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4. Claims. 

This invention relates to steam generators of 
the Water tube type in which the Working me 
dium-Which need not necessarily be water-is 
Converted into steam or other vapor in a system 
of tubes, the amount of fuel and water or other 
WOrking medium Supplied being regulated in 
aCCOrdance With the temperature at which the 
Vapor eScapes from the outlet end of the tube 
System. 
Such methods of control have not proved satis- . 

factory as the teiperature of the steam or the 
like at the Outlet end of the tube System does not 
quickly respond to changes which take place in 
the tubes themselves, i. e. there is a considerable 
lag due to the heat Stored in the Wall of the tube 
System itself and as a result of this lag it is 
impossible to avoid marked fluctuations in the 
condition of the stea. In delivered by the generator. 
To meet this difficulty proposals have already 

been made to Vary the Supply of feed Water in 
accordance with the temperature of the liquid 
in the generator prior to its conversion into 
Steam, but this method of regulation prevents 
Compensation for temperature fluctuations due to 
irregular firing; or variations in the temperature, 
and the rate of evaporation in that part of the 
tube Systein. Where the liquid is converted into 
Steam, so that the steam discharged is still Sub 
ject to temperature fluctuations. 
The object of the present invention is to pre 

went, the lag to which the temperature of the out 
iet Steam is at present Subject owing to the heat 
Stored in the Wall of the tubes. 

According to this invention the Supply of some 
of the Working medium delivered to the gen 
erator is regulated in accordance With the tem 
perature of the Working medium at or about that 
point in the length of the tube System where the 
Working medium is converted from Saturated 
into Superheated steam or Vapor. 
The invention is diagrammatically illustrated 

by Way of example in the accompanying drawing, 
in which 

Fig. 1 shows a steam generator in which an 
additional quantity of the Working medium is 
regulated in accordance with the temperature 
of the working medium in the tube System, 

Fig. 2 is a diagram showing the temperature 
curve in the tube system under different Work 
ing conditions, and 

Fig. 3 shows a thermostatic device for regulat 
ing the feed pump. 
The Working medium, for example Water, is 

supplied to the system of tubes 2 within the con 
bustion chamber through a pipe 3 and the steam 

(C. 122-448) 
generated in the tubes is conveyed to the points 
of consumption through the main steam delivery 
pipe 4. 
Fuel is supplied to the burner 5 through a pipe 

6, the air to Support combustion being delivered 
though a pipe 7. A valve O is provided to regul 
late the Supply of fuel and steam delivered to 
the main supply pipe 4 is regulated in any de 
sired manner. 
The Working of the generator Will be best Seen 

from the diagram illustrated in Figure 2, in 
which the length of the System of tubes is 
plotted horizontally between the inlet end E and 
the outlet end A, the temperatures of the Working 
medium at the Various points in the System of 
tubes being plotted Vertically. 
The curve 2 shown in full lines represents 

the normal State in the System. Of tubes. First 
the working medium which is still in the liquid 
state is heated to the temperature of evaporation 
W between the inlet point E and the point 3. 
Thereafter to the point 4 it is converted into 
saturated steam containing no unevaporated 
liquid. At this stage there Will be a Small drop in 
the temperature of the steam in accordance With 
the fall of pressure, and Subsequently this Satu 
rated steam is Superheated to the temperature U 

O 

s 

20 

25 

between the point 4 and the point of discharge 
5 from the System of tubes. 
In undergoing the change of State between the 

inlet and outlet ends of the tube System as ShoWn 
in Fig. 2 a quantity of heat is distributed approxi 
mately as to three-tenths for the heating of the 
liquid medium six-tenths for evaporation and 
one-tenth for superheating. 
When it is desired to increase the Output of the 

boiler i. e. when the quantity of feed liquid is in 
creased, the temperature of the Working medium 
in the system of tubes 2 will change in the manner 
indicated by the curve 2d. The beginning of 
evaporation of the working medium is shifted 
from the original point 3 to a later point 3a. 
As before, the original point 4 at which the 
working medium was evaporated is now shifted 
to point, 4a. The quantity of heat required for 
superheating the working medium is So Small 
relatively to the quantity of heat required to effect 
evaporation, that the heat stored in the wall of 
the tube system is enough for Superheating to 
the temperature U until the discharge point 5a 
is reached. 
Consequently, although for the increased out 

put more feed water or other working medium 
has been Supplied, the change in temperature at 
the point of discharge will be only very small 

30 

50 

55 

  



5 

O 

5 

30 

35 

O 

65 

5 

2 
OWing to the heat Stored in the tubes and the 
Small annount of heat required for Superheating. 
Within the tube System, however, considerable 
fluctuations in temperature will occur and these 
Will Continue until the increased quantity of 
Working medium has been continuously Supplied 
for a considerable period, by which time the heat 
stored in the tubes will be used up between the 
points and 5 with the result that there will 
be a Sudden drop in the temperature of the 
Stean delivered at the Outlet end from that of 
Superheated to Saturated Steam. 
The new curve of temperatures of working 

medium. Within the tube System will in this case 
be that represented by the curve 2b. The point 
f3 where evaporation begins and the point 4 
Where it is COImpleted are shifted Still further 
tCWards the outlet end of the System to the points 
3b and 4b. The liquid working medium and 

the mixture of liquid and steam between the 
points 3b and Ab absorb from the Wall of the 
tubes So much of the heat Stored in this wall that 
there is in Sufficient heat left in the tubes to Sull 
perheat the Steam after the point f4b has been 
reached. The Sudden change in the tempera 
ture of the steam at the outlet from the points 
Sa to 5b cannot be avoided so that either Sat 

urated Steam or steam containing liquid particles 
will be delivered instead of Superheated Steam. 
This sudden fall of temperature has many 

drawbacks. For example, engines driven by this 
Steam are liable to be damaged owing to the 
priming caused by the rapid fall of temperature. 
Further, the material from Which the generator 
itself is formed will be adversely affected by these 
rapid falls in temperature either through changes 
in the inner structure of the material itself or 
through tenperature StreSSes produced. 
When the output of the generator is reduced, 

less feed liquid is Supplied to it. The Smaller 
quantity SO Supplied Will be heated more quickly 
in accordance With the curve illustrated at f2c, 
the evaporation point at the Start being shifted 
from the original point 3 to the new point 3c 
and the point 4 where evaporation was com 
pleted to the point f4c. The small amount of 
heat transmitted to and absorbed by the steam 
from the tubes between the points 4c and 5c is 
unable to effect any appreciable change in the 
temperature of the tube wall, So that the ten 
perature of the Steam at the point of discharge 
will only be raised to a negligible extent, that is 
from the point, 5 to the new point 5c. 
Only after a considerable time Will a change 

in temperature at the outlet end of the tube sys 
ten be perceptible, as in the case When the load 
is increased, but then this change will take place 
rapidly and the temperature will quickly rise to 
a dangerous extent. Such fluctuations lead to 
irregular working of the engine or apparatus 
driven by the engine. 
According to the invention both the working 

medium and the fuel are regulated in accordance 
with the temperature of the working medium at 
a point in front of the outlet end of the tubes. 
In Figure 2 this point is indicated at 6. As will 
be Seen from the diagram, the point at which the 
temperature-responsive device is placed is pref 
eiably behind the point at Which the steam is 
completely evaporated in the tubes, at which 
point large changes of temperature take place 
in the tube System directly upon any alteration 
occurring in the load, thus enabling a quick and 
effective regulation of the generator to be ob 
tained. Such a method avoids the drawbacks of 

2,027,443 
existing Steam generators in which evaporation 
takes place in a System of tubes and regulation 
is effected in accordance with the temperature 
of the Steam delivered, for in such existing ar 
rangementS, OWing to lag, the whole process of 
regulation is eXposed to such fluctuations that 
effective working is almost impossible. As com 
pared With Such existing methods the regulation 
in accordance with the present invention en 
ables fluctuations in the temperature of the steam 10 
generated to be practically eliminated and the 
improved regulating means can be readily set or 
adjusted, 

Referring more in detail to the construction 
shown in Figure 1, fuel is supplied to the burner is 
5 by means of a pump 40 through the pipe 6, 
and the main Supply of feed water or other work 
ing Inedium is delivered to the tubes by means 
of a pump i? through the main supply pipe 3. 
Both pumpS 40 and 4 are driven from a common 20 
engine 42 so that the quantities delivered by 
them are always in a fixed ratio to one another. 
Further, an additional supply of feed water or 
like Working medium is introduced into the sys 
ten of tubes by means of an auxiliary pump 43, 25 
this pump being driven by a separate motor or 
engine 44 controlled by the temperature of the 
evaporated WOrking medium in the tube system 
in advance Of the Outlet end of the tubes So that 
When the temperature of the working medium in S0 
the tube System rises, this pump delivers a great 
er quantity, and conversely a smaller quantity 
of additional Working medium when the tem 
perature drops. 
The approximate regulation of this steam gen- is 

erator is effected by a change in the number of 
revolutions of the engine 42 which drives the 
main fuel and feed water pumps. Fine adjust 
ment to maintain constant steam temperature at 
the Outlet end of the generator is effected by 40 
interposing between the points 45 and 46 of the 
tube System a branch pipe 47 in which a tem 
perature-regulating device, such as that illus 
trated in Figure 3, can be provided. Within the 
pipe 47 a Second length of pipe 48 of some dif- 45 
ferent material and of reduced cross-section, 
is SO mounted that its end 49 is firmly secured 
to the pipe 47, as by means of the perforated 
plug 50, Whilst its other end is secured to a 
Sliding member 52. The pipes 47 and 48 are 50 
forined of different material, for example brass 
and iron having different coefficients of expan 
Sion, SO that When the temperature of the Work 
ing medium flowing through the pipe 48 and per 
forations 54 rises, the length of the pipe 48 will 55 
increase relatively to that of the pipe 47, and con 
versely, when the temperature of the working 
medium drops, the pipe 48 will be reduced in 
length, a sliding block 52 moves over the inner 
Wall of the branch pipe 47 and when the pipe 48 60 
is shortened, shuts off the branch outlet 53 but 
Opens this branch if the pipe 48 increases in 
length relatively to the pipe 47. 
The auxiliary feed pump 43 is driven by an 

engine Supplied with steam through the branch 85 
53 from the branch or by-pass pipe 47. When 
the temperature of the working medium in the 
branch pipe 47 rises, the engine 44 will therefore 
receive more steam, so that its speed will increase 
and consequently the pump 43 will deliver more 70 
feed liquid to the tube system. Similarly, when 
the temperature in the branch pipe 47 sinks, 
the number of revolutions of the pump 43 will 
fall So that a Smaller additional quantity of feed 
liquid will be delivered to the tube system. 5 
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With the above arrangement, regulation to ob 

tain Steam at constant temperature at the out 
let A is effected by varying the additional amount 
of feed liquid delivered by the pump 43 in ac 
cordance with the thermostatic devices 47, 33, 52, 
regulation to neet changes of load. On the Steakin 
generator being produced by Varying the main 
supply of feed liquid delivered by the pump A 
and the Supply of fuel delivered by the fuel 
pump 4. 

Regulation can also be effected by setting or 
adjusting the quantity delivered by the pump : 
for delivering the main feed Water Supply to 
Suit a given load, for example, in accordance With 
the smallest load, whilst if fluctuations of load 
occur regulation will be effected by varying the 
additional supply of feed liquid. 
The additional or auxiliary amount of feed 

liquid is introduced into the system of tubes at 
a point between the main inlet and the point 
where additional liquid is normally introduced, 
e.g. at the point 60, an additional pipe being 
provided for that purpose. Such an arrange 
ment is quite accurate and gives quick regula 
tion. 

It Will be understood that instead of depend 
ing on the temperature at the point S (Figure 2) 
where evaporation of the Working medium has 
already been completed, an additional heat-re 
sponsive element may be introduced Say at the 
point 6a (Figure 2) where the working medium 
is still liquid, it being essential that this ad 
ditional temperature-responsive point should be 
in advance of the outlet where the tempera 
ture retardation has only a minor effect on the 
degree of regulation. 

It Will also be understood that the inven 
tion can be carried into practice Without ineces 
sarily adopting any of the particular construc 
tions above described, and that instead of the 
thermo-elements or thermostatic devices Speci 
fied, any other known suitable device may be 
employed. The number of revolutions of the 
pumps may be used to regulate the quantity de 
livered, or the stroke or clearance, or by-paSS 
or throttle valves may be used for this pur 
pOSe. 
The steam generator may be supplied With 

solid, pulverized, gaseous or liquid fuel, the regul 
lation of which can be effected in any conven 
ient manner, and any working medium which 
lends itself to evaporation may be used Without 
departing from the invention. 
This application is a division of Iny applica 

tion for Steam generators of the Water tube type, 
Serial No. 504,261, filed December 23, 1930. 
I cairn: 
1. A steam generator, comprising at least One 

tube for the Working medium, means for heating 
said tube, a pump for supplying fuel to Said heat 
ing means, a pump fossupplying Working medium 
to said tube, the two pumps being driven by the 

3 
same means, and a pump for supplying auxiliary 
Working medium to said tube on Occasion, and a 
Single instrumentality for controlling, independ 
ently of vaporization Zones, the speed of said 
auxiliary pump by the temperature, only, at that 5 
point in the tube System. Where under normal Con 
ditions the Working medium first begins to change 
from saturated to superheated steam. 

2. A Steam generator, comprising at least One 
tube for the working medium, means for heat 
ing Said tube, a pump for Supplying fuel to Said 
heating means, a pump for Supplying Working 
medium to Said tube, and a pump for Supplying 
auxiliary Working medium to said tube on Occa 
Sion, and means for regulating the Speed of Said 
auxiliary pump in accordance with the tempera 
ture at that point in the tube System where under 
normal conditions the Working medium first be 
gins to change from saturated to Superheated 
steam, said main pump for Supplying Working 
nedium to Said tube being independent of Con 
ditions in the tube to deliver a constant quan 
tity, and said auxiliary pump being connected 
to said tube to be varied by the temperature at 
said point in the length of the tube to automati- 25 
cally deliver a variable quantity to take care of 
the respective variations in the load on the gen 
erator. 

3. A steam generator, comprising at least One 
tube for the Working medium, means for heating 30 
said tube, a pump for Supplying fuel to said heat 
ing nears, a pump for supplying Working ledium 
to Said tube, a pump for Supplying auxiliary 
Working medium to said tube on Occasion, and 
means for regulating the speed of said auxiliary 35 
pump to effectuate fine adjustments in the tube, 
Said means being actuated Solely by the tempera 
ture at that point in the tube system where 
under normal conditions the Working medium 
first begins to change from Saturated to Super 
heated steam and consisting of a heat-responsive 
device, adapted to maintain constant the tem 
perature of the steam at the outlet end of the 
tube, extraordinarily large changes in the load. On 
the generator being accommodated by Varying 
the Speed of the first two pumpS. 

4. A steam generator comprising at least one 
tube for the Working medium, means for heating 
said tube, a pump for supplying fuel to Said 
heating means, a pump for Supplying Wo:king 
medium to said tube, a pump for Supplying aux 
iliary Working medium to said tube on occasion, 
the inlet thereof to Said tube being located nearer 
the tube outlet than is the main inlet, the quan 
tity of fluid fed being regulated by the speed of 
said auxiliary pump, said speed being regulated 
by the temperature at that point in the systern 
Where under normal conditions the Working ine 
dium first begins to change from Saturated to 
superheated steam. 
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