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1

This invention relates to vapor generators and
more particularly pertains to vapor generators
of the forced circulation type.

As applied to the generation of steam, the in-
vention provides a forced circulation steam gen-
erator in which the amount of water storage is
reduced to a minimum by dispensing with the
drum or other usual type of vessel in which sepa-
ration of the steam from the circulating water
is effected, and replacing it with a separator of
small volume in which the water and steam are
separated mechanically by rapid rotation of the
separating device which is operative with the cir-
culating pump.

In the preferred arrangement, the circulating
pump is driven, after the generator is started, by
the steam flowing from the separator. To assure
immediate and adequate circulation when the
generator is started, an auxiliary water turbine
is utilized to drive the circulating pump by feed
water which is returned to the suction of the
feed pump or to some intermediate stage there-
of. Glands or external bearings are not required
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hecause cooled feed water at full feed pump pres- .

sure is employed to provide lubrication for the

internal bearings of the pump and separator.
The generator may be controlled manually in

the same manner as s natural circulation steam

generator is controlled, or it may be controlled :

automatically. In the form of the invention dis-
closed, the generator is controlled automatically.
One feature of this control is the regulation of
the amount of water passed through the aux-
iliary water turbine and the amount of steam
passed through the steam turbine so ag to main-
fain a predetermined rate of circulation at all
loads on the generator. A differential across s
flow nozzle in the circulating water line actuates
flow controllers which govern the flow of water
to the auxiliary water turbine and the flow of
steam to the steam turbine. The flow controllers
are set so that as the load increases, the amount
of water flowing through the water turbine is
decreased progressively and the flow of steam
through the steam turbine is increased progres~
sively, so that at full generator load only suf-
ficient water is passed through the water turbine
to prevent boiling que to churning.

The tubes of the steam generating and the
superheating sections are so arranged that there
are a plurality of main paths of flow from the
inlet to the outlet of each section, with the lengths
of the flow paths in each section substantially
equal and with the flow through each section and
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each path of each section generally concurrent
to the flow of gases.

The invention will be understood from the fol-
lowing description when considered in connection
with the accompanying drawings forming a part
thereof, and in which:

Fig. 1 is a vertical sectional view, rhore or less
diagrammatic, of a forced recirculation steam
generator embodying the invention:

Fig, 2 is an enlarged vertical sectional view of
the upper portion of the separating and circu-
lating device shown in elevation in Fig. 1, and

Fig. 3 is a vertical sectional view of the lower
bortion of the separating and circulating device,

Like characters of reference refer to like parts
throughout the several views.

Referring to Fig. 1, the setting of the genera-
tor shown, has opposite side walls {1 ang | 2,9
roof 13, and a gas outlet 14. An economizer I5
in the outlet 14 is connected to a feed water
conduit 16 leading from the discharge side {7
of a feed pump 8 which is driven by a motor {9
connected to a source of electricity, not shown.
Feed water enters the pump I8 at the suction
side 20 thereof, and is forced through conduit
16 and through the economizer 15 in a direction
of flow counter-current to the direction of fHow
of the heating gases into an outlet conduit 21
which is connected to a separating and circulat-
ing device 22. As shown, the separating and cir-
culating device comprises an elongated, verti-
cally disposed, housing 23 having a fluid cham-
ber 24 therein and a circulating pump casing 25
at the bottom of the housing. i

The lower end of the chamber 24 is connected )
by a passage 28 with a chamber 29 in the casing.
The lower end of the casing 25 is closed by a
cap 30 having a hollow extension 2i. Cap 39
has an annular flange 32 which projects into the
chamber 29, and engages a partition 33 holding
it tightly against an annular shoulder 34 to di-
vide the chamber 29 into two separate chambers,
a circulating pump chamber 35, and a water tur-
bine chamber 36. A drive ghaft 317 having a
reduced lower end portion 38 rotatably mounted
in a thrust bearing 39 is disposed in the closed
end of the cap 3! in fluid-tight relationship there-
to, and extends through the chambers 24, 35
and 36. The shaft 87 is hollow throughout the
greater part of its length with solid end portions,
but it may be solid throughout the entire length
thereof, if desired.

A water turbine 41 having blades 42 which ex~
tend into the cap 31 is fixed to shaft 87 in cham-
ber 86. Chamber 86 has an inlet port 43 in com-
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meunication with the discharge side IT of the feed
pump I8 through conduit (6 and a conduit 44,
and an outlet conduit 45 conducts water from the
chamber to the suction side of the feed pump
{8.

A circulating pump impeller 46 is fized to the
shaft 31 above the water turbine and in the
chamber 35. The impeller 46 has a plurality of
plades 48 which are curved downwardly and

" outwardly from the passage 28 to the periphery
of the impeller. Feed water flows into the im-
peller from the chamber 24 and is discharged
into a feed conduit 52 which conducts circulat-
ing water to the steam geunerating section of the
generator. ‘

As shown, the tubes of the steam generating
section are arranged to provide two main paths of
flow in parallel, from the inlet header 83 to the
outlet header 54. One main path comprises tubes
55 which are connected to a fitting 53 having com-
municstion with the inlet header 83, and which
extend vertically upwardly in a single row at
about the center of the setting and then extend
horizontally toward the wall {1 to define one side
and the top of a boiler furnace 51. Thereafter
the tubes 55 extend in a plurality of superposed
and horizontal rows over the boiler furnace and
in a plurality of additional superposed and hori-
zontal rows substantially entirely across the set-
ting to the outlet fitting 58 which is connected to
the outlet header 54. The other main path com-
prises tubes 58 which extend from the inlet fitting
86 horizontally along the bottom of the boiler
furnace 51 in a single row and then vertically

upwardly in a single row along the wall il to a 3

point above the first two horizontal rows of the
tubes 85, after which they extend in a plurality
of supernosed and horizontal rows above the boil-
er furnace and thereafter in like manner sub-
stantially entirely across the setting to the outlet
fitting 58. The tubes in the horizontal rows above
the boiler furnace are staggered, that is, with the
tubes in alternate rows at a different elevation as
compared with the elevation of the tubes in the
other rows. :

The tubes of the superheating section are ar-
ranged similarly to those of the steam generating
section excepting that they do not extend en-
tirely across the setting. The superheater inlet
header 68 adjacent the inlet header 83 is con-
nected to an inlet fitfing 64 to which the super-
heater tubes of both main paths are connected.
Tubes §2 extend vertically upward in a single row
adjacent the tubes 55 to the elevation of the low-
ermost horizontal row of tubes 55, and then furn
and extend horizontally to the wall 12 of the set-
ting to define one side and the top of a super-
heater furnace 84. Thereafter, the tubes 82 ex-
tend in-a plurality of superposed and horizontal
rows to an outlet fitting 65 which is connected to
a superheater outlet header §6 from which the
superheated steam flows to the point of use
through a conduit 61. Tubes 83 extend along the
bottom and a side of the superheater furnace and
in a plurality of superposed and horizontal rows
to the outlet fitting 5. The horizontal rows of
the superheater tubes are staggered in the same
manner the tubes of the horizontal rows of the
steam generating section are staggered.

The rear wall of both furnaces 57 and 64 are
lined with water tubes, not shown, which are con-
nected in the circulatory system so as to be sup-
plied with water from header 53 and to deliver
fluid to the outlet header 54.

With this arrangement of the tubes of the
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4
steam generating and superheating sections, the
paths of flow through the tubes 55 and 59 are sub-
stantially equal and the paths of flow through
the tubes 62 and 83 are also substantially equal,
with the flow through each of these groups of
tubes generally in the direction of flow of the
gases of combustion.

The boiler and superheater furnaces are sepa-
rately fired, the gases produced in the boiler fur-
nace 57 flowing through the furnace and over
the horizontal rows of tubes 55 and §9 to the out-
let 14 and over the economizer {5 therein. The
gases produced in the superheater furnace 64 flow
through the furnace and over the horizontal rows
of the tubes 62 "and 63 and then over the hori-
zontal rows of tubes 55 and 58 of the sieam gen-
erating section and to the outlet {& The tubes
55 and 62 are arranged, with or without other
wall or baffle means, to prevent the flow of
gases from one furnace to the other,

The mixture of steam and water discharged
from the steam generating section is conducted
by a conduit 68 to the upper part 89 of the sepa-
rating and circulating device 22, and is delivered
tangentially into a separating chamber 19 there-
in which communicates at its lower end with the
upper part of chamber 28 in the housing 23. A
tubular member T{ of lesser diameter than the
chamber 70 and having a passage 12 therein is
disposed in the chamber 18, and as shown, is pro-
vided with a peripheral flange 74 which is re-
ceived in a recess in part 83 to support the tubu-
lar member in position. A mechanical steam and
water separator 8§71, Fig. 2, is provided as shown,
by-a plurality of radial blades 98, fixed to shaft
37 in chamber 70 closely adjacent the lower end
of the tubular member 7{ in-the path of steam
flowing from the separating chamber 7¢. Other
forms of separators may be employed. The tubu-
lar .member 7{ projects upwardly intc a hollow
cap 15 which closes the upper end of part 89, to
a point short of the upper end thereof, thereby
forming a space 18 between the end of the tubu-
lar member and the cap. A cylindrical member
17 is secured at its upper end to the upper end ol
member 11 and extends downwardly in the mem-
ber 71 in spaced relationship to the inner wall
thereof to provide an annular steam by-pass pas-
sage T2. 'Theé interior of member 77 provides a
main steam passage 18, which communicates with
the space 78, for steam flowing from the passage
72, A plurality of spaced stationary turbine
blades 79 disposed at the lower end of the mem-
ber 71, and a plurality of rotatable blades 83 fixed
to shaft 37 above the blades 79 provide a steam
turbine 84 which is operated by steam flowing
from passage 12 into passage 78. A steam conduif
82 which conducts steam from the separating de-
vice to the inlet header 58 of the superheater, is
connected at its inlet end to the space 78 through
a branch conduit 83 and to passage 72 through a
by-pass conduit 84, the conduits 83 and 84 being
controlled by a slide valve 8% which is actuated by
a, pressure responsive device 86, Fig. 1.

The upper end of drive shaft 37 extends
through the passages 12 and 18 and is rotatably
mounted in a thrust bearing 88 in a projection
89 on cap 15. A housing 80 forms g chamber 91
around the bearing 88 and the shaft 37. Bear-
ing 88 is cooled by feed water from a heat ex-
changer %2, Fig. 1, which is conducted to the
bearing through a conduif 93. Bearing 39 at the
lower end of the shaft 37 is cooled also by feed
water from heat exchanger 52 conducted to the
bhearing through conduits 83 and 24, Water is
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withdrawn from chamber 81 through a conduit
95 controlled by a valve 85’. Shaft 37 is also
supported above the circulating pump 46 in a
bearing 40 to which cooled feed water for lubrica-
tion is supplied by conduit 96. The feed water
supplied te the bearings 3% and 49 after lubri-
cating these bearings, mixes with the water dis-
charged from the auxiliary turbine and the wa~-
ter discharged by the circulating pump, respec-
tively. Heat exchanger 92 is connected to feed
water conduit 16 through a conduit 93’ and a
cooling medium is supplied thereto through a
conduit 92’ and is withdrawn therefrom through
a conduit 92”°.

A trap 116, Fig, 3, is secured in the lower por-
tion of the chamber 24 above the point at which
the economizer outlet conduit 21 is connected to
the housing 23. The trap is shaped to provide
a ‘passage around the shaft 37 through which
water will flow from chamber 24 into the passage
28 and the circulating pump 45. A blow-down
conduit {7 connects with the bottom of the trap
and is controlled by g valve 118.

The quantity of water delivered to the auxiliary
water turbine and the quantity of steam fowing
to the steam.turbine is varied in response to
variations in the quantity of water delivered to
the steam generating section by the circulating
pump. To this end, a flow nozzle (81, Fig, 1,
is positioned in the feed water conduit 52 and
pressure conduits 182 and 103 connect opposite
sides of the nozzle 10! with opposite sides of the
diaphragm of a pressure responsive device 194
which controls the flow of water in the outlet
conduit 4% through a valve {05. Conduits i86
and 107 connect opposite sides of the diaphragm
of pressure responsive device 86 with the con-
duits 102 and 192 respectively. 'The pressure re-
sponsive devices 104 and. 86 are so arranged that
an increase in the flow of circulating water
through the conduit 52 will cause the device 164
to operate the valve 105 to decrease the flow of
water through conduit 45 and to the auxiliary
water turbine, and at the same time to cause the
device 86 to operate the valve 85 to decrease the
flow of vapor through the by-pass conduit 84
thereby increasing the flow through the branch
conduit 83 and to the steam turbine, A decrease
in the flow of circulating water through the con-
duit 52 will have the opposite effect,

The quantity of feed water is regulated in re-
sponse to the rate of steaming, To accomplish
this, a flow nozzle 198, Fig. 1, is positioned in
the steam conduit 82 and opposite sides of this
orifice are connected by conduits 109 and {10 to
opposite sides of the diaphragm of a pressure
responsive device 111 which operates a valve 112
in conduit 16 to control the flow of feed water to
the economizer 15. An increase in the fow of
steam through the conduit 82 will cause the de-
vice 111 to actuate valve 112 to permit an in-
crease in the flow of water to the economizer,
and vice versa, a decrease in the flow in the con-
duit 82 will cause a decrease in the flow of wa-
ter to the economizer.

Valve 112 is also actuated independently of the
pressure responsive device 1l to regulate the
level of water to the chamber 24 of the separat-
ing and circulating device 22, irrespective of
variations in the rate of steaming. This is ac-
complished by an auxiliary feed control pressure
responsive device 118 which is in communication
with a liquid level controller (14 through a tube
115. The level controller 114, which is of the
vapor pressure type, has a control tube |16 there-
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in which communicates with the chamber 24 at
points above and below the normal water level
therein, As the water in chamber 24 rises to a
predetermined level, the device (13 actuates the
valve 112 to decrease the flow of water to the
economizer 15 through conduit 16 and to the
chamber 24, and when the water falls below the
predetermined level, the valve is actuated to per-
mit an increased flow of water to the economizer
and the chamber 24.

‘The boiler furnace 57 is fired by a fuel burner
124 to which fuel is supplied through a fuel line
126, while the superheater furnace 64 is fired
by a fuel burner 125 to which fuel is supplied
through fuel lines 126 and 127. Positioned in the
fuel line 126 between the source of fuel supply
and the burners {28 and 125, is a control valve
128 actuated by a pressure responsive device 129
which operates in response to the pressure in the
superheater steam outlet conduit 67 and is con-
nected thereto through a tube 138, Valve 128 is
actuated to permit an inecreased flow of fuel to
the burners when the vapor pressure in the con-
duit 67 decreases and to decrease the flow of fuel
to the burners when the vapor pressure in the
conduit 67 increases. A control valve (3] similar
to valve 128, controls the feed conduit 27, Valve
131 is operated by an actuating device 132 which
is responsive to the temperature in the super-
heater vapor outlet 67 and is connected thereto
through a line 133. Upon an increase in tem-
perature in the conduit 67, the valve 13{ is ac-
tuated to decrease the flow of fuel to the burner
125 and upon a decrease in temperature, the

5 valve permits an increased flow of fuel to the

burner.

An orifice 1234 is disposed in the fuel line 126
between the valve 128 and the source of fuel sup-
ply. Opposite sides of the orifice are connected
through lines 135 and 136 to a pressure respon-
sive actuating device 137, which operates through
a rack and pinion mechanism, a damper (39 in
an air conduit 140 which conducts air to the
burners 124 and 125. A branch conduit {141 con-
nects the conduit 148 with the burner 124.  The
arrangement is such that an increase in the flow
of fuel to the burners through line 126, will cause
the pressure device 137 to actuate the damper 139
to permit an increased flow of air to the burners,
while a decrease in the Aow of fuel in lihe 128,
will cause the damper 138 to be actuated to de-
crease the flow of air to the burners. An gux-
iliary pressure responsive device (41’ {s connected
to opposite sides of an orifice 142 in air conduit
148 by tubes 143 and {44, and operates in con-
junction with the device (87 to control the
damper i28.

An orifice 145 in the fuel line 127 to the super-
heater burner 125, has its opposite sides connected
to a pressure responsive device 148 which' actu-
ates through rack and pinion mechanism, a
damper {49 in the air conduit 140 to increase and
decrease the quantity of air flowing to the burner
125 in response to variations in the flow of fuel
to the burner, an increase in the How of fuel caus-
ing the damper to move to 5 more open position
to permit a greater quantity of air to flow to the
burner, while a decrease in the flow of fuel will
cause the damper to move to a more closed Posi-
tion to decrease the quantity of air delivered to
the burner. An auxiliary pressure responsive de-
vice 159 is connected across an orifice {51 in the
conduit 148 and operates int conjunction with the
device 48 to control the damper 149,

The means for controlling the supply of fuel
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and air to the burners 124 and 125 operates auto-
matically to supply airand fuel to each burner in
the proper amount to maintain the desired rate
of steany generation. If the desired rate is ex-
ceeded, the control means will cperate automati-
cally to cause a decrease in the supply of fuel and
air to the burners, whereas if the desired rate is
not attained, the fuel and air supply to the burn-
ers will be increased. In addition to this control
of both burners in response to the final pressure
of the steam, the superheater burner {25 is con-
trolled to obtain or to maintain the desired final
temperature of the steam by increasing and de-
creasing the supply of fuel and air to the super-
heater burner as the steam temperature decreases
and increases respectively. The amount of fuel
and air supplied to the burners may be controlied
manually, or by automatic means other than that
disclosed, if desired.

In operation, feed water is forced through con-
duit 15 by feed pump {8 into and through the
economizer 15 and conduit 2f into the lower part
of chamber 24 of the separating and circulating
device. Simultaneously, feed water is forced

through conduit 44 and over the auxiliary water .

turbine 4! to rotate the shaft 37 and the circu-
lating pump 46. Water discharged by the tur-
bine 41 flows through conduit 4% and is returned
to the pump (8 through fully open valve [088.

Heated feed water delivered into the chamber 24

through conduit 21, flows downwardly to the cir-
culating pump 46 which forces it through' conduit
§2 into and through the tubes 55 and §9 of the
steam generating section of the generator.

The steam generated together with unvapor-
ized water flows through conduit 68 into -the
chamber 10 of the separating and circulating de-
vice and flows in a spiral path through the cham-
ber, causing the water and solids entrained in the
steam to be separated from the steam. The sepa-
rated water and solids flow down into the cham-
her 24 where the separated solids are deposited
in the trap 116 and are removed through the

blow-down valve 1{8. The water flows into the -

water in the lower part of chamber 24 and is re-
circulated through the tubes of the steam gen-
erating section by the pump 46 with the heated
feed water from the economizer, The separated
steam in chamber 78, flows over the rotating
blades 88 which effects a further separation of
water and entrained solids from the steam, and
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thereafter flows upwardly through passage 712. -

Depending upon the position of valve &8, the
steam in passage 12 will flow through passage 73
and by-pass 84, or it will flow to the steam tur-
bine and through passage 18 and passage 83, or
through both these paths of flow. When the
generstor is started up, valve 8% is positioned to
permit maximum flow of vapor through the by-
pass 84 inasmuch as the circulating pump is be-~
ing driven by the water turbine. Flow of steam
from passage 12 into passage 78 drives turbine 80
and the shaft 37. The steam flowing through
passage 83, by-pass 84, or bcth, flows through
conduit 82 into and through the tubes of the su-
perheater and through conduit 67 to the point of
use.

Steam flowing into passage 18 will rotate the
turbine 81 and the shaft 37 at a greater speed
than that at which the shaft is driven by the
water turbine 4{, so that as soon as steam is pro-
duced in sufficient quantity to drive the shaft 31
by the turbine 81, the speed of shaft 37 will in-
crease and the circulating pump 48 will be driven
faster and circulating water will be forced into
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and through the conduit 52 and the steam gener-
ating section at a higher velocity than when the
circulating pump is driven by the water turbine.
This increase in the flow of water through the
conduit 52 and the flow nozzle 181 therein causes
the device 184 to move the valve {35 in line 48
toward closed position, thereby reducing the
quantity of water delivered to the water turbine
41, Simultaneously, the pressure responsive de-
vice 86 actuates the valve 85 to decrease the flow
of steam through the by-pass conduit 84 and to
increase the flow of steam to the steam turbine 81,
thereby increasing the speed of rotation of the
shaft 37 and the circulating pump 46.  Conse-
quently, as the load and the rate of evapeoration
increases, the quantity of steam delivered to the
steam turbine progressively increases and the
quantity of water delivered to the water turbine
progressively decreases, until at maximum load
the quantity of water delivered to the water tur-
bine is sufiicient only to provide substantially the
minimum circulation in the water turbine cham-
ber 36 to prevent boiling due to the churning of
the water therein resulting from the rotation of
the water turbine.

As the angular velocity of the shaft 37 increases
because of a greater flow of steam to the steam
turbine, valve 112 in feed line {§ to the economizer
is operated to increase the flow of water circu-
lated by the circulating pump and, through the
flow nogzle {86!, pressure responsive device 104 and
valve 185, to decrease the flow to the water tur-
bine, and vice versa, with the result that in start-
ing the generator, the water turbine drives the
circulating pump and after starting, the separat-
ed saturated steam drives the circulating pump.
Specifically, when the generator is started up, the
valve 112 is in a position to permit the minimum
regquired circulation of water through the steam
generating- section, but as the rate of steaming
increases, pressure responsive device il operates
to move valve {12 toward open position to in-
crease the circulation, until at the maximum rate
of evaporation, valve (42 is nearly fully open.
Contrariwise, a drop in load will cause valve 12
to move toward closed position to decrease the
circulation through the steam generating section.
Valve 112 also functions in response to the device
{12 to maintain the desired water level in the
chamber 24 cf the separating and circulating de-
vice 22. If the level drops, valve 112 will open
to increase the circulation through the econc-
mizer and the quantity of water delivered to the
lower part of chamber 24, while if the level is
raised, valve 112 will move toward closed posi-
tion to decrease the flow of water into the cham-
ker 24.

With this arrangement and operation, it will
ve perceived that a separator of small volume
having mechanical separating means is employed
in lieu of the usual drum or equivalent device,
with the advantage thai the amount of water
storage is reduced to g minimum. The unitary
arrangement disclosed of the glandless circulat-
ing pump, mechanical separator, feed water tur-
bine and steam turbine drive, is compact and
efficient. 'The operating cycle and the control
system are effective to confrol the operation at
all loads on the generator so as to maintain a
predetermined output at all loads. Adequate cir-
culation is provided at all times including imme-
diate circulation when the generatgr is started
up, by utilizing part of the feed water to operate
the circulating pump until the rate of steam gen-
eration is adequate to operate the pump by steam,
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Although the invention is disclosed in connec-
tion with a forced recirculation steam generator,
it is applicable also to other types including once
through generators.

It will be understood that the form of the in-
vention disclosed is a preferred form and that
changes may be made in the form, location and
relative arrangement of the several parts of the
apparatus disclosed, as well as in the method
steps and their sequence without departing from
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the principles of the invention. Accordingly, the

invention is not to be limited excepting by the
scope of the appended claims, )

‘What is claimed is:

1. A vapor generator comprising means form-
ing a fluid flow path, circulating means for deliv-
ering fluid to said path under pressure, means
for heating the fluid in said path for conversion
of liquid to vapor, means for actuating said cir-
culating means by vapor flowing from said path,
fluid driven auxiliary actuating means for said
circulating means, and fluig feeding means for
supplying fluid under pressure to said auxiliary
actuating means, the discharge of the driving
means being- unconnected directly with the inlet
of the circulating means.

2. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, means for driving said circulating means
by vapor flowing from said path, fluid actuated
auxiliary driving means for said circulating
means, fluid feeding means for supplying fluid
under pressure to said auxiliary driving means,
and control means to control the flow of fluid
to said auxiliary driving means in response to
the flow of fluid to said path.

3. A vapor generator comprising means forming
a fluid flow path, circulating means for deliver-
ing fluid into said path under bressure, means
for heating the fluid for conversion of liquid to
vapor, separating means in said path for sep~
arating moisture from vapor, vapor actuated driv-
ing means for driving said circulating means by
vapor flowing from said separating means, fluid
actuated auxiliary driving means for said circu-
lating means, Auid feeding means for supplying
fluid under pressure to said auxiliary driving
means, and control means responsive to the flow
of fluid from said circulating means for control-
ling the flow of fluid to said auxiliary driving
means and the flow of vapor to said vapor ac-
tuated driving means to diminish the flow of
fluid to said auxiliary driving means and to in-
creage the flow of vapor to said vapor actuated
driving means upon an increase in flow of fluid
from said circulating means.

4. A vapor generator comprising means form-
ing a fluid flow path, circulating means for deliv-
ering fluid to said path under pressure, means
for heating the fluid for conversion of liguid to
vapor, means for delivering fluid to the circu-

lating means, driving means for the circulating

means actuated by vapor discharged from said
flow path, means for conducting vapor from said
path to said driving means, means forming a dis-
charge passage for vapor flowing from said driv-
ing means, means forming a by-pass for vapor
around sald driving means, valve means for con-
trolling both said discharge bassage and said by-
pass to control the quantity of vapor delivered to
said driving means, fluid actuated auxiliary driv-
ing means for said circulating means, fluid feed-
ing means for supplying fluid under pressure to

15
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said auxiliary driving means, and means for reti-
dering said auxiliary actuating means inoperative
and for moving said valve to control the by-pass
when the circulating means is actuated by the
vapor actuating means and for rendering the gux-
iliary driving means operative and for moving
said valve to control the discharge passage when
the circulating means is not actuated by said
vapor actuated means,

5. A vapor generator comprising a vapor gen-
erating section, and separating and circulating
means comprising a housing, a circulating pump
in the housing, a vapor and liquid separator in
the housing, a vapor actuated turbine in the hous-
ing for driving the circulating pump, a fuid
actuated means in the housing constituting aux-
iliary means for driving the circulating pump,
and control means for rendering the fluid actu-

- ated means inoperative when the circulating
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pump is actuated by the vapor actuated turbine
and for rendering the fluid actuated means op-
erative when the circulating pump is not actu-
ated by said vapor actuated turbine,

6. A vapor generator comprising a vapor gen- -
erating section, and separating and circulating
means comprising a housing, a circulating pump
in the housing, a vapor and liquid separator in
the housing, a vapor actuated turbine in the hous-
ing for driving the circulating pump, movable
Separating means in the housing operable with
the circulating pump, fiuid actuated means in the
housing constituting auxiliary means for driving
the circulating pump, and control means for
rendering the fluid actuated means inoperative
when the circulating pump is actuated by the
vapor actuated turbine and for rendering the

-fluid actuated means operative when the circulat-

ing pump is not actuated by said vapor actuated
turbine.

7. A vapor generator comprising a vapor gen-
erating section, and separating and circulating
means comprising a housing, a shaft rotatable
about its axis in the housing, a centrifugal circu-
lating pump on said shaft and rotatable there-
with, a vapor and liquid separator in the hous-
ing, a vapor actuated turbine on said shaft oper-

-able by vapor flowing from said separator for

driving the shaft, Aluid actuated means on said
shaft operable as auxiliary driving means for said
shaft, and control means for.rendering the fuid
actuated means inoperative when the circulating
pump is actuated by the vapor actuated turbine
and for rendering the fluid actuated means oper-
ative when the circulating pump is not actuated
by said vapor actuated. turbine.

8. A vapor generator comprising a vapor gener-
ating section, a superheating section, means for
firing the vapor generating and superheating sec-
tions, an economizer, a feed pump for delivering
fluid to the economizer, a circilating pump, con-
duit means for conducting heated fluid from the
economizer to the circulating pump, conduit
means for conducting fluid under pressure from
the circulating pump to the steam generating
section, a separator, means for conducting vapor
and fluid from the steam generating section to
the separator, a vapor turbine in the path of
vapor flowing from the separator and constitut-
ing main driving means for the circulating pump,
a fluid actuated wheel constituting auxiliary driv-
ing means for the circulating pump, means for
conducting fluid from the feed pump to.the fluid
actuated wheel, means for conducting fluid from
said wheel to the suction of the feed bump, means .
for conducting vapor from the vapor turbine to
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the superheating section, means responsive to
the flow of fiuid from the circulating pump to the
vapor generating section for controlling the flow
of fiuid from the feed pump to said fluid actu-
ated wheel, means forming a by-pass for vapor
around said vapor turbine, means responsive o
the flow of fuid from the circulating pump to
the vapor generating section for controlling said
by-pass to control the flow of vapor to said vapor
turbine, and means responsive to the flow of
vapor from said vapor turbine to said superheat-
ing section for controlling the flow of fluid from
the feed pump to the economizer.

9. A vapor generator comprising a vapor gen-
erating section, and separating and circulating
means comprising a housing, a shaft rotatable
about its axis in the housing, a centrifugal cir-
culating pump on said shaft and rotatable there-
with, a vapor and liquid separator in the housing,
a vapor actuated turbine on said shaft operable
by vapor flowing from said separator for driving
the shaft, a fiuid actuated wheel on said shaft
operable as auxiliary driving means for said shaft,
a feed pump for delivering fluid to the circulat-
ing pump to be delivered to the vapor generating
section, bearings in said housing for said shaft,
and means for conducting fluid from the feed
pump to said bearings to lubricate the bearings.

10. A vapor generator comprising a vapor gen-
erating section, and separating and circulating
means comprising a housing, ‘a2 shaft rotatable
about its axis in the housing, a centrifugal cir-
‘culating pump on said shaft and rotatable there-
with, a vapor and liquid separator in the hous-
ing, a vapor actuated turbine on said shaft oper-
able by vapor flowing from said separator for
driving the shaft, & fluid actuated wheel on said
shaft operable as auxiliary driving means for
‘said shaft, a feed pump for delivering fluid to the
circulating pump to be delivered to the vapor gen-
erating section, bearings in said housing for said
shaft, means for conducting fluid from the feed
pump to said bearings to lubricate the bearings,
and means for cooling the fluid delivered to said
bearings. ‘ :

11, The method of generating and superheat-
ing vapor which comprises passing fluid through
4 vapor generating zene, introducing vapor and
liquid from said zone into a separating zone,
separating vapor and liquid by passing the mix-
ture thereof in contact with moving surfaces, uti-
lizing vapor from the separating zone to oper-
ate a circulating pump to deliver fluid under pres-
sure to said vapor generating zone, conducting
vapor exhausted from said circulating pump to
a superheating zone, controlling the quantity of
vapor utilized to operate the circulating pump in
response to the flow of fluid from the circulating
pump to the vapor generating zone, controlling
the heat supplied to the vapor generating zone
in response to the pressure of vapor discharged
from the superheating zone, and controlling the
heat supplied to the superheating zone in response
to the temperature of the vapor discharged from
the superheating zone.

12. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for controlling the amount of fluid delivered to
said path, means for heating the fiuid for con-
version of liquid to vapor, means for driving said
circulating means by vapor flowing from said
path, fluid actuated auxiliary driving means Jfor
said circulating means, fluig feeding means .for
supplying fiuid under pressure to said auxiliary
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driving means, and contrcl means responsive t6
the flow of fluid from said circulating means for
controlling the flow of fluid to said auxiliary driv-
ing means and the flow of vapor to said vapor ac-
tuated driving means and operative to diminish
the flow of fluid to said auxiliary driving means
and to increase the flow of vapor to said vapor
actuated driving means upon an increase in the
flow of fluid from said circulating means,

13. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for controlling the amount of fluid delivered to
said path, means for heating the fluid for con-
version of liquid to vapor, means for driving said
circulating means by vapor flowing from said
path, fluid actuated auxiliary driving means for
said ecirculating means, fluid feeding means for
supplying fluid under pressure to said auxiliary
driving means, and control means responsive to
the flow of fluid from said circulating means and
operative to increase the flow of fluid to the
auxiliary driving means and to decrease the flow
of vapor to the vapor actuated driving means
upon a decrease in the flow of fluid from said
circulating means thereby to actuate the circu-
lating means by said auxiliary means and to in-
crease the flow of vapor to said vapor actuated
driving means and to decrease the flow of fluid to
the auxiliary driving means upon an increase In
the fSow of fluid from the circulating means
thereby to actuate the circulating means by the
vapor actuated driving means.

14. A vapor generator comprising means form-
ing a fluig flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liguid to
vapor, means for driving said circulating means
by vapor flowing from said path, fluid actuated
auxiliary -driving means for said circulating
means, fluid feeding means for supplying fluid
undexr pressure to said auxiliary driving means,
mesans for controlling the delivery of fluid to the
circulating means, and other control means for
controlling the flow of fluid to the auxiliary driv-
ing ‘means in response to the flow of fuid from
the circulating means.

' 15. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, means for driving said circulating means
by vapor flowing from said path, fluid actuated
auxiliary driving means for said circulating
means, fuid feeding means for supplying fluid
under pressure to said auxiliary driving means,
means for controlling the delivery of fluid to the
circulating means in response to the flow of vapor
from the path, and other contro! means for con-
trolling the flow of fluid to the auxiliary driving
means in response to the flow of fluid from the
circulating means.

16. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, means for driving said circulating means
by vapor flowing from said path, fluid actuated
auxiliary driving means for said -circulating
means, fluid feeding means for supplying fiuid
under pressure to said auxiliary driving means,
means for increasing the amount of fluid deliv-
ered to the fluid circulating means in response
to an increase in the .flow of vapor from the
path, and other contiol means for decreasing the
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flow of fluid to the auxiliary. driving means in
response to an increase in the flow of fluid from
the circulating means.

17. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, driving means for the circulating means
actuated by vapor discharged from said flow path,
means for conducting vapor from said path to
sald driving means, means forming g discharge
passage for vapor flowing from said drivingmeans,
means forming a by-pass for vapor sround said
driving means, valve means for controlling both
said discharge passage and said by-pass to control
the quantity of vapor delivered to saiq driving
means, fluid actuated auxiliary driving means for
said circulating means, fluid feeding meansfor sup-
plying fluid under pressure to'said auxiliary driv-
ing means, means for controlling the delivery of
fluid to the circulating means in response to the
flow of vapor from the path, and other control
mmeans for controlling the valve means to vary
the quantity of vapor delivered to the driving
means and also to vary the flow of fluid to the
auxiliary driving means, said control means being
responsive to the flow of fluid from the circulat-
ing means.

18. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, driving means for the circulating means
actuated by vapor discharged from said fow path,

means for conducting vapor from said path to 3

said driving means, means forming a discharge
passage for vapor flowing from said driving
means, means forming a by-pass for vapor around
said driving means, valve means for controlling
both said discharge passage and said by-pass to
control the quantity of vapor delivered to said
driving means, fluid actuateq auxiliary driving
means for said circulating means, fluid feeding
means for supplying fAuid under pressure to said
auxiliary driving means, means for increasing
the amount of fiuid delivered to the fluig circu-
lating means in response to an increase in the
flow of vapor from the path, and other control
means adapited upon an increased flow of fluid
from the circulating means to actuate said valve
means t0 permit an increased flow of vapor
through the discharge passage and thereby to in-
crease the flow of vapor to the driving means
and adapted upon an increased flow of fluid from
the circulating means to decrease the flow of fiuid
o the auxiliary driving means,

i8. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fiuid to said path under pressure, means
for heating the fluid for conversion of liquig to
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vapor, means for delivering fluid to the circulat-

ing means, driving means for the circulating
means actuated by vapor discharged from said
flow path, means for conducting vapor from said
path to said driving means, means forming a dis-
charge passage for vapor flowing from said driv-
ing means, means forming g by-pass for vapor
around said driving means, valve means for con-
trolling both said discharge passage and said by~
pass, fluid actuated auxiliary driving means for
said circulating means, fluid feeding means for
supplying fluid under pressure to said auxiliary
driving means, and control means responsive to
the flow of fluid from said circulating means for
controlling the flow of fluid to said auxiliary dqriv-
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ing means.and for.controllinig’ the valve Hidatig
to vary the flow of vapor through the discharge
passage and through the by-pass thereby to con-
trol the quantity of vapor delivered to said driving
means. -

20. A vapor generator comprising means form-
ing a fluid flow path, circulating means for deliver.
ing fluid to said path under pressure, means for
heating the fluid for conversion of liquid to va~-
por; driving means for the circulating means ac-
tuated by vapor discharged from said flow path,
means for conducting vapor from .said path to -
said driving means, means forming a discharge
bassage for vapor flowing from said driving
Ineans, means forming a by-pass for vapor around
said driving means, valve means for controlling
both said discharge passage and said by-pass,
fluid actuated auxiliary driving means for said
circulating means, fluid feeding means for sup-
blying fluid under pressure to said auxiliary driv-.
ing means, flow controlling means for controlling
the amount of fluid gelivered to the fluid circulat-
ing means, and control means responsive to the
flow of fluid from said circulating means for vary-
ing the flow of fluid to saig auxiliary driving
Ineans and for operating the valve means to vary
the flow of vapor delivered to the driving means,
the arrangement being such that upon an in-
crease in the flow of fluid from the circulating
means the flow of fluid to said auxiliary driving
means is diminished and the valve means is ac-
tuated to permit an increased flow of vapor
through the discharge bassage and a decreased
flow of vapor through the by-pass thereby in-
creasing the flow of vapor to the vapor actuated
means.

21. A vapor generator comprising a vapor gen-
erating section, ang separating and circulating
means comprising a housing, g circulating pump
in the housing, a vapor and liquid separator in
the housing, a vapor actuated turbine in the hous-

-ing for driving the circulating bump, means form-

ing a discharge bassage for vapor -flowing from
said turbine, means forming a by-pass for vapor
around said turbine, valve means for controlling
the amount of vapor flowing through the gis-
charge passage and the by-pass, fluig actuated
means in the housing constituting auxiliary means
for driving the circulating pump, means for ren-
dering said auxiliary actuating means inoperative
and for moving said valve to control the by-pass
when the circulating pump is actuated by the va-
por turbine and for rendering the auxiliary driv-

ing means operative and moving said valve $o

control the discharge passage when the circy-
lating pump is not actuated by said vapor turbine.

22. The methog of generating vapor which com-
prises delivering fluid to a circulating zone, pass-
ing fluid from the circulating zone to a generat-
ing zone under pressure, controlling the delivery
of fluid to the circulating zone by vapor gener-
ated in the generating zone, normally utilizing va-
bor from the generating zone to develop pressure
in the circulating zone, controlling the quantity
of vapor utilized to develop pressure in the cir-
culating zone in response to the flow of fluid from
the circulating Zone, utilizing fluid under pres-
sure to develop pressure in the circulating zone
when the vapor from the generating zone is in-
sufficient to develop pressure in the circulating
zone, and controlling the quantity of fluid under
pressure utilized to develop pressure in the cir-
culating zone in response to the fow of fluid
from the circulating zone. o

23, The method of generating vapor which
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¢omprises passing fluid through a vapor gener-
ating zone, utilizing vapor genersted in the gen-
erating zone to operate a circulating pump to
deliver fluid under pressure to said vapor gener-
ating zone, controlling the amount of fluid de-~
livered to the circulating zone, utilizing fluid un-
der pressure to operate said circulating pump
when the vapor from the vapor generatiilg zoie
is insufficient to operate said circulating pump,
and controlling both the quantity of vapor uti-
lized and the amount of fluid under pressure
utilized to operate the circulating pump in re-
sponse to the flow of fluid from the circulating
pump to the vapor generating zone.

%4. The method of generating vapor which
comprises passing fluid through: a vapor gener-
ating zone, utilizing vapor generafed in the gen-
erating zone to operate a circulating pump to
deliver fluid under pressure to said vapor gener-
ating zone, confrolling the amount of fluid de-
livered to the circulating pump in response to
the vapor generated in the generating zone, uti-
lizing fluid under pressure to operate said -cir-~
culating pump when the vapor from the vapor
generating zone is insufficient to operate said
circulating pump, and controlling both the quan-
tity of vapor utilized and the amount of fluid
under pressure utilized to operate the circulat-
ing pump in response to the flow of fluid from

the circulating pump to the vapor generating :n

zone.

95. The method of generating vapor which
comprises passing fluid through a vapor generat-
ing zone, introducing vapor and liquid from. said
zone into a separating zone, separating the vapor
and liquid in the separating zone, utilizing vapor
from the separating zone to operate a circulating
pump to deliver fiuid under pressure to said vapor
generating zone, controlling the amount of fluid
delivered to the circulating means in response
to the vapor generated in the vapor generating
zone, utilizing fluid under pressure to operate
the circulating pump when the vapor from the
vapor generating zone is insufficient to operate
the circulating pump, and controlling both the
guantity of vapor utilized and the amount of
fluid under pressure utilized to operate the cir~
culating pump in response to the flow of fluid
from the circulating pump to the vapor generat-
ing zone.

96. The method of generating and superheat-
ing vapor which comprises passing fluid through
a vapor generating zone, utilizing vapor gener-
ated in the generating zone to operate a circulat-
ing pump to deliver fluid under pressure to said
vapor generating zone, conducting vapor ex-
hausted from said circulating pump to a super-
heating zone, controlling the amount of fluid ce-
livered to the circulating means in response 4o
the flow of vapor from the circulating pump to
the superheating zone, utilizing fluid under pres-
sure to operate the circulating pump when the
flow of vapor to the superheating zone is insuffi-
cient to operate the circulating pump, control-
ling both the quantity of vapor utilized and the
amount of fluid under pressure utilized to oper-
ate the circulating pump in response to the flow
of fluid from the circulating pump to the vapor
generating zonhe, controlling the heat supplied to
the vapor generating zone in response to the
pressure of vapor discharged from the super-
heating zone, and controlling the heat supplied
10 the superheating zone in response to the tem-
perature of the vapor discharged from the super-
heating zone. :
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27. A vapor genherator comprising tubular
means forming a fluid flow path, circulating
means for delivering fluid to said path under
pressure, means for heating the fluid in said path
for conversion of liquid to vapor, & pump for de-
livering fluid to the circulating means, and driv-
ing means for the circulating means actuated by
fluid discharged by said pump, the discharge of
the driving means being connected to the intake
of said pump.

28. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heafing the fluid for conversion of liquid to
vapor, means for actuating said circulating means
by vapor flowing from said path, auxiliary actu-
ating means for said circulating means, and con-
trol means responsive to the flow of fluid to said
path for rendering the auxiliary driving means
inoperative when the vapor actuating means is
operative.

29. A vapor generator comprising means form-
ing a fluid flow path, circulating means for deliv-
ering fluid to said path under pressure, neans
for heating the fluid for conversion of liquid to
vapor, means for actuating said circulating
means by vapor flowing from said path, auxiliary
actuating means for said circulating means, and
control means responsive to the flow of fluid fo
said path for rendering the auxiliary actuating
means inoperative when the circulating means
is actuated by the vapor actuating means and
rendering the auxiliary actuating means oper-
ative when the circulating means is not actuated

5 by said vapor actuated means.

30. A vapor generator coraprising means form-
ing g fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, means for driving said circulating means
by vapor flowing from said path, auxiliary driv-
ing means for said circulating means, and con-
trol means to control the operation of said auxil-
iary driving means in response to the flow of
fluid to said path. )

31. A vapor generator comprising means ferm-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, means for actuating said circuiating
means by vapor flowing from said path, fluid
driven auxiliary actuating means for said circu-
lating means, and control means responsive to
the flow of fluid to said path for rendering said
fluid driven suxiliary actuating means inopera-
tive when the vapor actuating means is operative.

32. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, means for actuating said circulating means
by vapor flowing from said path, fluid driven
auxiliary actuating means for said circulating
means, and control means for rendering said fluid
driven auxiliary actuating means inoperative
when the circulating means is actuated by the
vapor actuating means and for rendering said
auxiliary actuating means operative when the
circulating means is not actuated by the vapor
actuating means, and fluid feeding means for
supplying fluid under pressure to said auxiliary
actuating means.

33.- A vapor generator comprising means form-
ing a fluid flow path, circulating means for deliv-

3 er;ng,ﬂuid,to S%id path_uqder pressure, means for
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‘heating the fluid for conversion of liquid to vapor,
means for actuating said ecirculating means by
vapor, fluid driven auxiliary actuating means for
-said circulating means; contro meang for render-
ing said fluid. driven auxiliary actuating means
inoperative when the circulating means is actu-
ated by the vapor actuating means and for ren-
dering said auxiliary actuating means operative
when the circulating means is not actuated by the
vapor actuating. means, means for. delivering
Yvapor and liquid from said flow. path to the‘meang
for actuating said circulating means by vapor, g
separator in the path of flow of vapor from said
flow path to the vapor actuated means, and mov-

able vapor and liquid separating means in the -

path of the vapor flowing from said frst~men.
tioned separator to the vapor actuated means.
34. A vapor generator comprising means form-
' ing a fluig flow path, circulating means for de-
livering fluid to said path under pressure, means
for heating the fluid-for conversion of liquid. to
vapor, means for actuating said circulating means
by vapor, fluid driven auxiliary actuating means
for said circulating means, control means for
rendering wsaid- fluid - driven auxiliary actuating
means inoperative when the circulating means is
actuated by.the vapor actuating means and for
rendering said auxiliary actuating means opera-
tive when the circulating means is not actuated
by the vapor actuating means, means for deliv-
ering vapor and liquid from said flow nath to the
means for actuating said circulating means by
vapor, a separator in the path of fiow of vapor
from said flow path to the vapor actuated means,
and movable vapor and liquid separating means
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in the path of the vapor flowing from said firsi- _

mentioned separator to the vapor actuated means,
the movable separating means being operatively
connected to said circulating means and actuated
therewith.

35. A vapor generator comprising means form-
ing a fluid flow path, circulating means for de-
livering fluid into said path under pressure, means
for heating the fluid for conversion of liquid to
vapor, vapor actuated driving means for driving
said circulating means by vapor flowing from said
flow path, fluid actuated auxiliary driving means
for said circulating means, fluid feeding means
for supplying fluid under pressure to said auxil-
iary driving means, and control means responsive
to the flow of fluid from said circulating means
for controlling the flow of fluid to said auxiliary
driving means and the flow of vapor to said vapor
actuated driving means to diminish the flow of
fluid to said auxiliary driving means and to in-
crease the flow of vapor to said vapor actuated
driving means upon an increase in flow of fluid
from said circulating means.

36. The method of generating vapor which
comprises delivering fluid to a circulating zone,
passing fluid from the circulating zone to g gen-
erating zone under pressure, controlling the de-
livery of fluid to the circulating zone by vapor
generated in the generating zone, normally uti-
lizing vapor from the generating zone to develop
bressure in the circulating zone, utilizing fuid
under pressure to develop pressure in the cir-
culating zone when the vapor from the generat-
ing zone is insufficient to develop pressure in the
circulating zone, and controlling the quantity of
fluid under pressure utilized to develop pressure
in the circulating zone in response to the fow of
fluid from the circulating zone.

37. A vapor generator comprising a vapor gen-
erating section, a superheating section, means
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for firing the vapor generating and superheating
sections, circulating means, means for conducting
fluid to the circulating means; conduit means for
conducting fluid under pressure from the cir-
culating means to the vapor generating section,
vapor actuating means for actuating the cir-
culating means, means for conducting vapor from
the vapor generating section to the vapor actuat-
ing means, fluid actuated auxiliary driving means
for .said circulating means, means for conducting
fluid- under :pressure to said- auxiliary driving
means, control: means to control the flow. of fluid
to said auxiliary driving means in response to
the flow of fluid. to the vapor generating section,
and conduit means for conducting vapor from
the vapor actuated meang to:the superheating
section. : S -

38. A vapor generator comprising a vapor gen-
erating section, a superheating section, means for
firing the vapor generating and superheating sec-
tlons, circulating means, means for conducting
fluid to the circulating means, conduit means for -
conducting fluid under. pressure from the cir-
culating means to the vapor generating section,
vapor actuating means for actuating the cir-
culating means, means for conducting vapor from
the vapor generating section to the vapor actu-
ating . means, fluid. actuated auxiliary driving
means for said circulating means, means for con.
ducting fluid under pressure to said auxiliary
driving means, control means for rendering the
auxiliary actuating means inoperative when the
circulating means is actuated by the vapor actu-
ating means and rendering the auxiliary actuat-
ing means operative when the circulating means
is not actuated by said vapor actuated means, and
conduit means for conducting vapor from the
vapor actuating means to the superheating sec-
tion.

39, A vapor generator comprising a vapor gen~
erating section, a superheating section, means for
firing the vapor generating and superheating sec-
tions, separating and circulating means compris-
ing a housing, a circulating pump in the housing,
2 vapor and liquid separator in the housing, a
vapor actuated turbine in the housing for driving
the circulating pump, fluid actuated means in the
housing constituting auxiliary means for driving
the circulating pump, control means for render-
ing the fluid actuated means inoperative when
the circulating pump is actuated by the vapor
actuated turbine and for rendering the fluid actu-
ated means operative when the circulating pump
is not actuated by said vapor actuated turbine,
and means for conducting vapor from the vapor
turbine to the superheating sectien.

40. A vapor generator comprising  tubular
means forming a fluid flow path, means for heat- -
ing fluid in said path for conversion of the Auid
to vapor, circulating means for delivering fluid
to said path under pressure having an inlet and
a discharge, means for delivering feed fluid to
the inlet of the circulating means prior to intro-
duction of the fluid into said flow path, means
for delivering feed fluid from the discharge of the
circulating means to said flow path, and driving
means for the circulating means actuated by
fluid discharged by the means for delivering feed
fluid to the ecirculating means, the discharge of
the driving means being unconnected directly
with the inlet of the circulating means.

41. A vapor generator comprising tubular
means forming a fluid flow path having an inlet
through which feed fluid enters the path and
an outlet through which vapor is discharged from
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the path, circulating means for delivering fluid
to said path under pressure having an inlet and
discharge, conduit means connecting the inleb
of said path and the discharge of the circulating
means, means for heating the fluid in said path
for conversion of liquid to vapor, means for dis-
charging feed fluid under pressure, means for
conducting part of the feed fluid discharged from
said feed fluid discharging means to the inlet of
the circulating means prior to the introduction
of the feed fiuid into the flow path, fluid actu-
ated ‘driving means for the ¢irculating means,
and means for conducting to the driving means
ahother part of thé fuid discharged from said
feed fluid discharging means to actuate the driv-
ing means, the discharge of the driving means
peing unconnected directly with the inlet of the
circulating means. - S : :

49 The method- of generating ‘vapor which
comprises delivering fluid to a-circulating zone,
passing flid from the circulating zone to a gen-
erating zone under pressure, controlling the de-
livery of fluid to the circulating zone, normally
utilizing vapor from the generating zone to de-
velope pressure-in the circulating zone, tontrol-
ling the quantity of vapor utilized to -develop
pressure in the circulating zone in response to the
flow of fluid from ‘the circulating zone, utilizing
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fluid under pressure to develop pressure in the
circulating zone wher the vapor from the gen-
erating zone is insufficient to develop pressure in
the circulating zone, and controlling the quantity
of fluid under pressure utilized to develop pres-
sure in the circulating Zone in response to the
flow of fluid from the circulating zone.

43. The method of generating vapor which
comprises delivering fluid under pressure o a
generating zone, normally controlling the deliv-
éry of fluid to the generating zone by the flow
of vapor generated in said zone, initially control-
ling -the delivery of fluid to the generating zone
by the flow of other fluid under pressure, decreas-
ing the flow of other fluid under pressure in re-
sponse to an increased flow of the first-men-
tioned fluid to the vapor generating zone until
the vapor generated in the vapor generating zone
is sufficient to control the delivery of fluid fo
the generating zone, discharging said other fiuid
from direct flow to said generating zone after
use of said other fluid for initially controlling
delivery of the first-mentioned fluid, and there-
after normally controlling the delivery of said
first-mentioned fluid to said vapor generating
zone. '

' MARTIN ¥FRISCH.



