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This invention relates to the generation and:
the superheating of vapor, and more particularly

pertains to controls therefor.

"The invention provides automatic controls for a
vapor generating and superheating system hav-
ing separately fired vapor generating and super-
heating furnaces, which operates to maintain a
predetermined final vapor temperature and pres-
sure at all loads on the system, and upon a change
in load on the system, to change momentarily the

- quantity of fuel delivered to the vapor generating
furnace to a point beyond that which is required
for the new load and in the same direction, and
then _gra.dually to0 change to the normal quantity

‘required for the new load, thus reducing or
eliminating the lag usually present in such con-
trol systems between the appearance of a new
condition and the response to meet that condi-
tion. : :

The invention will be disclosed as applied to a
steam generator of the once-through type, but
it will be understood that it is capable of general
application.

The invention will be understood from the fol-

lowing description considered in- connection with
the accompanying drawing forming & part there- -

of, and in which:

Fig. 1 is a more or less
vertical section of & once-through steam boiler
embodying the invention; o

Fig. 2-is a vertical sectional view on an enlarged
scale, of part of the differential control device
shown in Fig. 1, and '

Fig. 3 is & more or less diagrammatic sectional
view of another form of differential control device
" which may be employed.

Like characters of reference refer to the same
parts throughout the several views.
Referring to the drawing, reference character

10 designates the setting of & once-through boiler

having a boiler furnace i{ fired by one or more
fuel burners 12, and a separate superheater fur-
nace i3 fired by one or more burners 14, The
setting has a flue 15 in which may be located one
or more heat recovery devices, such as an econo-
mizer or an air heater. Feed water is introduced
. into -the boiler through feed line 16 and flows
through the steam generating section having
tubes 11 above both furnaces f{ and 13 and €Xx-
tensions 18 of these tubes disposed at three sides
of the boiler furnace. Steam generated in the
tubes 1T and 18 flows directly into the superheat-
ing section comprising,extensions 19 of the tubes
of the steam generating section, and which are
disposed above and at one side of the superheater

20

diagrammatic view in -

(CL 122—448)

furnace 3. Superheated steam is discharged
through steam line 20. S
Feed line 16 has a valve 21 controlled by &
diaphragm 22 which is actuated in response to
g changes in pressure of the superheated steam
flowing from the boiler through discharge line
20, such pressure changes being transmitted
through a line 23. If the pressure of the super-
heated steam in line 20 increases, feed valve 24
“moves toward closed position and decreases the
quantity of feed water delivered to the boiler,
whereas if the pressure decreases, the feed valve
js moved toward open position and increases the
quantity of feed water delivered to the boiler.
Fuel is supplied to the burner {& which fires the
superheater furnace i3 through line 24 having &
valve 26 which is controlled in response to the
temperature of the superheated steam discharged
by the boiler through line 20. Valve 28 is op-
.erated by a diaphragm 26 which is actuated in
response to & thermostat 21 in line 20. If the tem- .
perature of the superheated steam falls bhelow &
predetermined point, valve 2§ is moved toward
open position and more fuel is delivered to the
purner 4, whereas if the temperature rises above
the predetermined point,
ward closed position and less fuel is delivered to
- the burner. . '
Fuel is supplied to the burner 12 which fires the
30 boiler furnace, through a line 28 having a valve
29 which is controlled in response to the differen-
tial pressures across two spaced resistances in the
steam generating section of the boiler through
which the water flows in series, the feed line i6
g5 being considered part of the steam generating
section. ‘These resistances may be orifices or sub-
stantial portions of the evaporating surface of
the steam generating section. As shown, the first
resistance is an orifice 30 in the feed line 16, the
40 opposite sides of which are connected with a con-
trol cylinder 81 at opposite sides of the piston 32
therein, line 33 connecting the inlet side of orifice
30 with the lower side of the piston 32, and line
34 connecting the outlet side of the orifice with
48 the upper side of the piston, the arrangement
being such that an increase in flow of feed water
will move valve 29 toward open position and ad- -
mit more fuel fo the boiler furnace burner, and
& decrease in the flow of feed water will move the
50 valve toward closed position and admit less fuel
to the burner. Valve 28 is connected to piston 32
through rod 35 upon which & coil spring 36 acts
to urge the valve toward closed position. The’
second resistance constitutes a substantial portion
BB of the steam generating section, and as shown,
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the valve is moved to-" -



. lower side of the piston.
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is the length of tubing designéted 17’ at an inter-
mediate portion of the steam generating section.
The inlet end of this portion 1T’ is connected

- through line 37 with the upper side of a piston 38

in cylinder 39 disposed above cylinder 31, and the
outlet end is connected through line 40 with the
Piston 38 is connected
to piston 32 through a rod 41. The arrangement
is such that an increase in the flow through por-

tion 17’ will tend to move valve 29 toward closed-

position and a decrease in flow through this
portion will tend to move. valve 29 toward open
position.

Flow thrdugh orifice 30 causes a pressure drop~

P1—P3, where Pi1 is the pressure on the inlet side
of the orifice and P2 is the pressure on the outlet
side of the orifice. This pressure drop is sub-
stantially proportional to w?S, where w is the rate

4
not changed momentarily to a greater extent than
is required for the new load."

In the differential control device shown in Fxg. .
3, diaphragms instead of pistons-are employed.
Cylinder 42 having a diaphragm 43, the opposite

-sides of which are in communication with opposite

sides of the orifice 30 in the feed line {6. Cyl-
inder 44 has a diaphragm 45, the opposite sides of

. which are in communication with the ends of por-
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tion 171’ of the steam generating- section of the
boiler. - The stem of the valve 29 is pivotally con-
nected to one end of a lever 46, the other end of
which is pivotally connected to the rod 47 of dia-

“phragm 43, and the central portion of which is

15

of flow of feed water to the boiler and S is the

specific volume of the water. This flow of feed

- water exerts a force on the piston 32 of area A

in cylinder 31 which is proportional to (P1—P2) A

“or (w2S) A4, and which acts to move the valve to-

ward open position upon an increase in flow of
the feed water to the boiler. Similarly the re-
sistance to flow through the portion {1’ of the

steam generating section exerts a force (P3—Pi)d -

or (w¥s)a on the piston 38 of area “a” in the
upper cylinder 39, which acts to move the valve
29 toward closed position upon an increase in the
flow through portion 171’, P3 being the pressure at
the inlet end of portion 17’, P: being the pres-

sure at the outlet end of portion {7/, and “s” being

the specific volume of the water and steam mix-
ture flowing through portion 17’. The net open-
ing of the valve 29 thus will be substantially pro-
portional to w2(SA—sa).

20

pivotally connected -to the rod 48 of the dia-
phragm &5. The mode of operation and the results
obtained with this differential control device are -
substantially the same as described in connection
with the con'espondmg device shoWn in Flgs 1
and 2.

Changes may be made, in the form, location and

" relative arrangement of the several parts of the

25
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When the boiler is operating steadily, valve 29 -

will be held open against the action of spring 36 by
8 force substantially proportional to w?(S4—sa).

' ‘Should the load on the boiler increase, the pres-

sure in line 20 will decrease which will cause feed
water valve 16 to move to a more open position/

thereby -increasing the factor w and increasing

- the force tending to move valve 29 toward a more

open position, in accordance with the formula,
and increasing the flow of fuel to burner (2 in
the boiler furnace. Initially, the specific volume s

at a portion 11’ of the steam generating section .

will decrease because of the lower pressure in the
outlet line 20, but this specific volume will there-
after gradually increase as the pressure builds up
in the outlet line 20, This will cause the force
acting on valve 28, wz(SA—sa) to increase in-
itially, and momentarily open the valve 28 more
than is required for the new load, after which the
force decreases gradually and moves the valve 29

- to a more closed position until it attains its re-

quired position for that particular load on the
boiler. Thus, the fuel supplied to the boiler fur-
nace burner. {2 is momentarily increased above
the supply which is required for the new load
and then is gradually reduced to the required
amount. Contrariwise, should the load on the
boiler decrease, the result will be the reverse of
that just described, and the valve 29 momen-
tarily ‘will be closed more than would be neces-
sary for the lower load, after which the wvalve

‘would be -opened gradually until it attained its

correct position for the new load. .

‘With this control system, it will be perceived
that the time of response of the boiler to the con-
trols is reduced materially, as compared with the
lag which would be encountered if the quantity of
fuel supplied to the boiler furnace burner were
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-trol device, or the  other control devices.,

forms of the invention disclosed without depart-
ing from the prineiples of the invention. For ex-
ample, an orifice may be employed in lieu of the
portion §1” of the steam generating section, or a
portion of the steam generating section 17 or a
portion of the feed line 16, may be used instead
of the orifice-30. Any suitable multiplying device
or devices may be used with the differential con-
Ac-
‘cordingly, the invention is not to be limited ex-
cepting by the scope of the appended claims. .

What is claimed is: ) ,

1. A vapor generator comprising a vapor gen-
erating section, a superheating section, separate
furnaces for sald sections, means for independ-
ently firing each furnace, means responsive to a
condition of the superheated vapor for controlling
the means for firing the furnace for the super-
heating section, and means responsive to the dif-
ferential pressure across spaced flow resistances
in the path of fluid which flows through the vapor
generating section for controlling the means for
firing the furnace for the vapor generating sec-
tion. -

2. A vapor genera.tor comprismg a vapor gen-
erating section, a conduit through which feed
liquid is delivered to said section, a superheating
section, separate furnaces for said sections, means -
for independently firing each furriace, a valve in
said conduit, means responsive to the pressure -

. of the superheated vapor for controlling said
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valve, means responsive to the temperature of the
superheated vapor for controlling the means for
firing the furnace for the superheating section,
and means responsive to the differential pressure

across spaced flow resistances in the path of fluid

which flows through the vapor generating section

“for controlling the means for firing the furnace

- for the vapor generating section. -
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3. A vapor generator ccomprising & vapor gen-
erating section, :a conduit ‘through which feed
liquid is delivered to :said section, a superheating
section, separate furnaces for said sections, at
least one burner for firing each furnace, a con-
duit through which fuelis-delivered to the at least

‘one burner for each furnace, a valve in each con-

duit, a valve in the feed liquid conduit, means
responsive to the pressure of the superheated .
vapor for controlling the valve in the feed liquid
conduit, means responsive to the temperature of
‘the superheated vapor for controlling the valve
in the conduit through which fuel is delivered to
the at least one burner of thé furnace for the
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superheating section, and means responsive to the
differential pressure across spaced flow resist-
ances in the path of fluid which flows through
the vapor generating section for controlling the
valve in the conduit through which fuel is deliv-
ered to the at least one burner of the furnace for
the vapor generating section.

4. A vapor generator comprising a vapor gen-
-erating section and a vapor superheating section

connected to provide a continuous path of flow

in which substantially all the liquid delivered to
said path is vaporized, a furnace for the generat-
ing section, a furnace for the superheating sec-
tion, & burner for firing each furnace, means for
separately delivering fuel to each burner, means
for controlling the supply of Hquid to the gen-
erating section in response to the pressure of the
vapor superheated in said superheating section,
and means for controlling the supply of fuel to
_‘the burner for the generating section in response
to the differential pressure across a plurality of
flow resistances in the path of flow of the liquid
vaporized and superheated in said path of flow.

5. The method of generating and superheating
. vapor which comprises flowing liquid in a path
of flow wherein it is vaporized and the vapor is
superheated, supplying fuel separately to sepa-
rate combustion zones to produce separate
streams of products of combustion, one -of which
flows in heat exchange relationship with the va-
porizing part of said flow path and another of
which flows in heat exchange relationship with
the superheating part of said flow path, control-
ling the quantity of fuel delivered to the zone in
which the first mentioned stream of products of
combustion is produced in response to the differ-
ential pressure across a plurality of flow resist-
ances in sald path of flow, and controlling the
quantity of fuel delivered to the zone in which
the second-mentioned stream of products of com-
bustion is produced in response to a condition of
the superheated vapor.
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).
8. The method of generating and superheating

vapor which comprises . flowing Hquid in a path
of flow wherein it is vaporized and the vapor is
superheated, supplying fuel separately to separate
combustion zones to produce separate streams of
products of combustion one of which. flows in
heat exchange relationship with the vaporizing
part of said flow path and another of which flows
in heat exchange relationship with the super-
heating part of sald flow path, controlling the
quentity of fuel delivered to the zone in which
the second mentioned stream of products of com-
bustion is produced in response to the tempera-
ture of the vapor superheated in said flow path,
and controlling the quantity of fuel delivered to
the zone in which the first mentioned stream of
products of -combustion is produced in response
to the differential pressure across a plurality of
fiow resistances in said path of flow. ’
7. The method of generating and superheating
vapor which comprises fiowing lquid in a path
of flow wherein it is vaporized and the vapor is
superheated, supplying fuel separately to sepa-
rate combustion zones to. produce separate
streams of products of combustion one of which
flows in heat exchange relationship with the va-
porizing part of said flow path and another of
which flows in heat exchange relationship with
the superheating part of said flow path, control-
ling the quantity of fuel delivered to the zone in
- which the second mentioned stream of products
of combustion is produced in response to the
temperature of the vapor

superheated in said-
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6 o
flow path, and controlling. the quantity of fuel
delivered to the zone in which the first mentioned
stream of products of combustion is produced in
response to the differential pressure across a plu-
rality of flow resistances in said path of flow, the
operation being.such that a change in flow of
fluid through saill flow path will cause said differ-
ential pressures to exert opposite effects upon the
supply . of fuel to the zone in which the first men-
tioned stream of products of combustion is pro-
duced. ‘ _ -

8. A vapor generator conmiprising feed liquid
delivery and - vapor generating sections, means
for delivering feed liquid to said sections, a fur-
nace, means for firing the furnace, means for
supplying fuel to the firing means, means for
varying the amount of fuel supplied to said firing '
means, means for varying the quantity of feed
liquid delivered to said sections in response to
variations in load on the generator, means for-
controlling the furnace firing’ means comprising’
means responsive to differential pressure across -

a flow resistance in the path of fluid which flows .

through the feed delivery section, and other
means for controlling the furnace firing means,
said other means being responsive to differential

pressure between spaced points within the vapor - -

generating section, the arrangement being such
that upon a change in load on the generator the
quantity of fuel supplied to the firing means is
changed momentarily to a greater extent than is
necessary for the new load and then is returned .
to the required amount for the new load.
9. A vapor generator comprising feed liquid- -
delivery and vapor generating sections, means for
delivering feed liquid to said sections, a furnace, .
means for firing the furnace, means for supplying
fuel to the firing means, means for varying the
amount of fuel supplied to said firing means,
means for varying the quantity of feed liquid de-
livered to said sections in response to variations
in load on the generator, means for controlling
the furnace firing means comprising means re-
sponsive to differential pressure across g, flow re-
sistance in the path of fluid which flows through
the feed. delivery section, and other means for
controlling the furnace firing means, sald other
mesns being responsive to differential pressure
between spaced points within the vapor generat-
ing section, the arrangement being such that the
amount of fuel supplied to the firing means is
changed to a greater extent than is required at -
a given load by a change in differential pressure
across the flow resistance in said feed delivery °
section, and is returned to a normal amount for
said given load by a change in differential pres-

‘sure across the spaced points within the vapor

generating section. - : .
10. A vapor generator comprising feed liquid
delivery and vapor generating sections connected
to provide a2 continuous path of flow in which
substantially all the liquid delivered to said path
is vaporized, means for delivering feed liquid to
said sections, means for varying the amount of
feed liquid delivered-in said sections in response
to variations in load on the generator, a furnace,
a burner for firing the furnace, & conduit through
which fuel is delivered to the burner, a valve in
said conduit, a plurality of pressure responsive
devices connected to said valve, pressure trans-
mitting means connecting opposite sides of one
of said pressure responsive devices with opposite
sides of a flow resistance in the path of fluid
which flows through the feed delivery sections of

the generator, and other pressure transmitting
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teans connecting opposite sides of another of
said pressure responsive devices with spaced
points within the vapor generating section of the
generator, the arrangement being such that the
amount of fuel supplied to the burner is changed
to & grealer extent than is required at a given
load by change in differential pressure across the

flow resistance in the feed delivery section, and'
is returned to a normal amount for said given-

load by a change in differential pressure between

10

the spaced points within the vapor generating

section. :

i1, A vapor generator comprising feed liquid

delivery and vapor generating sections connected
to provide a contintious path of flow in which
substantially all the liquid delivered to said path

is vaporized, means for delivering feed liquid to

said sections, means for varying the amount of
feed liquid delivered in said sections in response
to variations in load on the generafor, a furnace,
a burner for firing the furnace, a conduit through

15

required at a given load by change in differential . -

pressure across the flow resistance in the feed

delivery section, and is returned to a normal
amount for said given load by a change in dif-
ferential pressure between the spaced points
within the vapor generating section.

13, A vapor generator comprising feed liquid
dellvery and vapor generating sections connected
to provide a continuous path of flow in which
substantially all the liquid delivered to said path

is vaporized, means for delivering feed liquid to

sald sections, means for varying the amount of
feed liquid delivered in said sections in response
to variations in load on the generator, a furnace,
a burner for firing'the furnace, a conduit through
which fuel is delivered to the burner, a valve in
said conduit, a plurality of diaphragms connected

. to said valve, tubular members connecting oppo-

20

which fue! is delivered to the burner, a valve in

said conduit, a plurality of pressure responsive

" devices connected to said valve, pressure frans-

mitting means connecting opposite sides of one
of said pressure responsive devices with opposite
sides of a flow resistance in the path of fluid

" which flows through the feed delivery section of

the generator, and other pressure transmitting
means connecting opposite sides of another of
said pressure responsive devices with spaced
points within the vapor generating section of the
generator, said pressure transmitting means be-

' ing connected to said pressure responsive devices

in such manner that a change in flow of fluid

through said path of flow will cause said pres--

sure responsive devices to have opposite effects
on the movement of said valve, the arrangement
being such that the amount of fuel supplied to
the burner is changed to a greater extent than is

- required at a given load by change in differential

pressure across the flow resistance in the feed

delivery section, and is returned to a normal.

amount for said given load by a change in dif-
ferentlal pressure between the spaced points
within the vapor generating section.

25
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site sides of a flow resistance in the path of fluid
which flows through the feed delivery section of
the generator with opposite sides of one dia-
phragm, and other tubular members connecting
spaced points within the path of flow of fluid
which flows through the vapor generating section
of the generator with opposite sides of another
diaphragm, said tubular members being connect-
ed to sald diaphragms in.such manner that e
change in flow of fluid through said path of flow
will cause said diaphragms to eéxert forces in op-~
posite directions on said valve, the arrangement
being such that the amount of fuel supplied to
the burner is changed to a greater extent than -
is required at a given load by change in differen-

* tial pressure across the flow resistance in the feed

36
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delivery section, and is returned %o a normal
amount for said given load by a change in dif-
ferential pressure between the spaced points
within the vapor generating section.

14. The method of generating vapor which

comprises flowing liquid in & path of flow com-

. prising & feed liquid delivery zone and a vapor

45

i2. A vapor generator comprising feed liquid '

‘ delivery and vapor generating sections connected

to provide a continuous path of flow in which
substantially all the liquid delivered to said path
is vaporized, means for delivering feed Hquid to
said sections, means for varying the amount of
feed liquid delivered in said sections in response
to variations in load on the generator, a furnace,
a burner for firing the furnace, a conduit through
which fuel is delivered to the burner, a valve in
said conduit, a plurality of pistons each movable
in a separate cylinder and connected to said
valve, tubular members connecting opposite sides
of a flow resistance in the path of fluid which
flows through the feed delivery section of the
generator with one of sald cylinders at opposite
sides of the piston therein, and other tubular
members connecting spaced points within -the
vapor generating section of the generator with
another of said cylinders at opposite sides of the

" piston therein, said tubular members being con-

nected to said cylinders in such manner that a
change in flow of fluid through said path of flow

50
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will cause sald pistons to exert forces in opposite 7o

directions on said.valve, the arrangement being

. such that the amount of fuel supplied to the

burner is changed to a greater extent than is

generating zone, burning fuel to supply heat to
said flow path to generate vapor, varylng the
liquid fed to said flow path in response to varia-
tions in load on the generator, changing the-
quantity of fuel burned upon a change in load
on the generator to a greater extent than is nec-
essary at o given load in response to change in
the differential pressure across a flow resistance
in the feed liquid delivery zone, and returning the
quantity of fuel burned to the required amount
for said given load in response to change in the
differential pressure between the spaced points
within the vapor generating zone.

JOHN BLIZARD.
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