube being located and 
arranged to permit heating of the tube between 
the first mentioned separator and the reheater : 
and to prevent appreciable heating of the tube 
between the reheater and the second separator 
whereby the steam may be heated after passing 
the first mentioned separator, cooled in the re 
heater and passed to the second separator with 
out appreciable vaporization, and means for draw 
ing off sludge-carrying fluid from said second 
Separator. 

2. A tubular continuous-flow steam generator 
which comprises a reheater connected to the tube 
at a point. Where the Steam is Superheated, said 
reheater being provided with means for passing 
low-pressure steam in heat exchange relation 
with the Superheated Steam, thereby cooling the 
steam and effecting a precipitation of condensate, t 
and a separator connected to the tube at a point 
beyond the reheater in the direction of steam 
flow for removing condensate together with en 
trained or Suspended impurities from the stem. 

HANS CONRAD EGLOFF. 

5 

0 

5 5 

60 


