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1

This iivention relates to-a method and means
for opergting znd controlling the operation of
vapor generators; particularly vapor generators
of tiie druinless, forced-flow type having o fluid
flow path includivig one or mote long small-bore
tubes, in which the flow in the path is initiated
by the entrance of liquid under pressure 4t one
end anid the exit of vapor only dt the other end.

Such vapor geaerators Have a small liguid storage

with a high rate of evaporation and are wsually
heated by the products of combustion.

One form of forced ¢iiculation vapor gehera-
tory is diz¢losed in-my prior Patents 1,975,085-6 45
having a cuce~through fuid path receiving Hquid
undeyr pressure ot one end and delivering supers
heated vapor only ot the other exid, with no addi-
tion: to; ol diversion: fram; the flow intermediate
the ends of the path.

Arother form. of forced circulation vapor gen-

rators is disclosed int my prior Patents: 2,170,344
angd. 2,170,346, characterized by havihg an inflow
of Diguid normslly greater thar the outflow of
vapor, the difference being diverted from the path
interifiediate the ends: tHereof,

My present ifivention: is coricerned with striic-

ture embodying features of éach of these forms,

znd with provision for selectively varying the op-
eratinig arrangement of the vapoy generator,
Particularly, I am-concernéd with providing an
arrangement, ds well as a- metlhiod of opsrating
the same, whereby thie unit: Hay be operdted at a

selected one of two or more predetermined cutlet

vapoy temperature standdrds.

Suchi a. vapor generator, Wavitg small liguid
storage and operated with wide range combus~
tion deviees, forms a combination rendering prac-
tical extremely high hieat release rates with the
consequent ability to economicdlly handle prac-
tically instantaneousload changes from miinimum
to- maximum, and vice versa, without heavy
standby expense, and is particularly suitable for
operating conditions such’ as mobile service: where
load variationg are of & wide rangé and are &~
quired- to be et substantially instantaneously.

The generator has a: miniiaim: liquid: storage
capacity with-a maximum heat:absorbing surface.
so disposed and arranged as to be’ substantially

instantaneously responsive to rapid: changes: and:

wide- diversity in: heéat release rate in-the:furnace:
The" heat absorbing surface is arranged in: rela-
tion- to: the path: of the products of combustion
and-radiant heating: so that the entering liquid is
received at the cooler end’ of the path: Further,

the: vapor generator, insofar as: the: passage: of
combustion:gases is concerned, has: a‘cotitindously’
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2
increasing resistarice to gas flow throughout the
length:of the pas§age.

In: vapor generdtors of the first mentioned
forni having a chce=through fluid flow path with=
out circildation, and wherein: the lquid volume: is
always at a minimund, the liquid inflow must of
necessity be continuoils and: at all times propor-
tioned to the vapor demand or generator load.
Furthermiore, this type of unit, haviig no sub-
stantial resérve liquid capacity and the finid in
motien in the cireuit varying from lguid to vapor
with interitediate percentages of vapor and liguid
mixture, cannot be equipped with any liquid level
indicating device, such as the standard water
glass, to establish o safe opérating eondition.
Vapor is geherated in the tubes as nééded, and
theé liquid is fed to the tubés at such a rate that

he desired broportion is héld in a tube bétween

liguid axid vapor, so that: vapor of the desired
amount and quality may be obtgined. My prior
patents provide as method and means for operat-
ing su¢h a vapor generator in accordance with de-
sired vapor conditions. ;

In such a once=through fiuid flow unit a con-
stant predeterminied quality or temperature of
the' vapor outflow may be insured: regardless of
the rate of outflow, through the maintaining sub=
stantially constant: of the percentage of the fluid:
flow path within the boiler in- which vapor alone
exists. The point of conversion to-complete vapor
state, beyond which  in the flow path the fluid
exists as' vapor only, tends during. operation to
move along the flow path:through several causes;
such; for example, as- variation in the rate of
liquid inflow relative  to the rate of vapor out-
flow, and through variation in the rate of supply
of the elements of combustion for heating or
causing change of state or temperature of the
fluid.

Prior boilers of this type have been-operated: to
evaporate all of the liquid entering the relatively
cold end of the forced circulation path- and to
produce & vapor outflow, either saturated-or at-a
bredetermined degree of superheat, dependirig
upon- an- operation- of the unit such that g prew
selected proportion-of the totallength-of the path
comprises liquid or mixture while the remaining
preselected portion of the path comprises steam
drying or superheating surface. It Has not been
too satisfactory to attempt- to operate such: a
vapor generator at different: selected: values: of
total- vapor temperature, and particularly where’
such-values are quite far apart. For & given or
fixed structural arrangement; the other variables
in-supply and operation: of-the unit precludé se-



2,598,235

3

lectively operating over a wide range in total
vapor outflow temperature.

The second mentioned form of vapor generator
in which more liquid is supplied at the entrance to
the path than leaves as vapor at the exit of the
path, with some of the liquid being diverted in-
termediate the ends of the path, presupposes &
definite length of path for vapor generation be-
fore the point of diversion, and a predetermined
length of path for vapor superheating after the
point of excess liquid diversion.

In such a unit, the heat absorbing surface, or
flow path for the working medium, is comprised
of one or more long small-bore tubes with an en-
largement, preferably at the end of the generat-
ing section, which acts as a separator to divide
liguid and vapor. The vapor is then passed
through a superheater, while the excess liguid
carried through the tubes for the purpose of wet-
ness and preventing scale deposit is diverted out
of the separator under regulated conditions.
From the separator there is usually a continuous
and an additional regulated spillover or diversion
of a part of the liquid entering the economizer
under pressure, so that there is always being fed
to and through the economizer and vapor gen-
erating sections more liguid than can be con-
verted into vapor in a single passage there-
through, although the proportion of such excess

liquid represents but a small part. of the total !

volume of fluid passing through the vapor gen-
erator, and is at most times only sufficient to
insure tube wetness and to carry off scale forming
material.

In vapor generators of this character, having
small liquid and heat storage with high release
capabilities, the liquid inflow must of necessity
be continuous and at all times proportioned to the
vapor outflow, at the same time taking into ac-
count the desired diversion of excess liquid from
the flow path. My prior patents of the second
mentioned group are directed to the control and
operation of such a vapor generator.

The particular arrangement provided by the
present invention includes certain structural fea~
tures of the two mentioned forms of forced cir-
culation vapor generator, and the invention pre-
vides a method of operation having advantageous
features over prior vapor generators of the type
mentioned. Principally, such a construction and
method of operation provides for a wide tem-
perature range of operation. The arrangement
permits the selective interposition of a separator
into the flow path at a selected one of several
locations along the path, or the separator may
selectively be omitted from the flow path. By
such operation the ratio of vapor generating tc
vapor superheating surface may be modified for
the purpose of securing different ranges of super-
heat temperature or of total temperature of the
vapor leaving the unit.

Specifically, I provide a structural arrange-
ment which may be operated selectively at one
or more total temperature values of the vapor
outflow while maintaining the desired vapor out-
flow pressure and proper combustion conditions
for efficiency.

In the drawings:

Fig. 1 illustrates diagrammatically an embodi-
ment of my invention.

Fig. 2 illustrates diagrammatically a somewhat
similar embodiment to Fig. 1, but including cer-

tain automatic provisions for use in connec-

tion with ship propulsion. .
Referring now in particular to Fig. 1, I have
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illustrated a steam generator { having a furnace
2 for heating fluid passed through a plurality
of parallel conduits in heating relation with the
combustion and products of combustion. The
elements of combustion, such as fuel and air for
example, are fed to the furnace 2 in regulated
amounts through the conduits 3 and 4 respec-
tively. Inasmuch as the present invention is not
directed to the regulation of the rate of supply
of the elements of combustion cr of the uptake
damper 5, I have not herein disclosed any means
for regulating the same, but refer to my various
patents aforementioned.

in like manner my present invention is not
directed to any control of the rate of water inflow,
or of vapor outflow, or of the specific value of
vapor outflow temperature or pressure. As previ-
ously mentioned, the present invention is con-
cerned particularly with selectively varying the
relative proportion of vapor generating surface to
vapor superheating surface within the unit, and
with the consequent result of preselected vapor
cutfiow total temperatures.

Liguid to be converted into vapor under pres-
sure is fed to a header § through a conduit
7 by a pump (not shown). From the header §
originate two parallel conduits 8, 9, each of which
are of small diameter and great length, being
formed sinucusly in layers by suitable bending
in a water heating or eccnomizer section 19 of
the flow path, the lower portions of which having
much greater length than the upper portions and
which extend ocutwardly into the walls of the flue
passage for support. It will be understood that
two parallel circuits are shown in the fluid path
by way of example only, and that this might
equally as well as a single circuit or more than
two circuits in parallel.

From the economizer section 13 the paralicl
conduits lead to a header i { and from the header
{1 enter the furnace at 12, whereafter they are
coiled upwardly surrounding a secondary com-
bustion space of the furance. A certain portion
of the surrcunding conduit wall may normally
comprise a steam generating portion {3, while
the uppermost portion of the surrounding con-
duits comprise a superheating section {4, from
which the parallel conduits lead to a header {5,
and thence through a conduit 1§ to a turbine or
cther utilizing apparatus. It is a particular fea-
ture of the present invention to selectively vary
the proportion of the heating surface i3 to the
surface {4, namely, the proportion between vapor
generating surface and vapor superheating sur-

face.

The products of combustion pass from the fur-
nace 2 in series heating contact with the vapor
generating portion {3, the superheating portion
{4, and the economizer portion I8, to a stack
17 whose draft is controlled by the positioning
therein of the damper 8.

It will be observed that the grouping of the
parallel conduits 8, ¢ is definitely segregated into
three -sections, namely, an economizer section
10, a vapor generating section {3 and a super-
heating section {4, wherein the fduid flowing
through the conduit is continuously in heating
relation with the products of combustion passing
from the furnace. Equalizing headers or mixing
boxes 18, 19 and 28 are shown in the flow path
to cause the fluid of the several parallel conduits
to commingle and for equalization of tempera-
ture and distribution, whereafter they again sep-
arate into the respective flow conduits. Obvi-
ously, in the present diagrammatic showing the
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mixing boxes (8, {8 and 20 are for clarity shown
at o dispropertionate distance from the generator
. Likewise, the conduits 8, § where they join the
surfaces 10, 13-and 14 with the headers 8§, i{, {5
and the mixing boxes I8, i8 and 28 are shown
diagrammatically in single line.

It will be seen that the grouping of the respee-
‘tive portions of the conduits is such that each
represents a continuous fluid path of great length

and small diameter from: liguid entrance $o vapor

outlet with some portion thereof having a fiuid
flow countereurrent to the hot gases passing
thereover, while other portions thereof have fluid
fiow with the gases passing thereover cencur-
rently.

‘The grouping of the conduit sections and their
arrangement with respect to the furnace, sec-
ondary combusticn -chamber and flue, is .sueh
that insofar as arrangement is considered the

heat absorbed by any one eonduit is substantially

equal to the heat absorbed by any other conduit,
with the result that heat input to each conduit
for a given combustion condition is approxi-
mately constant, and the furnace and flue are

constructed so that the heat stored therein is at ¢

8 minimum.

Referring partieularly to the arrangement of
Fiz. 1, it will be observed that the parallel cir-
cuits 8, 9, entering the furnace at 12, corprise

the lowermost coils of the vapor generating por- 3

tion of the path. I have diagrammatically in-
dieated that at some location 21 I bring the two
‘circuits as pipes 25, 26 outwardly to the mixing
box 18, and from the mixing box return the. eir-
cuits as pipes 21, 28 to again enter the heating
chamber. Again at some location 22 I bring the
circuits out as pipes 29, 39 to the mixing box 19
and return them to the heating chamber as pipes
31, 32. Again at a location 23 I bring the circuits
out as pipes 33, 34 to the mixing box 20 and re-
turn them to the flow path as pipes 35, 35. The
two. tubes then leave the upper portion of the
heating chamber as at 24 to the header i5.

Interposed between the pipes 26-—21, 2528,
3931, 2832, 34—235, and 33—36 are valves A,
B, C, D, E and F respectively. The valves are
located in the pipes at the outlet side of the re-
spective mixing boxes 18, 19 and 20: between the
mixing box and the reentrant point of the paral-
lel circuits to the heating chamber.

In each instance, between the valves and said
reentrant point the two circuits are joined to-
gether with a pipe which leads through a valve
G, H or I to join the steam takeoff of a steam-
water separator-3T.

As:disclosed in my prior patents, when 3 liquid-
vepor mixture-is diverted from the flow path it
tangentially enters a bulge in the Auid flow path
in the form of a separating chamber 37 for divid-
ing the fluid into liquid and vapor, the vapor of
which may then be returned to- g superheating
vortion of the path and the excess liguid being
diverted from the path throush g pipe 38 to the

hot. well or to: waste. There may be a normally:
continuous spillover, or g variable spillover under ¢

the control of a. valve.33.

Joining the separator-31 with the mixing boxes
18, 19 and 20 are pipes in which are located re-
spectively valves K, I, and M. The pipe by which

steam leaves the separator 37 I have designated 7

at 48, while the pipe by way of which a steam-
water mixture may enter the separator 87 I desig~
nate at. 4. It will be observed that the pipe &1
may be joined to-the pipe- 1§ through the agency
of a valve N, while the pipe 40 may- he joined to
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6
the pipe 1§ through a valve O. A sectionalizing
valve J is located in the pipe 16 intermediate said
Jjoining points.

From the description, and from a study of .the
drawing, it will be seen that I have provided the
necessary structure and apparatus wherein I
may, by proper manipulation of the wvarious
valves, selectively vary the proportion of the
vaper generating surface {3 to the vapor super-
heating surface (4, i. e. by preselecting the lo-
cation 2f, 22, 23 or 24 where the fluid is with-
drawn from the heating chamber and/or re-
turned thereto.

By way of example it will be seen that if T de-
sire 1o operate the unit as a once-through forced
circulation vapor generstor without using the
liquid-vapor separator 37 I would eperate with
valves A, B, C, D, E, F and J open angd with valves
G H LK L MN, O closed.

On the cther hand, if T desire to operate with
a maximum of superheating surface within the
heating chamber I would so adjust the valves
that the steam-water mixture would leave the
flow path at 21, enter the mixing ehamber 48
and pass to the separator 31. The water from
the mixture would be discharged through the
pipe 38, while the steam would leave’ through
the pipe 40, and re-enter the heated flow path
through the pipes 27, 28. This would be ac-
complished by having the valves C, D, E, PG K
and J open with valves A, B, L, H, M, I, Nand O
closed.

In general, the operation in accordance with
the arrangement of Fig. 1 provides the following
conditions of operation.

Condition t.—The unit operated as g once-
through vapor generator without using the
steam-water separator. Temperature of the
vapor outflow depends upon the rate of water
inflow and firing.

Condition 2.—Produces saturated steam mois-
ture-free by use of the separator and wets the
entire length of the heated fHow path.

Condition 3.~—The unit includes the separator
and minimum superheating surface.

Condition 4—The unit includes the separator
and medium. superheating surface. .

Condition 5-—The unit includes the separator
and maximum superheating surface.

These: conditions of operation would: be at-

tained by:

(on- Valves Ope Valves Closed
dition aives Upen: alves Lloged

S A, B, C,D,E,F, T .. K GH I,I,MN, O,
2. 4,B,C,D,E, F,N,0__| K GH I LIMI
3. ‘A/B,C,D, M T K G H E, P TN, 0.
4 AB L HEFIT. K, G, C.D, I, N,
5. .. XK, G, 0,D, % F 7.1 'A,B,H, I, L, M, N, O,

By way of specific example, I may desirably
select to operate the unit with a vapor outflow of
saturated condition or of a total teraperature, for
example of 750° F., 850° ¥, or §50° . Tt will be
appreciated that the.embodiment being described.
and the examples given are by way of illustration
only, and that other proportioning of the fluid
flow paths and other desirable vapor outflow
temperatures may be.used. :

Referring now to Fig. 2, T show an embodiment
of my invention directed particularly to marine
use, althought the general features of the inven-
tion. are egually adaptéd to stationary power
plants. '

In marine serviee it is.

know to equip a ship
with propellers,

gear connected to an ahead and
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to an astern turbine each pair of turbines ex-
hausting to cne or more surface condensers. The
ahead turbine normally operating at relatively
uniform and most efficient load may utilize high
temperature steam, for example in a range of 900°
., and will extract sufficient work from the steam
so that the exhaust to the condenser will be at a
safe low temperature for which the condenser is
designed. The astern turbine, normally idling
backwards, is given no opportunity to warm up
when a signal for backing operation is had. Fur-
thermore, the design of the infrequently operat-
ing astern turbine is one which will not extract
from the steam as great an amount of work as
will the normally loaded ahead turbine.
the steam exhausting from the astern turbine to
the condenser will be at a relatively higher per-
centage of the initial temperature than that
steam exhausting from the ahead turbine. The

surface condenser normally 'designed for the »

steam exhausted from the ahead turbine is in
danger of being damaged by the relatively higher
temperature steam exhausted from the astern
turbine. It is, therefore, usually desirable to de-

sign and operate the astern turbine at a different

temperature standard than the ahead turbine.

In the docking of all vessels and in the maneu-
vering of such high speed vessels as destroyers
and the like, it is not uncommon to have an im-
mediate change in load of 80% to 90% of maxi-
mum- cutput and/oxr to have a sudden and im-
mediate reversal of direction or altermnate use of
the:-ahead and the astern turbines. The danger

to the condenser ¢of such a shift in operation is

apparent.

1t is a principal feature of my invention to pro-
vide a method and apparatus for properly con-~
trolling the total temperature of the steam sup~
plied to the ahead and to the astern turbines
from the vapor generator. It is a further object
to provide a system for automatically varying the
temperature standard to which the vapor genera-
tor works, so that the proper temperature stand-
ard:may be attained for the ahead turbine and
for the astern turbine, or in fact for any combina-
tion of the two or range in operation of either.

The present invention, as depicted in Fig. 2,
while directed particularly to a steam tempera-
ture confrol at different standards for marine

service, is nevertheless adapted to stationary boil- !

er service. Stationary boilers in central stations,
for example, are often so designed that they feed
a2 single turbine with 'steam at relatively high
temperature and pressures, for example 950° F.
and 1200 p. s. 1. g. It is also possible to use the
same vaper generator to supply steam alterna-
tively to a second turbine at relatively lower tem-
perature and pressure, for example a temperature
of 700° F. and a pressure of 600 p. s. i. g. If, for
example, the high pressure-temperature turbine
loses its load suddenly it hecomes immediately de-
sirable, and perhaps necessary, to switeh the out-
wut of the vapor generator to the lower pressure-
temperature turbine, and this at a new standard
of both temperature and pressure for the control
of the vapor generator.

The invention, as depicted in Fig. 2, while
shown specifically in connection with an ahead
turbine and an astern turbine, may equally as well
be adapted to the operation of a high tempera-
ture and a low temperature turbine in a station-
ary power plant. Specifically, the throttle
mechanism for the marine installation, or the
load control mechanism for the stationary plant,
is so arranged that when the steam is desired to
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be changed from high total temperature to low
total temperature, or vice versa, the necessary
valving is automatically actuated to vary the
proportionality between vapor generating and
vapor superheating surface in the vapor genera-
tor to thereby and thereafter operate the vapor
generator at the preselected total temperature
standard corresponding with the demand.

Referring now specifically to Fig. 2, I show the
vapor generator of Fig. 1 having a furnace 2, a
vapor generating surface 13, a vapor superheating
surface 14, and an economizer section ). Water
is admitted to the cold end of the flow path
through a conduit 7, and steam leaves the unit
at the other end of the flow path through a con-
duit §6. The conduit 16 joins either an ahead
turbine 42 or an astern turbine 43 selectively
through throttle mechanism 44. The throttle
mechanism £4 is of any commercial type, usually
hand operated, for switching the admission of
steam from the conduit 16 selectively to one or
the other of the two turbines, 42, 43.

The particular example illustrated in Fig. 2
utilizes steam from the boiler 1 at 900 . for the
ahead turbine 42 and at 750° . for the astern
turbine 43. Inasmuch as neither the astern
turbine nor the condenser to which both of the
turbines exhaust is adapted to withstand the
application of relatively high temperature steam
it becomes advisable, and in fact necessary for
safety, to change the temperature of the steam
supplied to the throttle mechanism through the
conduit {§ when operation is switched from the
ahead turbine to the astern turbine, and vice
versa. Such switching operation is accom-
plished by the throttle mechanism £4, which
through its position and/or movement auto-
matically changes the temperature standard to
which the boiler { is operating.

For example, the arrangement of ig. 2 pro-
vides a switch 4% connected to the throttle
mechanism 44 in such manner that if the throt-
tle is moved to admit steam to the ahead turbine
the contact arm 45 closes circuit with the con-
tact marked 988, energizing the relay 4%; where-
as when the throttle mechanism 44 is so posi-
tioned as to divert the steam from conduit 16
to the astern turbine, then the contact 45 as-
sumes the position shown in dotted line and
marked 750. Under this latter condition elec-
trical connection to the relay 46 is broken and
the relay is deenergized.

I show the circuit for the relay 46 controlled
in series through a hand positionable switch
47, which allows automatic selection of temper-
ature standard operation of the boiler I, or in its
alternate position dictates that the boiler { will
be operated at the lower temperature, namely,
in this example 750° F. Thus for docking and
certain maneuvering conditions the hand switch
47 may be moved to the position marked 750° .,
and such total temperature steam would be
available at both the ahead and the astern tur-
bines. While this leads to somewhat inefficient

5 operation of the ahead turbine (designed for

900° . steam), nevertheless under frequent re-
versing, such as is encountered in docking or
high speed maneuvering, the efiiciency of op-
eration or safety of the ship, rather than the
thermal efficiency of turbine operation, assumes
greater importance.

In Fig. 2 T have shown quite diagrammatically
the fluid flow path being brought out of the
vapor generator through a circuit 48 and re-
turned through a circuit 49, and again being
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brought out through a circuit 58 and returned
through a circuit 1. Interposed between the
circuits 48 and 49 is a solenoid actuated valve
Q, and between the circuits 5¢, 51 is & solenoid
actuated valve S.

The circuit 48 is joined to the separator 37 by

& conduit 52, in which is located a solenoid
actuated valve P. In similar manner the cir-
cuit 59 is joined to the separator 37 by a conduit
83 in which is positioned a solenoid actuated
valve R. :

The steam returned to the unit from the sep-
arator 87 joins the conduit 48 through a pipe 54,
in which is located a solenoid actuated valve T;
while the solenoid actuated valve U is located in
the conduit 55 joining the separator 27 with the
pipe 51.

In operation assume (as shown in Fig. 2) that
the throttle mechanism 44 is so positioned as to
direct steam from the conduit i5 to the ahead
turbine 42. The switch 45 engages the contact
880, thereby energizing the relay 46 and closing
contact B6. The various solenoid valves previ-
ously enumerated are normally closed and must
be electrically energized to open. Thus with the
contact 56 close circuited (or a desire of 800° F.
steam) the valves P—T—S are opened and
valves @—R—U are closed. Under this condi-
tion it will be apparent that the conduit 48 is
connected through the pipe 52 and valve P to
discharge into the separator 31. Valve Q being
closed, and valve T being opened, the separated
steam from the separator 37T passes through the
conduit 54 to reenter the vapor generator
through the pire 48. With valves U and R
closed and valve S open the circuit then passes
through 5@, S, 51 without diversion. Under this
condition a maximum of superheating surface of
the unit [ is utilized, and the unit operates at a
preselected high total steam temperaturs, in this
example 900° P.

The aliernate condition of operation, when the
switch 45 assumes the position marked 750 in
Pig. 2, results in valves Q, R and U being opened
and valves P, T and S being closed. Under this
condition the steam-water mixture passes di-
rectly through 48, @, 48 and is diverted through
the pipes 58, 53 to the separator 27, the steam
therefrom reentering the vapor generator
through the pipes 55, §i to utilize the lesser of
the two predetermined steam superheating sur-
faces.

From the description just given of the ar-
rangement shown in Fig. 2 it will be seen that
T provide the necessary apparatus and method
of operation whereby the vapor generator is
automatically shifted from one to another pre-
determined temperature overating standard un-
der the dictates of the demand of a vapor uti-
lizer. While illustrated specifically in connec-
tion with a marine installation having an ahead
and an astern turbine, it will be clearly seen that
& similar arrangement is adaptable to stationary
operation. Furthermore, it will be apparent
that the invention is not limited to selective op-
eration at the mentioned temperatures, or even
as between two temperature standards only. It
might equally as well be adapted to the show-
ing of Fig. 1, which provides more than two tem-
rerature standards or preselected proportioning
hetween vapor generating and vapor suverheat-
ing surface in the vapor generator. In any
event the disclosure which I have shown quite
disgrammatically, and the description pertain-
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10
ing thereto, is to be considered as illustrative
only and not as limiting.

What I claim as new, and desire to sécure by
Letters Pdatent of the United States, is:

1. The meéthod of operating a power plant
comprisinig. & vapor generator and two vapor
consuming prime movers, edeh requiring vapor
of & difféerent total temperature and connected
f0 the generator for independent operstion,
which includes, continuously operating the
vapor gerierator to maintain either a first or a
Second predétermined vapor temperature stand-
ard, shifting the opération of the vapor gener-
ator from one to the other of said standards
through varying tlie proportion of vapor gen-
erating stirface to vapor superheating surface,
and shifting simultaneously the operation frém
cne prime mover t0 the other.

2. The method of operating a power plant
comprising a vapor generator and two vapor
consuming prime movers, each requiring vapor
of a different total temperature and connected
to the generator for independent operation,
which inecludes, continuously operating the
vapor generator to maintain either a first or a
second predetermined vapor temperature stand-
ard, varying the areas of vapor generating and
superheating surfaces for maintaining said
temperature standards, and shifting the vapor
supply from one prime mover to the other simul-
taneously with the varying of the surface areas.

3. In combination, a power plant including a
vapor generator and two vapor consumers con-
hected thereto, one of the vapor consumers re-
quiring vapor at a predetermined total temper-
ature and the other consumer requiring vapor
at & different predetermined temperature, a
common throttie mechanism for switching the
supply of vapor coming from the vapor genera-
tor from one to the cther of said consumers,
said vapor generator having g fluid fow path
providing superheating surface and remaining
fiuld heating surface subject to heat and to
which liquid is supplied under pressure, adjust-
able means for removing excess liquid at any one
of several points along said path to vary the
ratio of vapor superheating surface to the re-
maining fluid heating surface, and control
means positioned by and with said throttle
mechanism for adjusting said sdjustable means
to vary the ratio of vapor superheating surface
to the remaining fluid heating surface in the
vapor generator so 25 to establish the proper
related total vapor temperature for the con-
nected vapor consumer.

4, In combination, a power plant including a
vapor generator and at least two vapor con-
sumers connected thereto for independent op-
eration, each of the consumers requiring vapor
of an eptimum total temperature, the vapoer
generator comprising serially connected econo-
mizer, vapor generating and vapor superheating
surfaces forming a fluid flow path, means sup-
plying liquid under pressure to one end of the
path, means for heating the path, mechanism
for switching the supply of vapor from one to
another of said consumers selectively, and con-
trol means positioned by and with said mecha-
nism properly proportioning the vapor super-
heating portion of the path to the other heat-
ing portion of the path to establish the optimum
total temperaturs for the vapor consumer being
then supplied.

5. The combination of claim 4 wherein two
vapor consumers which are selectively connected
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to be supplied from the vapor generator are
namely an ahead turbine and an astern turbine
for a ship.

6. The combination with a vapor generator
of the drumless forced-flow type having a plu-
rality of parallel circuits receiving liquid under
pressure at one end of the path and delivering
superheated vapor only at the other, means for
heating the path, a liquid-vapor separator, mix-
ing boxes at locations along the path where the
parallel circuits are brought together and then
separated, valve means in the circuits adjacent
the mixing boxes, and means for selectively di-
verting the fluid from the path to the separator
and returning vapor only from the separator to
the path on opposite sides of said valve means
et each of said locations.
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