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This invention relates to vapor generators of
the forced passage type, and more particularly to
means for controlling the operation of such va-
por generators.

Vapor generators of the forced passage type
comprise a once-through vapor passage receiving
liguid at one end and delivering superheated va-
por at the other end.

In a generator of the forced passage type—
in distinction from any other generator type—
the evaporation zone is liable to be displaced
due to any change In the generator load, it being
understood that a decrease results in & displace-
ment of the evaporation zone in the direction
toward the superheater section or the output end
of the passage, whereby the length of the super-
heater sectlon will be changed and the tempera-
ture of the consumption vapor varied accord-
ingly.

For this 1eason a previous proposal has -been
made to provide means for preventing the evap-
oration zone from undergoing any displacement
in the passage.

The present invention is based on the percep-
tion that the uncontrolled displacement of the
evaporation zone is adapted to be used for con-
trolling the operation of the generator by dis-
placing the evaporation zene at will in accord-
ance with the operating condition of the gen-
erator, more particularly in accordance with the
generator load.

Such a positive displacement of the zone of
evaporation may be advantageous both in the
sense of a dlsplacement toward the output end
and toward the input end of the passage upon
a load increase. The former would be desirable
if it is essential to maintaln constant the tem-
perature of the delivered superheated wapor
whilst the latter would be preferable to enhance
the storing capacity of the generator.

In order to more fully explain the subject mat-
ter of the invention anrd its aims and objects rei-
erence is had to the accompanying drawing in
which

Fig. 1 is g diagrammatie view of & vapor gen-
erater of the foreed passage type provided with
a controlling device according to my invention,
and

PFigs. 2 and 3 show a reversing device as more
fully explained below.

The vapor generator in the usual manner com-
prises a once-through fluid passage | communi-
cating at the input end with a supply conduit 2
supplled by means of & pump 3 and provided with
a controlling valve 4 for varying the supply in
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response to the generator load. To the ocutput
end of the passage 1 1s connected a main or
consumption conduit 6 leading to a -consumption
apparatus {not shown). A pressure impulse con-
duit § branches off from this conduit 5§, the pres-
sure in said impulse conduit varying as & func-
tion of the generator load and therefore heing
adapted to be used as a load impulse for con-
trolling the supply control valve 4. A bellows 1
is acted upon by the pressure in the conduit &
for controlling a lever 8 swingably mounted at
8 and provided with a counterweight 18. Upon
a load iIncrease the weight 18 rockg the lever
8 in clockwise manner so that the jet pipe 1|
of a well known Askania jet pipe relay deflecis
to the left thereby inereasing the pressurp below
the piston of a servo-motor 12 operntively con-
nected to the valve 4. Aocordihgly the valve 4
will be further opened and the flow of the supply
and the quantity of feed water correspondifgly
increased in response to the increas: of the gen-
erator lead, A restriction 18 in the conduit 2
is provided for deriving a feeéd water quantity
impulse acting upon & digphragm 14 for exerting
& restoring action on the jet pipe 11 by means
of a well known counter-lever (5 arxd & rstio
slide 16. The increase of the feed water flow
due to the cpening of the valve 4 redulig in an
increase in pressure on the left side of the dia-
phragm 14 which leads to an increase in the
counter-force restoring the jet pipe 1 to s mid-
dle or neutral position shown in Fig. 1.

The water supplied by the tonduit 2 to the pas-
sage | is preheated In the first sectlon thereof
and evaporates in the second section. In the
range of the evaporation zone 171 a préssure im-
pulse conduit 48 branches off and leads to a
hellows 18 for controlling a valve 2 in the main
or consumption conduit 5, this valve being ar-
rahged beyond the point of communication 24 of
the pressure conduit 6 shove referred to, The
beliows 18 controls a jet pipe 22 by means of a
lever system similar to that shown and described
in connection with the hellows 7. The jet plpe
22 controls a servo-motor 28; the piston of which
is operatively connected to the valve 20 pnd con-
trols this valve in such a manner that the pres-
sure in the passage at 11, 1. e. the evaporation
pressure, remalng substatitially constant. Be it
assumed that due to a load iacrease the pres-
sure at {1 decreases, then the jet pipe 22 will
deflect to the left and the piston of the servo-
motor 33 will move downwardly thereby further
closing fthe valve 20, so thmt the pressure at 1T
is again incremsed until the predetermined pres-
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sure value to be maintalned constant is obtalned.
This predetermined pressure value is represented
by a counter-spring 24 acting on the jet pipe 22.
Any variation In the initial tension of the spring
results in a corresponding variation in the pres-
sure at {7 in the passage.

In the embodiment shown means are provided
for likewlise controlling the fuel supply In response
to the generator. An electric motor 2§ iz cou-
pled with a conveyor 28 of a well known pulver-
izer system and wlth a measuring fan 27 produc-
ing in a conduit 28 a pressure varying in response
to the fuel feed. For controlling the fuel feed
the motor 25 will be controlled by means of &
rheostat 29 inserted in the motor circuit (not
shown.)

For varylng the part of the rheostat inserted in
the motor circuit, & servo-motor 30 Is provided con-
trolled by means of a jet pipe relay 31 together
with a bellows 32 acted upon by the bressure In a
pressure Impulse conduit 33 communicating with
the main or consumption conduit § as at 34, 1. e.
beyond the valve 20. Upon a load increase the
pressure In the conduit 33 decreases so that the
Jet pipe 31 deflects to the left and displaces the
piston of the servo-motor 38 to the right, there-
by decreasing the resistance of the rheostat 20
and increasing the speed of the motor 25, Ac-
cordingly the pressure in the conduit 28 increases
g0 that the pressure on the left slde of the dia-
phragm 35 Increases and exerts a restoring action
on the jet pipe 31 similar to the dlaphragm 4
acting on the Jet pipe I 1.

Beyond the point {1 in the passage & tempera-
ture sensitive member 38 iz provided for con-
trolling by means of & relay 31 (the detalls of
which are more Iully explained below) a servo-
motor 38, the plston of which is connected to a
cam 89 for displacing the well known ratio slide
40, by means of which the transmission ratio be-
tween 82 and 35 may be varied in 8 manner well
known to any one familiar with the Askania jet
pipe relay. The influence exerted by the tem-
perature sensitive member 36 upon the fuel sup-
ply control in dependence on the generator load
serves to ¢orrect that control for maintaining con-
stant the temperature at 36 in the passage at any
generator load.

This temperature has a predetermined relation
to the pressure at 17. By maintalning constant
the pressure at 17 in the evaporation zone, 1, e.
in the zone of saturated vapor, the temperature
at this point will be llkewise maintained constant
and therefore the temperature at 36 should be
higher by an amount corresponding to the super-
heating of the vapor flow from (7 to 36. ’

Now by maintaining constant the pressure at
(7 in the manner described above and by likewise
maintaining constant a higher temperature at 36
the evaporation zone is prevented from undergo-
Ing any displacement in the passage for the fol-
lowing reason: °‘If, for instance, the evaporation
zone Is displaced in direction toward the output
end, the¢ temperature at 36 will decrease due to
the shortening of the superheating path up to 28,
Therefore the serva-motor 38 increases the fuel
supply to the generatbr by meanhs of the slide
valve 40 until the temperature at 36 Bgain rises
to its predetermined walue, which 1s the case as
soon as the evaporation zone returns to 17,

As stated above, the initial tension of the spring
24 acting upon the jet pipe 22 represents the
value of the pressure to be maintained constant
at 17. Accordingly the pressure at {7 may be ad-
justed by varying the tenslon of the spring 24.
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In accordance with the present invention means
are provided for varylng the tensfon of the spring
24 so as to displace at will the evaporation zone
in response to any operating condition of the
generator. In the embodiment shown, the t{en-
sion of the spring 24 Is varied in asccordance with
the generator load. To this end a bellows 41 is
acted upon by the control pressure in the conduit
88, a branch conduit 42 leading from 83 to 41, A
jet pipe 43 actuated by the bellows 41 controls a
servo-motor #4, the plston of which carries a cam
4§, upon which the spring 24 rests.

This arrangement operates as follows: At a

'load increase, the impulse pressure in 33, 42 and

41 18 reduced, consequently the jet plpe 43 is de-
flected to the left and the piston of the servo-
motor 44 and the cam 45 forced upwardly. Thus
the spring 24 Is expanded and, provided that a
constant pressure exists at 17, 1. e. on the bellows
19, the jet pipe 22 is deflected to the left, The
valve 20 is closed still further, which results in
an Increase of pressure at 1T until the equilibrium
is re-established between the reduced tension of
the spring 24 and the force acting on the jet pipe
22 in the opposite directlon, 1. e. the force result-
Ing from the difference between the bellows (8
and the weight {9a,

A pressure Increase at {71 causes a dispiace-
ment of the evaporation zone toward the output
end of the passage |, as & higher pressure 18 co-
ordinate with a corresponding higher saturated
vapor temperature which oniy occurs at a point
lying a distance between the points 17 and 38 in
accordance with the pressure Increase at this
point. In this way the length of the superheater
sectlon is reduced. This reduction in length does
not represent a drawback, on the contrary, at a
load Increase the rate of the flow of vapor through
the superheater section increases correspond-
ingly. This rate increase, however, results In
an enhancement of the heating process with the
consequence that the temperature of the issuing
superheated vapor would increase if the length
of the superheating section, 1. e. the position of
the evaporation zonhe in the passage, were to re-
maln the same, The reduction in length of the
superheater section results in a compensation In
the sense of maintaining constant the tempera-
ture of the issuing superheated vapor.

A load decrease results in an increase in ten-
sion of the spring 24, 1. e. a pressure decrease at
17, and hence in a displacement toward the
Input end of the passage of the evaporation
zonhe, which of course likewise acts in the sense
of malntalning constant the temperature of the
super-heated vapor entering the maln or con-
sumption conduit 3.

If in distinction from this embodiment shown
in the drawing it is desirable that a load Increase
be accompanied by a displacement of the evap-
oratlon zone toward the Input end, it will anly be
necessary to exchange the action of the condults
48, 47 leading from the Jet pipe 43 to the servo-
motor 44,

For the purpose of a simple reversion of the
control of the spring 24, the two pressure fluid
condults 46, 41 may be each provided with a
cock 40, 49, respectively, and with additlonal
conduits in the manner shown in Flg. 2. The two
cocks are coupled with each other and may easily
be reversed from one controlling direction to the
other by a single turn,

In the positlon indicated in Fig. 2 the left re-
celving nozzle of the Jet pipe 43 is connected to
the lower point of connection of the servo-motor
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44 and the right receiving nozzle to the upper
point of connectlon. The arrangement accord-
ing to the invention thus operates in the sense of
the temperature of the jssuing vapor being main-
tained constant.

If the two cocks are turned simultaneously by
90°, the result is the position shown in Fig. 3
in which the left receiving nozzle of the jet pipe
43 communicates with the upper end of the servo-
motor 44 and the right nozzle with the lower end
of same. At the same deflecting direction of the
jet pipe 43 the controlling direction is thus re-
versed (which is tantamount to increased storing
capacity of the vapor generator).

As will be readily understood, the novel and
useful displacement of the evaporation zone can
be obtalned not only by adjusting the tension of
the spring 24, 1. e. the value of the pressure at
{1, but also by adjusting the value of the tem-
perature at 38 to he maintained constant. In
like manner it may be arranged for the pressure
value at 1T and the temperature value at 36 to be
adjusted in response for instance to the load
variation.

The means above described are bhased on the
principle to displace the evaporation zone by
varying the pressure to be maintained constant
at 17, 1, e, the tension of the spring 24. It is,
however, likewise possible to displace the evap-
oration zone by varying the temperature value to
be malntained constant, i. e. the temperature at
the member 36. To this end the relay 37 must
be influenced in the same manner as the relay
22 by varying the Initlal tension of the spring 24.

The relay 37 comprises a jet pipe 50 the receiv-
ing nozzles of which communicate with two con-
duits 51, 52 leading to the servo-motor 38 for
controlling by means of the cam 39 the ratio slide
40, The temperature sensitive member 36 is
shown to he & tube 53 connected to a loop la
of the passage |, so that the tube 53 assumes
the temperature of the loop i, 1. e. the tempera-
ture of the vapor. The tube 53 is of a material
having a high coeflicient of expansion by heat.
Within the tube there is provided & rod 54 one
end of which Is fastened to one end of the tube
53 whilst its other end s connected to & lever 55
swingably supported on a knife edge 56 and co-
operating with the jet pipe 50. In the oDposite
direction & spring 5T acts upon the jet plpe as
is usual in the well known Askanig jet pipe relay.

The knife edge 56 may be displaced in a direc-
tion transverse to the lever 55 by means of a
link 58 swingably mounted at 59 and operatively
connected to the rod 60 of a servo-motor piston
61. This servo-motor belongs to the jet pipe 43,
two condults 46¢, 47¢ branching off the conduits
46, 47 as shown in Fig. 1.

The conduits 46 and 47 as well as the conduits
462 and 47a are each provided with a stop valve
62, 63 and 64, 65, respectively in such manner
that by closing the valves 64, 65 the evaporation
zone will be displaced by varying the initial ten-
sion of the spring 24 whilst by closing the valves
62, 63 the evaporation zone will be displaced by
varying the temperature value to be malntained
constant at 36 in the manner now to be de-
scribed.

Be it assumed that the evaporation zone
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shifts in the direction toward the output
end of the passage 1. Such a displace-
ment results In a decrease of the temperature at
36 so that, due to a contraction of the tube 53,
the rod 54 rocks clockwise thereby deflecting the
jet pipe 50 likewise in a clockwise direction and
displaces the piston of the servo-motor 38 to the
left. In consequence thereof the fuel supply
will be decreased until the evaporation zone re-
turns to 1T as described abhove. The same opera-
tion may be obtained by varying the tempera-
ture value to be maintalned constant in the fol-
lowing manner: As soon as the knife edge 56 is
displaced to the right, for instance, the spring
57 deflects the jet pipe in clockwise manner,
thereby reducing the fuel supply and thus re-
ducing the temperature to be maintained con-
stant at 38. As will be readily understood from
the drawing, any displacement of the servo-
motor piston 61 results in a displacement of the
knife edge 56 corresponding to the variation in
the tension of the spring 24 produced hy a de-
flection of the jet pipe 43, which results from
any load variation.

If it should be desirable to vary not only the
pressure value to be maintained constant at IT
or the temperature value at 36, but both of said
values, all the valves 62, 63, 64 and 65 would be
opened. In such event I prefer to provide means
for a successive operation of the servo-motors
44 and 6f in such a manner that upon a load
variation the servo-motor 44 is first put Into op-
eration and influences the spring 24, i. e. the
pressure to be maintained constant at 1T and
subsequently the servo-motor 61, which influences
the temperature to be maintained constant at
36. In view of this the springs 66 and 87 may
be arranged at both sides of the servo-motor pis-
ton 61 to retain the piston in its middle position
until the servo-motor 44 approaches the end of
its stroke.

In another embodiment the springs 66 and 67
may be Inserted in the servo-motor 44 so that
the servo-motor 61 is put into operation before
the servo-motor 44.

For the sake of completeness it may be sub-
mitted that it is further possible to use, instead
of the springs 68 and 67 any other arrangement
according to which the servo-motor which should
operate first automatically controls the valves
62, 63 and 64, 65 of the other servo-motor. The
respective valves remain closed until the piston
of the servo-motor operating in the first place
approaches the end of its stroke. The servo-
motor is put In action by automatic opening of
sald valves.

It is to be noted that the desired displacement
of the zone of evaporation need not be effected
in dependence on the load but may just as well
be achieved in response to other operating values
as for instance the temperature of the issuing
superheated vapor. Control in response to the
temperature of superheated vapor would be de-
sirable particularly where the zone of evapora-
tion is to be displaced as a means of preventing
?qctuatlons in the superheated vapor tempera-
ure,

FERDINAND RIEDEL.




