M. FRISCH
VAPOR GENERATING APPARATUS WITH

Oct. 31, 1950

2,527,539

AUTOMATIC FUEL CONTROL

Filed Sept. 21, 1944

2 Sheets-Sheet 1

Q
M
\

—

8
\

SEEEREEE
LSRN AN N AN AN

|
|

B

__k

\O
\

g.mwjl_

N\
N A M
X &~

fffﬂldlsfr;rrerrlulf]ﬂ rlﬁ;araaa*;fﬁ.rir:Jrﬂfﬁ_ﬂllllﬂrddl

LY b, Ny ....,_
N\
AT AT L NN L N N . R T W W, 1 L L LY

HO —

_?rﬂlﬂlﬂuf:fr

L3 ..f LY
. DN o\ e AL LR VLN N W W, N\
AR S T W N T MW ;fffff;;ffffff,.,..rf...ufrmffflf...ff \

N

:;"‘

rs

o]
A3

\Y

AW

|

L} LY Ny ]
TR LN Y

H 7~ -
! b —r |j _..
2 i I f ¥ ”
] i - b F

I - M |
¥

oy
M A\
S S

1

|2 3 z 3 I
-
3 1 1 by i
] F . ] !
a 1 2 ! -
= z 1 1
\ r 'l " 1
] 1| } \
.]...r.... & 1 1 L
" i . ¥
’ E T -
i L4

=
=
B 1 .ﬁ , LA
F ’
r e F -1
1 A
- o ] 1 w -
T a i 4 ) i _ F
£
F n = F
!
2 r b
1 e
9 i i r k L4
/ *
.

y "

b

-
-+

(T

;J,__/_

”

NG

26"

o

_
m
|
_
_
I
_
[

o

1
|
t
'
_
|
¢
_
f
_
;
_

g2

INVENTOR

S TAL7TIN SR/ SCH,

L

JEJ’JH_H:H;H#’#H;IF

F

.7

ﬂﬂﬂﬂﬂﬂﬂ .f..

-

.-.J..’ [ l.l.._rJ Jl.rf_f..f.f.'_.r.f.fﬂ. -
Nouns e s S DA SN AN AN AN LA AN AN,

.fll.

L

Ny N J.-rf.f..f_rf.f.;.r!_rf_r.f-._f.r.__.F.ﬂ.-_.-.-.____r
....f..m.. L T T . W L W, W . T W, . 1 _....._r...............rf.....

=

L/ ~ -

MM

ATTORNEY




Oct. 31, 1950 M. FRISCH 2,927,539

YAPOR GENERATING APPARATUS WITH
- AUTOMATIC FUEL CONTROL | |
Filed Sept. =1, 1944 -2 Sheeis~Sheet <

o w )
Y

Z/

A R T
- M Y

TURRRNT YN NNCEN NS S S| &
WA L L L1 Y -

i ESUR h y  hy  Tey  Te R R y y y
o 1™ ™, b T W e i S WO, W, S, W, ¥ o)

AR w3 b
HH‘&}‘HH'\-'\‘\\H:\ -

o L L T T T T L1

R R T T

Ty
NN

L

HHNHH'H'&H'&‘#&HHH‘M'\._‘H'HH oy,
b T R . T T T T T e

|

] /

| |
Fa l I
; T o

| |
/ 1
ry ] { 50 1 + 6 :’
L’ . I I I 4
. | I / | I 4

— 76 15 — i ,

D S YA Y AN I

_ oz 6 | A ‘NN' l )
751 | "' &7 DY

INVENTOR
&> &3 /i SRS SCAS

J—&75 -£e_ .

_ _ - ATTORNEY -




Patented Oct. 31, 1950

UNITED STATES PATENT

2,527,539

OFFICE

2,521,539

VAPGOER GENERATING APPARATUS WITEH
AUTCMATIC FUEL C@NTR@L -

- Martin Frisch, New York, N

. assignor to Foster -

Wheeler Cormmtmn New York N. ¥., a cor-
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i
This invention relates to vapor generators, and
‘more particularly pertains to vapor generators of
the forced circulation, once-through type, and to
controls therefor. | -
The invention provides a once-through vapor

penerator and superhesater which is regulated

automatically to deliver superheatﬂd vapor at the
desired temperature and pressure and in the re-
quired quantity, with little or no lag In
sponse 1o changes in conditions requiring regula-
tion.

The 1nvent1on will be understood from. the fol-
lowing description considered in connection with

the acompanying drawings formmg a part

thereof, and in which:

Fig, 1 is a more or less dlagrammatlc vertical
sectional view of a steam generator and super-
heater embodying the invention, and

Fig. 2 is a similar view of another form oi the
invention, |

Like characters of reference ref r to the same
or to similar parts throughout the several views.

- Referring to Fig. 1 of the drawings, referenice -
character 10 designates the setting of a once-

through, forced circulation steam generator and
superheater. The setting has a furnace Il in

the re-

.'::‘

10

18

20

(Cl. 12:?;'—448?) |

| “'Ev

In the first part of the sectlon 22, the evamoratlon.
of the water is completed and in the last part
thereof the steam is superheated to a temperafure
intermediate the saturation temperature and the.
final desired temperature. The steam flowing
from section 22 enters means connecting the first
superheater with a second superheater 25 in the
setting which means comprises a line 23 having

other conducting means or a first connection,

branch line 23’, and further conducting means
or g second connection, branch line 23’’. Branch
lines 23’ and 23’’ have means therem controlled
by the temperature of the superheated steam
ﬂewmg from a second superheater 28 in the set-
ting which means is for controlling the flow of .
steam frora said first superheater to said second
superheater and to tubes 28 of a desuperheating
section and comprises a second valve 24 in branch
23’’ on one side of the outlet. of section 22, and
also a first valve 25 in branch 23’ on the other
side of the outlet of section 22. Valve 24 controls
the direct flow of steam into a superhsater 26
which in the form shown, has a radiant super-

~ heating section 26’ lining the side walls and bot-

20

the lower porticn thereof which is fired by firing

- means, a fuel burner {2, to which fuel is supplied

through line 18 and air is supplied through line
(6. Feed water is conducted to a vapor generat-
ing portion of a combinad vapor generating and
vapor desuperheating section through means for

suprlying fluid thersto which means comprises
line {5 through which the water is conducted to

a9 feed pump I8 which pump forces it through
line {7 into a water heating or an economizer sec-
tion 18 in the uvper part of the setiing. ‘Heated

water, or a mixture of heated water and steam,

is conducted from the economizer section {8 to &
‘steam generating section 19 located in the inter-
mediate part of the setting {8. This steam gen-
erating section is of the double tibe type, and the
rater, or water and steam mixture, from the
economizer flows throuigh the outer tubes in the

space between the outer tubes 19 and the inner

tubes 28. Both the economizer section {8 and
the steam generating section [§ are disposed in
the path of the gases produced in furnace | {, and
which flow in a generally vertically upward direc-
tion to the Alue 21. The steam generating section
ﬂﬂ is connhected to a first superheater in the set-
ting which comprises a radiant generating and
qummrheatmg section 22.
shown, comprises a plurallty of tubes lining the
side walls and hottom of the fumace chamber i,

ai)

tom of the furnace {i and a convection super-

heating section 25’ disposed in the furnace i1 in '

the path of gases flowing therefrom into the flue

21. Superheated steam 1is conducted Ifrom the_
ocenerator through line 27. The tubes of radiant
superneater section 25’ may be disposed adjacent

the walls of the furnace with the tubes of the

 section 22 in any desired manner, for example by

30

44

- flowing to the desuperheating section 2.

i)

Section 22, in the form -

gty
ot 1

alternating the tubes 26’ with the tubes 22. For
clarity of illustration, the tubes 26’ are shown in =

Fig. 1 as disposzd inwardly of the tubes 22, al-
though it will be understood that they may be
dispoesed in alignment with the tubes 22 along the
wall of the furnace, - N

Part of the steam flowing from the section 22
may be passed through the desuperheating sec-
tion compmsmg tibes 28 which are disposed
mainly within the tubes of the generating sec-
tionh 18. Valve 28 controls the quantity of steam
De-
superheated steam flows through other conduct-
ing means or & third connection line 28 into the
superheater 26 where it mixes with steam from
the section 22 which h&as passed throagn valve
98 Valves 24 and 25 are actuated in response

to the temperature of the superheated stzam

Aowing from the generator through line 27. To
this end, a thermostat 29 is disposed in line 27
and this thermostat is connected through a line
30 with bellows 31 and 32 which actuate valves

24 and 25 respectively. The arrangemient is-such
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that as the temperature of the superheated steam

flowing through line 27 increases, valve 24 will
be moved toward closed position and valve 25 wili
be moved toward opened position, and as the
temperature of the superheated steam decreases,
valve 24 will be moved toward opened position
and valve 23 will be moved toward closed nosi-
tion. With this arrangement, as the tempera-
ture of the superheated steam flowing through
line 27 increases, a proportionately greater quan-
tity of the steam leaving the section 22 will flow
through the desuperheater 28 before flowing into
the radiant superheat=r 28’ and convection Su-
perheater 26’’, and contrariwise as the tempera-
ture of the superheated steam diminishes, g
smaller portion of the steam flowing from section
22 will flow through the desuperheatzr 20. When
steam flows through the desuperheater 20, addi-
tional heat is transmitted to the water flowing
through the evaporating section {9 and addi-
tional evaporation in this section resulis, which
increases the resistance to the flow of the water,
or the water and steam mixture, through the
evaporating section, and this resistance to flow
in the evaporating section {9 immediatelv results
in a reduction of the pressure at the hoiler cut-
let, or in the line 2T. |

Feed line I7T is provided with means for con-
trolling the supply of fluid to the vapor gener-
ating section in response to the pressure of steam
flowing from the sescond sunerheater in the set-
ting and compris~s a control valve 32 which is
actuated by a bellows 34, which in turn is oner-
ated in resnonse to variations in pressire of the
steam flowing through line 27, to which the bel-
lows is connected throvgh line 35, pressure regu-
lator contrel box 28 and line 37. Means for con-
trolling the firing of the furnace in response to
the pressure of the suverheated steam flowing
from the second superheater 2% is also nprovided.
The auantity of fuel surp'ied to the burner {2 is
controlled, in the form shown, by a valve 32 in
fuel supply means comnrising line 13, which is
actuated by a bellows 39 which also onerates in
response to variations in pressure in line 27 to
which it is connected through line 48, conirol hox
36 and line 37. The ousntity of air sunplied to
the burner {2 is controlled bv a valve &1 in the
air supply means comnvrising a lins i4, which is
actuated by a bellows 42 which also onerates in
response to pressure variations in line 27, to
which it is connected through line 43, control
box 356 and line 37. The arrsngement is such,
that upon an increase in pressure of the suner-
heated steam flowing through line 27, valve 33
will be moved toward closed nosition to deorease
the auantity of water supvlied to the economizer
section 18, and valves 32 and 4t will be moved to-
ward closed position to decrease the quantity of
fuel and air supvnlied to the burner 12. Uron a
reduction in pressure of the superheated steam
flowing from the boiler through line 27, valve 22
will be moved toward open position to permit a
greater quantity of water to be supplied to the
economizer section 18 and to the evaporating sec-
tion 19, and valves 38 and 41 will be moved to-
ward open position to increase the quantity of
fuel and air supplied to the burner 12.

In operation, feed water is supplied to the
boiler by feed pump 16, and after flowing through
the economizer section (8, it flows into and
through the evaporating section 19 and through
the radiant evaporating and superheating section
22. The steam flowing from section 22 flows into
line 23, and depending upon the positions of the

10
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1
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valves 24 and 25, part or all of the steam will flow

through the desuperheating section 28 and
thence into the superheater 26, or part or all of
the steam will by-pass the desuperheating szction
and will flow into the superheater 25. The steam,
after flowing through the radiant superheating
section 26’ of the superheater 2% passes into the
convection superheating section 25’’. The super-
heated steam at the desired temperature will flow
from the boiler through line 21. If the tempera-
ture of the steam flowing through lins 27 rises,
it may be anticipated that such rise in tempcra-
ture is the result of a reduced demand for steam
and that such reduced demand will cause an in-
crease in pressure of the steam flowing through
line 27. The inerease in temperature will cause
valve 24 to be moved toward closed position and
valve 25 to be moved toward open position, which
will permit steam flowing from section 22 to {fiow

v through the desuperheating seetion 29 or will in-

crease the flow of steam through the desuper-
heating section. Such flow or increasz of filow,
will cause additional evaporation in the evapo-
rating section 19 which will increase the resist-
ance to flow of water, or steam and water,
through the evaporating section 18 momentarily
hefore the pressure regulator will act through the
valve 33 to decrease the flow of feed water into
the boiler. In this manner, the effect of diverting
steam to the desuperheater unon an incrzase in
temperature of the superheated steam flowing
through line 27 in order to adijust the temnpera-
ture in line 21, has the effect of anticipating the
pressure regulation and therebv eliminating or
decreasing the lag which normally would b=
present if reliance were had solely upon the pres-
sure regulation. The increased pressure, in ad-
dition to moving valve 33 toward closed position
will also move valves 38 and 41 toward closed po-
sitions and will diminish the flow of fuel and air
to the burner {2, thereby effecting a rsduction in
the pressure of the steam flowing through line
27. Upon a dror in temperature of the super-
heated steam flowing through line 27, it may he
anticipated that this is due fo the fact that the
demand for superheatcd steam has increassd
and steam is taken out of the boiler at a greater
rate, resulting in a drop in pressure at the hciler
outlet. The temperature regulator will onerate
to diminish or stop the flow of steam through
the desuperheater 20, which will reduce the
gvaporation in section {9 and will momentarily
increase the flow of water, or steam and water,

through the evaporating section for a given set-

ting of the feed water control valve 33. This
momentary inerease in flow through the evaro-
rating section, will anticipate the pressure con-
trol of the valve 33 and as previously described,
will reduce or eliminate the lag which normally
would occur in the response to the new condi-
tions requiring pressure regulation.

In the form of the invention shown in Fig. 2,
the control system is employed with a muiti-fur-
nace steam generator of the forced circulation,
once-through type. The steam generator has a
boiler furnace 45 fired by a fuel burner 45, and
g superheater furnace 47 fired by a fuel burner
48. A vertically inclined bafile 49 separates the
furnaces 45 and 47. Water or steam, or bhoth,
flowing from the evaporating section (9 is con-
ducted into and through conducting means com-
prising a radiant section 58, constituting an evan-
orating or superheating 2zone, or both, having
tubes which line the side walls and hottom of the
boiler furnace 45, and tubes 51 extending across
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“the upper end of the superheater fu:rnace 47,

From tubes 51 the steam, or steam and water

mixture, flows into and through a first suber-
heater in the superheater furnace, consisting of
radiant superheating tubes 52 extending along
the side walls of the superheater furnace &1.
From radiant superheater 52, the steam Iflows
through tubes 53 which also extend across the
upper end of superheater furnace 47, and into
the tube 23 from which the steam flows through
valve 24 or valve 25, or through both of these
valves, depending upon their settings. Steam
flowing through valve 25 flows through the de-
superheating section 20 and then through line
98 into a second superheater in the superheater
furnace, congisting of radiant superheating sec-

10

15

tion 54. Superheated steam at the desired tem-

perature flows from the boiler through line 27.
Steam flowing from the section 52 and through
tubes 53 and valve 24, flows directly into the
superheating section 54

Means for controlling the firing of both fur-
naces in response to the pressure of the super-
heated steam flowing from superheater 54, the
second superheater in the superheater furnace,
is also provided. Fuel is conducted to burner 456

of the boiler furnace 45 through a fuel line 58

which is controlled by a valve B8 actuated by a
bellows 5T which is operated in response to the
pressure of the steam fowing through line 27 to

20

25

30

whieh it is connected through lines 58, 59 and

6. control box 26, and line 37. Ailr is supplied

to both burners 46 and 48 through duct & through
which it is drawn by fan 62 and is forced there-

by through duct 3 and into air ducts 64 and &%
which conduct air to the burners 45 and 48 re-
spectively. 'The quantity of air supplied to burner
48 is controlled by valve 86 controlled by ballows

67 which is actuated in response to the pressure of

the superheated steam in line 27, being connected

therewith through line 68, contro] box 35 and line

27. The qguantity of fuel and air delivered to
superheater burner A2 is controlled in response
to temperature variations of the superheated
steam flowing through line 27. Fuel is supplied

through line 88 and the quantity thereof is con-

trolled by valve 88 actuated by hellows 16 and

 connected to thermostat 29 in line 27 through
The quantity of air suopplied

lines T4, 72 and 3. I}
to burner 48 through duct 85 is controlled by

39

6T
invention, complete gutomatic regulation of once-
through forced circulation boilers is provided to
produce superheated steam at a substantially con-
stant temperature at all loads on the boiler, and
in which fluctuations in pressure and tempera-
ture are minimized. Moreover, it will be observed

‘that with systems embodying the invention,

flow through the |

there is always the full allotted

radiant heating sections, such as section 22 of Fig.

1, and sections 89 and 52 of Fig. 2.

The term “steam?” as used in the Specﬂica,tlon
and the term “vapor” as used in the claims shall
means vapor generated from water or from any -
other liquid.

Changes may be made in the form, location
and relative arrangement of the several parts of
the apparatus disclosed without departing from
the prineciples of the invention. For ezample,

in lieu of employing a feed water control valve

such as valve 33 the pressure control may be ar-
ranged to vary the speed of feed pump 16 to ob-
tain the same result. Additionally, instead of em-
ploying valves in the fuel lines and air ducts to
the burners, the temperature and pressure regu- -
lators may be arranged to control the speed of the
fuel oil pump or the speed of the fan supplying
air to the burners. In view thereof, it will be un-
derstood that the invention is not to be limited
excepting by the scone of the appended clalms -
| Whaﬁr is claimed is: |
Vapor generating apparatus cemprlsmg a
settmg, a furnace in the setting, means for fir-
ing the furnace, a- combined vapor generating

“and vapor desuperheating section in the sefting

disposed in-heat exchange relationship with the

- gases produced in the furnace, means for sup-

40

45

50

valve 74 act: qated by bellows 13 which is connech-

ad 1o thermostat 29 through lines 16, 12 and 13.
As in the form shown in Fig. 1, the valves 24 and
ok are actuated in résponse o variations in

temperature of the superheated steam flowing

through line 27. Valve 23 which controls the feed

to the boiler, is actuated in response to variations

in nressure of the steam flowing through line 21.
The operation is essentially the same as the
operation of the boiler illustrated in Fig. 1, ex-

plying fluid to said section, a first superheater in
the setiing, a second superheater in the setting,

“means connecting the first superheater with the

second suverheater and the desuperheating sec-
tion, the section being arranged so that the fluid
and superheated vapor flow in indirect heat ex-

change relationship with each other, means con-
trolled by the temperature of the superheated

vapor flowing from the second superheater for

controlling the flow of vapor from the first super- R
‘heater to the second superheater and to the de-

superheating section, and means for controlling

the supply of fluid to the vapor generating sec-
' tion in response to the pressure of the superheated
- vapor

owing from the second superhea,ter |
2. Vapor generating apparatus comprlsmg a

_seti,mg, a Turnace in the setting, means for fir-

~ing the furnace, a combined vapor generating and |

bb ‘vapor desuperheating section in the setting dis-
posed in heat exchange relatmnshlp with the
. means for sup-

plying fluid to said section, a first superheater

in the setting, a second superheater in the set-

a0

cepting that for greater sensitivity of control, the
superheater furnace firing is controlled from the

temperature of the superheated steam while the

hoiler furnace firing is controlled from the pres-

sure of the superheated steam. The action of
the desuperheater section 20 is the same as in the
form shown in Fig. 1, with the result that the

overation of the desuperheating gection antici-.

pates the changes required by temperature varia-
tions of the superheated steam and acts hefore
the other temperature and pressure controls act,
thereby reducing or eliminating the lag which

- fluid and superheated vapor flow in indirect heat
(i

gases produced in the furnace,

ting, means connecting the first superheater with

- the second superheater and the desuperheating

section, the section being arranged so that the

exchange relationship with each other, means .
controlied by the temperature of the superheated

~ vapor flowing from the second superheater for

would be present otherwise in the response to

- meet the changed conditions.

With apparatus embodying and employmg the P

controlling the fiow of vapor from the first super-
heater to the second superheater and to the de-
superheating section, means for controlling the
supply of fluid to the. vapor generating section
in response to the pressure of the superheated
vapor flowing from the second superheater, and
means for controlling the means for firing the
furnace in response to the pressure of the super-




2. 527,539

7

heated vapor flowing from the second super--

heater.

3. Vapor generating apparatus comprising a
setting, a furnace in the setting, at least one fuel
burner for firing the furnace, a combined vapor
senerating and vapor desuperheating section in
the setting disposed in heat exchange relation-
shiv with the gases produced in the furnace,
means for supplying fluid to said section, a first
superheater in the setting, a second superheater
in the setting, means connecting the first super-
heater with the second superheater and the de-
- superheating section, the section being arranged
so that the fluid and superheated vapor flow in
indirect heat exchange relationship with each
other, means controlled by the temperature of
the superheated steam flowing from the second
superheater for controlling the flow of vapor
from the first superheater to the second super-
heater and to the desuperheating section, means
for controlling the supply of fluid to the vapor
generating section in response to the pressure of
the superheated vapor flowing from the second
superheater, means for supplying fuel to said

burner, means for supplying air to said burner, -

and means for controlling the gquantity of fuel
and air supplied to said burner in response to
the pressure of the superheated vapor flowing
from the second superheater. i

4. Vapor generating apparatus comprising a :

setting, a furnace in the setting, at least one
fuel burner for firing the furnace, a combined
vapor generating and vapor desuperheating sec-
tion in the setting, both the vapor generating por-
tion and the desuperheating portion of said sec-
tion being disposed in the path of flow of the
gases produced in the furnace, the portions be-
ing arranged so that fiuid and superheated vapor
flow in indirect heat exchange relationship with
each other, means for supplying fluid to the gen-
erating portion of said section, a first radiant
superheater in the furnace, a first connection be-
tween said superheater and the desuperheating
portion of said section, a first valve in said con-
nection, a second superheater in sald furnace,
g second connection between said first and sec-
oné superheaters, a third connection bhetween
the outlet of the desuperheating portion of sald
csection and the second superheater, a second
valve in said second connection, and means for
operating said valves In response to the tempera-
ture of the superheated vapor flowing from said
second superheater, said valve operating means
being arranged to move the first valve toward
open position and the second valve toward closed
position upon an increase In temperature and
to move the first valve toward closed position
snd the second valve toward open position upon
a decrease in temperature.

5. Vapor generating apparatus of the charac-

ter defined in claim 4, in which the quantity of
fluidq supplied to said section is controlled in re-
sponse to the pressure of the superheated vapor
flowing from the second superheater.
- 6. Vapor generating apparatus of the charac-
ter defined in claim 4, in which the intensity of
firing of the at least one fuel burner is con-
trolled in response to the pressure of the super-
heated vapor flowing from the second super-
heater. |

7. Vapor generating apparatus of the charac-
ter defined in claim 4, in which the quantity of
filuid supplied to said section and the intensity of
firing of the at least one fuel burner is con-
trolled in response to the pressure of the super-

b

10

]lr.}
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heated vapor flowing from the second super-
heater.

8. Vapor generating apparatus comprising a
setting, a furnace in the setting, at least one fuel
burner for firing the furnace, a combined vapor
generating and vapor desuperheating section in
the setting, both the vapor generating portion
and the desuperheating portion of said section
being disposed in the path of flow of the gases
produced in the furnace, the portions being ar-
ranged so that fluid and superheated vapor flow
in indirect heat exchange relationship with each
other, means for supplying fluid to the generat-
ing portion of said section, a first radiant super-
heater in the furnace, a first connection between
said superheater and the desuperheating portion
of said section, a first valve in said connection, a
second superheater having a radiant superheat-
ing section and a convection superheating section
disposed in said furnace, a second connection be-
tween said first and second superheaters, a third
connection between the outlet of the desuper-
heating portion of said section and the second
superheater, a second valve in said second con-
nection, and means for operating said valves in
response to the temperature of the suverheated
vapor flowing from said second superheater, said
valve operating means being arranged to move
the first valve toward open position and the sec-
ond valve toward closed position upon an in-
crease in temperature and to move the first
valve toward closed position and the second valve
toward open position upon a decrease in tempera-
ture.

0. Vapor generating apparatus comprising a
setting, a furnace in the setting, at least one fuel
hurner for firing the furnace, a combined vapor
generating and vapor desuperheating section in

the setting disposed in the path of flow of the

gases produced in the furnace, means for sup-
plyineg fluid to the generating portion of said
section, a superheater furnace in the setting, at
least one fuel burner for firing the superheater
furnace, a first superheater in the superheater
furnace, conducting means for conducting vanor
from the vapor generating portion of said section
to the first superheater, a second superheater in
the superheater furnace, other conducting means
for conducting vapor from the first sunerheater
to the desuperheating portion of said section and
froin said portion to the second superheater, fur-
ther conducting means for conducting vapor di-
rectly from the first to the second superheater,
means responsive to the temperature of the vapor
flowing from the second supsrheater for control-
ling the quantity of vapor flowing from the first
superheater to the desuperheating portion of said
section, and means for controlling the quantity of
fluid delivered to the generating portion of said
section 1In response to the pressure of the super-
heated vapor flowing from the second super-
heater.

10. Vapor generating gpparatus comprising a
setting, a furnace in the setting, at least one
fuel burner for firing the furnace, a comhined
vapor generating and vapor desuperheatine sec-
tion in the setting disposed in the path of flow of
the gases produced in the furnace, means for
supplying fluid fo the generating portion of said
section, a superheater furnace in the setting, at
least one fuel burner for firing the superheater
furnace, g first superheater in the superheater fur-
nace, conducting means for conducting vanor
from the vapor generating portion of said section

75 to the first superheater, a second superhesater in
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the superheater furnace, other conducting means
for conducting vapor from the first superheater

to the desuperheating portion of said section and
from said portion to the second superheater, fur-

ther conducting means for conducting vapor di-
rectly from the first to the second superheater,
-means responsive to the temperature of the vapor
flowing from the second superheater for con-
trolling the quantity of vapor flowing from the
- first superheater to the desuperhsaiting portion
of sald section, means for controlling the quantity
of fluid delivered to the generating porticon of
Said section in response to the pressure ¢of the
superheated vapor flowing from the second super-
heater, means for controlling the intensity of fir-
ing of the at least ¢cne burner in said furnace in
response te the pressure of the superheated vapor
flowing from the second superheaier, and means
for controlling the intensity of firing of the at
least one burner for the superheater furnace in
response to the temperature of the superheaued
vapor flowing from the second superheater.

11. Varor rfenemtmg apparatus comprising a

a Turngace in the satting: at least one

- setting,

fue] ’L:m‘fler for firing the furnace, a combined:
vapor generating and vapor dESHDEIhe&tiHU'SEG-’-_

tion m the setting dispesed in the path of flow
of the gases produced in the furnace, means for
supplying fluid to the generating portion of said
section, a radiant heating section in said furnace

10

| delwered fuel and air to the superheat¢ burner

10

15

‘and means for controliing the quantity of fuel

and air delivered to said burnher in response to
the temperature of the vapor flowing from the
semnd superheater so that upon an increase in

temperature less fuel and air will be delivered to

| sald burner and upon a decrease in said tempera-

ture more Tuel will be delivered to said burner.

- 12. The method of generating and superheating.
vapor which comprises delivering fluid to a vapor.
generating zone, producmg a stream of products

of combustion for fiow in heat exchange relation-

ship with said zone, flowing the vapor from said .
zone through a first superheating zone. wherein

‘the vapor is superheated to a point. below its: final -
 desired temuperature, flowing vapor from the first

super heating zone through a second suIJerhﬂatmg

-~ zone wherein the vapor is heated to the. final

20

desired temperature, upon-an increase in final
temperature of the vapor, causing vapor from the
first superheating zone to flow through a desuper-

“heating zone disposed in heat exchange relatlon—

ship with the fluid flowing through said vapor

20

30

connected with the generating portion of the first .

~menticned section, a superheater furnace in the

section separated from said furnace, at least one

fuel burner- for firing the superheater furnace,

‘o Arst superheating section in the superheater

furnacs connected with the radiant heating sec-

ticn in said furnace, a second superheater in.
sucerheater furnace, a first connection be-
tween the first superheater and the desuperheat-

the

ing porticn of said first mentioned section, a seec-
ond connection from the first to the second super-

heater, a third connection from the outlet of the

destuperheating portion of said first mentioned

‘szctlion to the sscond superheater, a first valve
45
. hieating zoné in 1e3p0nse to the temperature of
the vapor flowing from the second. superheating
- ZOne, conti olling the qu&ntlty of fiuid delivered to
sald vapor generatmg zone in response to the

in said first connection, g second' valve in said

second conneaction, means for opersting said valves

‘substantially simultaneously in response to-the

temperature of the vapor flowing from the sec-

ongd superheater sectlon so. that upon a rise in
-uemﬂemtun of the vapor flowing from the sec-

eyels:

and the valve in the second connection will be
moved toward closed position and upon a fall

in temperature of said vapor, the valve in_ the

first connection will be moved toward closed posi-

tion and the valve in the second connection will

be moved toward open position, means for contro-
ling the fiow of fluid to the generating portion of
said first mentioned section in response to the
pressure of the vapor flowing from the second
superheater so that an increase in said pressure
will cause more fluid te flow to said combined
vapor generating and vapor desuperheating sec-
tion and a decrease in pressure will cause less
filuid to flow to said combined Section, means for
delivering fuel and air to the at least one
burner for said furnace, means for
- ling the quantity of fuel and alr delivered

to said burner in response to the pressure of
~ the vapor flowing from the second superheater
- so that an increase in pressure will result in less
fuel and air being delivered to said burner and
a decrease In pressure will result in more fuel
and air being delivered to sald burner, means for

control-

3D

1 ]
-

generating zone prior to flowing to the second
superheating zone, and controlling the quantity
of fluid delivered to said vapor generating zone
in response to the pressure of the superheated
vaper flowing from the second superheating zone.

13. The method of generating and superheating
vapor which comprises delivering fluid to a vapor
génerating zone, producing a stream of products

“of combustion for flow in heat exchange relation-
ship with sald zone, flowing the vapor from said -
-zone through a first superheating zone wherein

the vapor is 5uperheated to a point below its final
“desired temperature, flowing vapor from the first
superheating zone - through a second superheat-
‘ing zone wn o
desired temperature, flowing vapor from the first

erein the vapor is heated to the final |

superheating zone through a desupm heating zone

disposed in heat ex chﬁmge relatlonshlp with the
fiuid fowing through said vapor generating zone -

- prior to flowing to the second superheating zone,

50
superheater section, the valve in.said first
- econnection will be moved toward open- position |

&b -
vapor which comprises delivering fluid to a vapor

- generating zone, producmg separ ate streams of

60

65

'controlhng the ‘quantify of vapor flowing to the

supe.r_heatmg zone and to the second super-"

pressure of the vapor ﬂowmg from the .second

superheating zone,; and controlling the volume of |
- said stream of produc is of combustion in response .
- "to-the pressure of the vapor ﬂowmg from the

second superheating zone. - |
"14, The method of generating and superheatmg- |

products of combustion for flow in heat exchange

'relatlon_shlp with said zone, flowing -the vapor
and liquid from said zone through a heating zone -
in radiant heat exchange relationship with one of
the streams of products of combustion, flowing

vapor from said heating zone through a first
superheating zone in radiant heat exchange rela-

tionship with another stream of products of com-

bustion wherein the vapor is superheated fto a
point below its final desired temperature, flowing

~ vapor from the first superheating zone through

70

a second superheating zone disposed in radiant
heat exchange relationship with said other stream
of products of combustion wherein the vapor is
heated to the final desired temperature, flowing
vapor from the first superheating zone through a
~desuperheating zone disposed in heat exchange

5 relatlonshlp Wl‘th the ﬂmd ﬁcwmg through sald
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setting, a furnace in the setting, at least one fuel
burner for firing the furnace, a combined vapor
generating and vapor desuperheating section in
the setting disposed in heat exchange relationship
with the gases produced in the furnace, means
for supplying fluid to the vapor generating por-
tion of said section, a superheater furnace in the
setting, at least one fuel burner for firing the
superheater furnace, a first superheater in the
superheater furnace, conducting means for con-
ducting vapor from the vapor generating portion
of sald section to the first superheater, a second
superheater in the superheater furnace, other
conducting means for conducting vapor from the
first superheater to the desuperheating portion
of said section and from said portion to the sec-
ond superheater, further conducting means for
conducting vapor directly from the first to the
- second superhegter, means responsive to the fem-
perature of the vapor flowing from the second
superheater for controlling the quantity of vapor
flowing from the first superheater to the desuper-
heating portion of said section, means for con-
trolling the supply of fiuid to the vapor generating
section in response to the pressure of the super-
heated vapor flowing irom the second superheat-
er, and means for controlling the means for firing
said furnace and said superheater furnace in
response to the pressure of the superheated vapor
Howing from the second superheater.
18. Vapor generating apparatus comprising a
setting, a furnace in the setting, at least one fuel
burner for firing the furnace, a combined vapor
generating and vapor desuperheating section in
the setting disposed in heat exchange relationship
with the gases produced in the furnace, means
for supplying fiuid to the generating portion of
sald section, a superheater furnace in the setting,
at least one fuel burner for firing the superheater
furnace, a superheater in the first-mentioned fur-
nace, said superheater being in communication
with the vapor generating portion of said section
so that vapor passes from the vapor generating
portion of said section to the superheater, a first
superheater in the superheater furnace, the su-
perheater and first superheater being in com-
munication with one another so that vapor passes
from the superheater to said first superheater, a
second superheater in the superheater furnace,
other conducting means for conducting vapor
from the first superheater to the desuperheating
portion of said section and from said portion to

Y |
vapor generating zone prior to flowing to said
~heating zone, confrolling the quantity of vapor
- flowing to the desuperheating zone and to the
- second superheating zone in response to the tem-
perature of the vapor flowing from the second . ;
superheating zone in such manner that a rise in
said temperature will cause an increase In the
fiow of vapor through the desuperheating zone
and a decreass in temperature will cause a reduc-
tion in the filcw of vapor through the desuper--
- heating zone, confrolling the quantity of fluid
_delivered to the vapor generating zone In response
“to the pressure of the vapor fiowing from the
- second superheating zone, confrolling the volume
 of said one stream of products of combustion In - ;3
- resnonse to tiie pressure of the vapor flowing from
- the second superheating zone, and controlling the
- volume of said other stream of products of com-
- bustlon in response- te the temperature of the
. vapor flowing from the second superheating zone.
15, Vapor generating apparatus comprising a
setting, a furnace in the setting, at least one fuel
burner for firing the furnace, a combined vapor
generating and vapor desuperheating section in
the setting disposed in the path of flow of the
gases produced in the furnace, means for supply-
ing fluid to the generating portvion of said section,
‘a first radiant superheater in the furnace, a first
connection between said superheater and the de-
superheating portion of said section, a first valve 3
in said connection, a second superheater having a
radiant superheating section and & convection
superheating section disposed in said furnace, a
“second connection between said first and second
- superheaters, a third connection between the out-
let of the desuperheating portion of said section
~and the second sunerheater, a second valve in said
‘second connection, means for operating said
vaives in response to the temperature of the
superheated vapor fiowing from said second
-superheater, said valve operating means being
~arranged to move the first vaive toward open posi-
tion and the second valve toward closed position
.upon an increase in temperature and to move the
first valve toward closed position and the second;; -
“yalve toward open position upcn g decrease in
temperature, and means for controlling the supply
of fiuid to the vapor generating section in re-
sponse to the pressure of the superheated vapor
--ﬂowmg from the second superheater.
16. Vapor geﬂeletlncr apparatus eompllsmcr a
. settlng, g furnace in: the setting, means for fir-

10
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- 80

ing the furnace, a combined vapor generating and
vapor desuperheating section in the setting dis-
‘posed in heat exchange relationship with the
-gases produced in the furnace, said vapor gen-

erating section comprising a first tubular mem-

ber and said desuperheating section comprising
another tubular member within a portion of the
first tubular member and providing a space bhe-
“tween the tubular members, means for supplyving
fluid to the space between the tubular members,
‘a superheater in the furnace having a superheat-
ed vapor outlet, means connecting the superheat-
er and said other tubular member at a point in
the superheater prior to said outlet, means con-
trolled by the final temperature of the super-
‘heated vapor from the superheater for controlling
the flow of vapor from the superheater to said
.other tubular member and to said outlei, and
means for controliing the supply of fluid to the
vapor generating secuion in response to the pres-
sure of the superheated vapor flowing from the
superheater.

55

G{)

65
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‘the setting, a

the second superheater, further conducting
means for conducting vapor directly from the first
to the second superheater, means responsive to
the temperature of the vapor flowing from the
second superheater .for controlling the quantity
of vapor fiowing from the first superheater to the
desuperheating portion of said section, and means
for controlling the quantity of fluid delivered to
the generating portion of said section in re-
sponse to the pressure of the superheated vapor
flowing from the second superheater.

19. Vapor generating apparatus comprising 3
setting, a furnace in the setting, means for firing
the furnace, a combined vapor generating and
vapor desuperheating section in the setting dis-

- posed In heat exXchange relationship with the

gases produced In the furnace, mezns for sun-
plying fluid to said section, a first superheater in
second superheater in the setting,
a first connection between the first superheater
and sald desuperheating section, a second con-
nection from the first to the second superheater,

17. Vapor generating appalatus comprising a 713 a thlrd connection from the outlet of the de-
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superheating portion of said first mentioned sec-

tion to the second superheater, a first valve In
said first connection, a second valve in sald sec-
ond connection, means for operating said valves
substantially simultaneously in response to the
temperature of the vapor flowing from the second
superheater so that upon a rise in temperature
~of the vapor flowing from the second superheater,
the valve in said first connection will be moved
toward onen position and the valve in the second
connection will be moved toward closed position
and upon a fall in temperature of said vapor, the
valve in the first connection will be moved toward
closed position and the valve in the second con-
nection will be moved toward open position,
means for controlling the flow of fluid to the gen-
erating section in response to the pressure of the
vapor flowing from the second superheater S0
that an increase in said pressure will cause more
fluid to flow to said vapor generating section and
a decrease in pressure will cause less fluid to flow
to said vapor generating section, means for de-
livering fuel and air to said firing means, and
‘means for controlling the quantity of fuel and air
deliveresd to said firing means in response to the
pressure of the vapor flowing from the second
superheater so that an increase in pressure will
result in less fuel and air being delivered to said
firing means and a decrease in pressure will re-
sult in more fuel and air being delivered to saud
firing means. | | | -

20. The method of generatmg a,nd sunerheat- |

ing vapor which cnmpmses dehvermﬂ' fiuid to a
vapor generating zone, producing a stream of

products of combustion for flow in heat exchange 3

relationship with said zone, flowing the vapor
from said zone through a first superheating zone

vt |

10

20

25

30

tionship with the vapor

14

‘superheater for controlling the quantity of V&por

flowing frora the first superheater to the desuper-
heating portion of said section, and means for
controlling the supprly of fiuid to the vapor gen-
erating section in response to the pressure of the
superheated vapor flowing from the second super- -
heater.

22. In a forced circulation vapor generator
comprising a sgetting having g furnace chamber
therein, means for firing the furnace, g fluid flow
path in the setting having an economizer section,
an evaporating section and a superheating sec-
tion, means for supplyving  fiuid under pressure
to the economizer for said flow path, a desuper-
heater within the fluid flow path in said evapo-
rating section and in indirect heat exchange rela-
and liguid flowin
through sald evaporatmg section, and means. for
supplying a portion c¢f the superheated vapor
from the superheater to the desuperheater. -

23. In g forced circulation vapor generator
comprising a setting having a furnace chamber
therein, means for firing the furnacs, a fluid flow

“path in the setting having an economizer section,
~an evaporating section and a superheating sec-

tion, said sections being so arranged in the cham-

er that gzaszes of combustion flow in heat ex-
change relationshin consecutively with the super-
heating, the evaporating and the economizer sec-
tions, means for supplying fiuid for the flow path
to said economizer section under pressure, a de-

- superheater positioned in said evaporating sec-

'
ot |

wherein the vapor is superheated to a point be- -

low its final desired temperature, flowing vapor
from the first superheating zone through a sec-
ond superheating zone wherein the vapor is heat-
ed to the final desired temperature, flowing vapor
from the first superheating zone through a de-
superheating zone dispesed in heat exchange re-
lationship with the fluid flowing through said
vapor generating zone prior to flowing to the sec-
ond suverheating zone, controlling the quantity
of vapor flowing to the desuperheating zone and
- to the second superheating zone in response to
‘the temperature of the vapor flowing from the
second superheating zone, and controlling the
cuantity of fluid delivered to said vapor generat-
ing zone in response to the pressure of the vapor
- flowing from the second superheating zone.

21, Vapor generating apparatus comprising a
setting, a furnace in the setting, at least one fuel
burner for firing the furnace, a combined vapor

senerating and vapor desuperheating section in

the setting disposed in heat exchange relationship

with the gases produced in the furnace, means for :;
‘supplying fiuid to the vapor generating portion

of said section, a superheater furnace in the set-
ting, at least one fuel burner for firing the super-
heater furnace, a first superheater in the super-
heater furnace, conducting means for conducting
vapor from the vapor generating portion of said
section to the first superheater, a second super-
heater in the superheater furnace, other con-
ducting means for conducting vapor from the
first superheater to the desuperheating portion
of said sectiocnn and from said portion to the sec-
ond suverheater, further conducting means for
conducting vapor directly from - the first to- the
second subarheater, means responsive to the tem-
perature of the vapor flowing from the second

40
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tion, means for supplying
10 the economizer for said flow path, a desuper-

tion in the path of flow of vapor and liguid pass-

ing therethrough and in indirect heat exXchange
relationship with said vapor and liquid, and
means for supplying a portion of the superheated
vapor from the superheater to the desuperheater.

24. In a forced circulation vapor generator -

comprising a setting having a furnace chamber

therein, means for firing the furnace, a fluid flow

path in the setting having an economizer section,
an evaporating section and a superheating sec-
fluild under pressure

heater within the fluid flow path in said evapo-
rating: section and in indirect heat exchange
relationship with the vapor and liquid flowing
through said evaporating section, means for sup-
plying a portion of the superheated vapor from
the superheater to the desuperheater, and means
for controlling the supply of fluid under pressure
to said flow path in response to the temperature
of superheated vapor flowing from the super-
heater section. .

25. In a forced circulation vapor generator
comprising a setting having a furnace chamber
therein, means for firing the furnace, a fluid flow
path in the setting having an economizer section,
an evaporating secticn, a superheating section
and a second superheating section, means for
supplying fluid under pressure to the economaizer
for saig flow path, a desuperheater within the
fluid flow in said evaporating section and in indi-
rect heat exchange relationship with the vapor
and liquid flowing through said evaporating sec-
tion, means connecting the first-mentioned su-
perheater section and the second superheating
section and the desuperheater, and means con-

trolled by a condition of the superheated vapor

flowing from the second superheating section for
controlling the flow of vapor from the first super-
heating section to said second superheating sec-
tion and to the desuperheater.

26. In a forced circulation vapor generator' |
comprising a setting having a furnace chamber
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therein, means for firing the furnace, a fluid flow
path in the setling having an economizer section,
an evaporating section, a superheating section
and a second superheating section, means for
supplying fluid under pressure to the economizer
for said flow path, a desuperheater within the
fluid flow path in said evaporating section and
in indirect heat exchange relationship with the
vapor and liquid flowing through said evaporat-
Ing section, means connecting the first-men-
tioned superheater section and the second super-
heating section and the desuperheater, and
means controlled by the temperature of the
superheated vapor flowing from the second super-
heating section for controlling the fiow of vapor
from the first superheating section to said sec-
ond superheating section and to the desuper-
heater.

27. In a forced circulation wvapor generator
comprising a setting having a furnace chamber
therein, means for firing the furnace, a tubular
fluid flow path in the setting having an econ-
omizer section, an evaporating section and a
superheating section, means for supplying fluid
tinder pressure to the economizer for said flow
path, a tubular desuperheater having a portion
at least disposed within the tubular flow path
in the evaporafing section thereof and provid-
ing a space between said tubular desuperheater
and the tubular flow path to permit the passage
of vapor and liquid through the evaporating sec-
tion and in indirect heat exchange relationships
with the desuperheater, and means for supply-
ing a portion of the superheated vapor from the
superheater to the desuperheater.

28. In a forced circulation vapor generator
comprising a setting having a furnace chamber
therein, means for firing the furnace, a fluid flow
path In the setting having an economizer section
and an evaporating section, means for supply-
ing fluid under pressure to the economizer for
said flow path, a desuperheater within the fluid
flow path in said evaporating section and in in-
direct heat exchange relationship with the vapor
and liquid flowing through said evaporating sec-

tion, a superheater furnace in the setting, at least

one fuel burner for firing the superheater fur-

10)
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nace, a first superheater in the superheater fur-
nace, conducting means for conducting vapor
from the evaporating secton of said flow path to
the first superheater, a second superheater in the
superheater furnace, other conducting means for
conducting vapor from the first superneater to
the desuperheater and from said desuperheater
to the second superheater, further conducting
means for conducting vapor dirvectly from tiie
first to the second superheater, and means re-
sponsive to.the temperature of the vapor fow-
ing from the second supelheatm for controlling
the quantity of vapor flowing {froim the first
superheater to the desuperheater.

28. The method of generating and superheat-
ing vapor which comprises delivering fluid under
pressure to a liquid heating zone, passing heated
liquid from the heating zone to an evaporating
zone, flowing vapor from the evaporating zone
irst superheating zone vsherein the vapor
1s superheated to a point helow its final desired
temperature, fiowing vapor irom the first super-
heating zone through a second superneating zone

-wherein the vapor is heated to the final desired

temperature, producing a stream of products of
combustion for flow in heat exchange relation-

ship with the vapor heating, the evaporating and

the first and second superheating zones, and upon
an increase in the final temperature of the vapor,
causing vapor from the first superheating zone
to fiow through a desuperheating zone within
the evaporatfing zone and in indirect heat ex-
change relationship with the path of flow of vapor
passing therethrough prior to flowine to the sec-
ond superheating zone.
MARTIN FRISCH.
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