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20 Claims. (Cl 122—299) i .
relates in general to the " The steam boiler illustrated in the drawing

const’ruction and operation of water tube steam  comprises a combustion chamber 48 formed by
‘boilefs incorporating auxiliary fluid heating sur- fluid cooled walls §1 and above which is arranged
face in a space above a main bank of steam gen- a vertical heating gas pass §2. A bank of steam
5 . erating tubes and below the gas outlet from the generating tubes i3 extends across the lower- g

boiler..

most portion of the gas pass (2. The tubes 13

More speciﬁcaliy i;he present. invention relates are connected to a horizontal steam and water

to the construction and

operation of high pres- drum (4 arranged transversely of the boiler at

sure steam boilers incorporating a convection an-elevation censiderably above the uppermost
heated steam 'superheater and a reheater for = point of steam generation in the tube bank by 39
_superheating steam between stages of an asso- vertically arranged downtake circulators 16 and
ciated multi-stage prime mover, such as a.steam uptake circulators {8 connected respectively to
turbine. In steam boilers of the character de- the downtake headers {6 and uptake headers 7.
seribed, the teinperature to which the steam is The tubes §3 form a natural circulation steam
‘reheated will ordinarily vary directly with the - generaiing bank - through which a rapid circu- 5
rating at which the boiler is operated, due to the Iation of the fiuid is effected under the high
varying amount. of heating gases to which the head due to the location of the drum {4. The

reheater is subjected. -

The temperature of the vertical portions of the circulators i5-and 18

steam entering the reheater will also vary due define opposite sides of the heating gas pass [2.
to variations in the pressure drop through the The gas pass is provided at its upper rear side
first stage of the turbine. Efficient turbine op-- with a2 gas ouflet 19. ,

eration - demands substantially constant steam . In the upper poriion of the gas pass 12, but’
temperature conditions at the stage of return of below the gas. outlet {9, is arranged an econo-
the reheated steam. It is therefore highly de- mizer 20, consisting of superposed banks of return
sirable that the final reheat temperature of the bend tubes supported by the uptake and down-

steam be kept -substanti
ing boiler loads.

The general object of
vision of a steam boiler

ally constant with vary- take circulators and detachably connected by
' ) . : return bends located externally of the gas pass
our invention is theé pro- for a series flow of fiuid therebetween. The sup-
of the general character porting provisions for the economizer consist of

described with an improved construction and ar- jugs 2{ carried by the circulators and slidably g4
rangement of the auxiliary fluid heating surface engaging lugs 22 mounted on return bend por-

therein,

. : tions of the economizer tubes. Feed water is,i

A more specific object of our invention is the delivered to the economizer inlet header 23, and
improved construction of a high pressure water fiows downwardly through the economizer sec-
tube steam boiler of the high drum type incor- tions o the economizer outlet header 24 which

porating both a steam
reheater and provisions
reheat temperature.

superheater and steam is connected to the steam and water drum {4 by
for controlling the final tubes 25. In the space between the tube bank
' ) 13 and the lowermost economizer section is ar-

The various features of novelty which charac- ranged a superheater 26 consisting of a plurality
terize our invention are pointed out with particu- of rows of return bend tubes extending horizon-
“larity in the claims annexed to and forming a - {ally across the gas pass 2 and supported from

part of this specificatio:

n. For a better under- - the uptake and downtake circulators in a man-

standing of the invention, its operating advan- ner similar to the economizer sections. The su-
tages and specific objects attained by its use, ref- perheater receives a supply of steam from the

erence should be had to

the accompanying draw- grum (4 through tubes 21 connected to the su-

ing and descriptive matter in which we h?,ve illus- perheater inlet header 28. : The superheated
trated and described a preferred embodiment of  gteam passes out through the superheater outlet

our invention.
Of the drawing:

Fig. 1 is a somewhat diagrammatic sectional -
elevation of a superheater boiler incorporating

‘our invention;
Fig. 2 is a section on
and

header 29 to an associated steam turbine.
: The portion of the heating gas pass 12 above
the superheater is divided into side-by-side chan- 50 .
nels 128 and (2P by a vertical bafile 30 extending
ine 2—32 of Fig. 1; upwardly to a level above the bottom of the gas
the line 2 . © £ outlet 19 and then horizontally into-the ouflet

Fig. 3 is a sectional elevation of a tube sup- Passage dividing the latter into horizontal chan-

porting conhection.

nels i%® and 19>, Dampers 318 and 31IY are ar-
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2

ranged in the rear portions of the channels (92

~and {90 respectively, and can be manipulated’

to control the relative amounts of heating gases
flowing through the main gas pass channels i22
and {2b. The described location for the con-
trol dampers does not require the use of special
designs or materials which would otherwise be
necessary in case the control dampers were lo-
cated in a higher temperature zone.

The bafile 30 is advantageously. supported at
its lower end by a row of U-shaped steam gener-
ating tubes 32 having their lower legs extending
across the lower end of the channel 2P and up-
wardly along the uptake side of the bafile 30,
which is secured thereto in any suitable man-
ner.’ The upper legs of the tubes 32 also extend
across the channel 120 below the lowermost
economizer section and pass between the circu-
lators 15 into a header 33. The tubes 32 are
preferably connected into the circulating system

-of the boiler by downcomers 34 connected to a

header 35 at the lower end of the tubes 32 and
uptake circulators 36 connecting the header 33
to the steam space of the drum 14. The load on
the tubes 32 is carried by rods 37 embedded in
the baffle 30 and extending downwardly from a
top support 38 between the economizer tubes and
connected to the upper bend of the tubes 32 in
any suitable manner, as by welding. The use
of supporting rods for this purpose does not affect
the economizer tube spacing, nor will their ex-
posed portions be subjected to unduly high gas
temperatures.

In the portion of the channel {22 between the
superheater and lowermost economizer section
is arranged a steam reheater 40 consisting of a
double row of nested return bend tubes extending
across the channel 128 and having their ends
connected to externally supported inlet and out-
let headers 41 and 42 respectively. The re-
heater tubes, like the economizer and superheater
tubes are formed in a unitary truss-like structure
by plates 43 welded to vertically adjacent legs
thereof. The inner end .of the reheater is sup-
ported from the rods 37 by lugs 44 on the inner
looped portions of the reheater tubes engaging
Iugs 45 on the vertical portions of the tubes 32
in a manner similar to the arrangement of the
lugs 21 and 22 previously described.

With the boiler constructed as described, feed
water is supplied under pressure to the econo-
mizer 20 and delivered to the drum I4, from

-which it is ecirculated through the-steam gen-

erating elements 13 and 32 of the boiler. The
steam generated passes from the drum (4 to the
superheater, where the steam is superheated be-
fore being delivered to the point of use, such as
a multi-stage steam turbine. Modern powér
plant practice prescribes reheating of the steam
between certain turbine stages, and this is done
in the present construction by passing the steam
from a high pressure stage to the reheater inlet
header 4i.

In constructions where the bo11er reheater is
subjected to the flow of all of the heating gases
at different boiler ratings, the reheating effect
will vary directly with the amount of heating
gases to which it is subjected. Even with a con-
stant reheating effect, the final temperature to
which the steam is reheated will ‘vary with
changes in the pressure of the steam at the point
of return to the reheater. In the present con-

struction, a substantially constant final reheat

temperature is obtained by regulating the amount
of heating gases to which the reheater is sub-
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jected by varying the relative positions of the
dampers 3i® and 3i¢ to thereby regulate the
proportions of the heating gases passed through
the channels 122 and (2P respectively. The re-
heater surface is preferably proportioned to at-
tain the desired amount of reheat at the full
output rating of the boiler with both control
dampers wide open. At lower ratings of the
boiler the damper 31® will be moved towards its
closed position to increase the proportion of heat-
ing gases passing through the gas channel {28 as
required to maintain the desired final reheat
temperature. If the final reheat temperature
should tend to exceed the desired value, the de-
gree of opening of the damper 32 is decreased
and that of the damper 3% increased to pro-
vide the greater proportion of the flow through
the channel {2b, - A substantially constant final
reheat temperature can thus be maintained by
proper positioning of the dampers 3{2 and 3i>.

The described construction is particularly ad-
vantageous in that the control of the final reheat
temperature has litile or no effect on the heat
transfer in the economizer and super-heater, as
any change in the proportions of the heating gas
passing through the channels 128 and’ (2b will
merely vary the mass flow of the heating gases
passing over the portions of the economizer and
superheater surface located in said channels, but
will not change the total amount of heatmg gases
supplied to those parts.

i

3

While in accordance with the provisions of the .

statutes we have illustrated and described here-
in the best forms of our invention now known to
us, those skilled in the art will understand that
changes may be made in the form of the appara-
tus disclosed without departing from the spirit
of the invention covered by our claims, and that
certain features of our invention may sometimes
be used to advantage without a corresponding use
of other features. .

We claim:

1. A water tube boiler comprising a combustion
chamber, a bank of steam generating tubes re-
ceiving heating gases from said combustion cham-
ber, a steam and water drum positioned above
said tube bank, circulators connecting opposite
ends of said tube bank to said drum and defining
a vertical heating gas pass above said tube bank,
a waste gas outlet, a baffle extending transversely
of said tube bank and dividing said gas pass into
a plurality of vertical channels connected to said
gas outlet, a bank of auxiliary fluid heating tubes
extending through said baffle and across said
channels, a second bank of auxiliary fluid heating
tubes located in only one of said channels, and
means for varying the relative amounts of heat-
ing gases flowing through said channels.

2. A water tube boiler comprising a combustion
chamber, a bank of steam generating tubes re-
ceiving heating gases from said combustion cham-

-ber, a steam and water drum positioned a sub-

stantial distance above said tube bank, circu-
lators connecting opposite ends of said tube bank
to said drum and defining a vertical heating gas

. pass above said tube bank, a waste gas outlet ad-

jacent said drum, a vertical bafile dividing said
gas pass into a plurahty of channels from beyonad
said tube bank to said gas outlet, 4 fluid cooled
support for, said baffle, a group of steam heating
tubes located in one of said-channels, means for
partly supporting said steam heating tubes from
said fluid cooled support, and dampers at the up-

3i

41

5(

6(

per ends of said channels for varying the relative .74
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] amoﬁnts of heating gases flowing through said

10

15

channels.,

3. A water tube boiler comprising a combustmn‘
chamber; a bank of steam generating tubes re--
ceiving heating gases from sgid combustion cham-
ber, a steern and water drum positioned a sub-
stantial distance above said tube bank, circu-
lators connecting opposite ends of said fube bank
to said drum and defining a vertical heating gas-
pass above said tube bank, a waste gas outlet
adjacent said drum, a superheater extending
across said gas ‘pass above said tube bank, a ver-
tical bafle dividing said gas pass into a plurality
of channels from beyond said super-heater to'said
gas outlet, a row of steam generating tubes ex-
tending along said baffie. and providing a fluid

-cooled support therefor, a steam reheater located -

in one of said channels, and means for varying
the relative amounts of heating gases flowing
through said channels.

4, A wajer tube boiler comprising a combus- -
tion chamber, a bank of steam generating tubes
receiving heating gases from said combustion
chamber, a steam and water drum positioned a-
substantial distance above said tube bank, circu-

. lators connecting opposite ends of said tube-bank

to said drum and defining a vertical heating gas
pass above said tube bank, a waste gas outlet

_adjacent said drum, a superheater ‘extending

80
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across said gas pass above said tube bank, a ver-
tical bafle dividing said gas pass into a plurality
of channels from beyond said super-heater "o
said gas-outlet, a row of steam generating tubes

" extending along said bafile and providing & fluid

cooled support therefor, a steam reheater located .
in one of said channels and including a row of
return -bend tubes, means for supporting return-
bend portions of said return bend tubes from said

row of steam generating tubes, and means for
varying the relative amounts of heatmg gases

) ﬂowing through said channels.
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. A steam genera.tor comprising a. -setting, a
Bm.nk of inclined steam generating tubes within

‘said setting, a steam and water drum extending

transversely of gnd above said tube bank, ecircu-~
lators connecting the opposite ends of said tube
bank to said drum, a heating gas outlet at one side

" of said setting above one end of said tube bank, 2

row of tubes extending’ inwardly at.the downtake

end of said tube bank and upwardly intermediate
the length of and above said tube bank and hav-"
ing their upper ends'connected to said drum, sus-
pension means external to said drum for suppori-
ing said row of ‘tubes, a vertically extending baf-
fle supported on the vertlcally extending portion
of said row of tubes and having a lateral exten-

" sion to said heating'gas outlet and arranged to

as

%0

- bank to said drum, a row of tubes extending up—

separate a pair of parallel flow gas passes extend-
ing above said tube bank and laterally to said
heating gas outlet, & bank of fluid heating tubes
extending across one of sald gas passes, & second\
bank of fiuid heating tubes in the other gas pass,
and damper means in said heating gas outlet for
varying the relative amounts of heating gases
flowing through said gas passes. :

8. A steam generator comprising. a setting, a
bank of inclined steam generating tubes within
said setting, 2 steam and Water drum exiending
transversely of and above said tube.bank, cir-
culators connecting the opposite ends of said tube

wardly intermediate the length of and abave said

-tube bank, suspension means external to said
drum for supporting said row of tubes, a vertlcal- -

ly extendmg bafile supported on the vertxcally ex~

3

tending. portion of said row of tubes with its low-
er end terminating above said tube bank and ar-

ranged to separate a pair of parallel flow gas -

passes extending above sald tube bank, a bank
of steam heating tubes extendmg across one of
said gas passes, a bank. of economizer tubes in.

ing the relative amounts of heatmg gases flowing
through said gas passes.
7. A steam generator comprising a setting, a

- bank -of inclined steam generating tubes w1thm

said setting, a steam and water drum above said
tube bank, circulators connecting the opposite
ends of said tube bank to said drum, a row of
tubes extending upwardly intermediate the length

"of and above said tube bank, suspension means

external to said drum-for- supporting said row
of tubes, a vertically extending baffle supported
on the vertically extending portions of said row
of tubes and arranged to separate a pair of par-
allel flow gas passes above said-tube bank, a bank
of fluid heating tubes extending acro§s only one
of said gas passes, damper means for varying the
relative amounts of heating gases flowing through
said gas passes, and means for supporting one end

5

, the other gas pass, and damper means for vary- - -

10

15

of said, fiuid heating tube bank from said row of

tubes and suspension means.
‘8. A steam generator comprmmg a settmg,
bank of inclined steam generating tubes within

_ said setting, a steam and water drum above said

tube bank, circulators connecting “the opposite
énds of said tube bank to said drum, a row of

tubes extending inwardly at the downtake end of

said tube bank and upwardly intermediate the
length of and above said tube bank and having
their upper ends connected to said drum, suspen-

_sion/means external to said ‘drum for supporting

said row of tubes, a vertically extending bafile
supported on the ‘vertically extending portions of
said row of tubes arid arranged to separate a pair
of parallel flow gas passes above said tube bank,

" @ bank of fluid heating tubes extending across

one of said gas passes, damper means for control-
ling the proportion of the heating.gases flowing
through §he other gas pass, and means for sup-
porting ‘one end of said fluid heating tube bank
from said row of tubes and suspension means.
8. A steam generator comprlsmg g setting, a

bank of steam generatmg ‘tubes within said set-
ting, a. steam and water drum above said tube

30
35
40 . ‘

45

50 -
~ bank, circulators connecting the opposite ends- of .
said tube bank to said drum, a row of tubes ex--
‘tending upwardly intermediate the length of and
‘above said tube bank, suspension means for sup- .
porting said row of tubes, a vertically extending &

=13
N

bafie supported on the vertically extending por-

tions of said row of tubes and arranged to sepa-
rate a pair of parallel flow gas passes above said
tube bank, a bank of fluid he@tmg tubes extend-
ing across one of said gas passes, means for sup-

ortmg one end of said fluid heating tube bank
from said row of tubes and suspension means, &
second bank of fluid heating tubes in the other
gas pass, and damper means for varying the rel-
ative amounts of heating gases flowing through
said gas passes.

16. A steam generator comprising a settlng,

bank of inclined steam generating tubes within”

. said setting, a steam and water drum extending
- transversely of said tube bank and directly above
* the downtake end thereof, circulators connecting .

the opposite ends of said tube bank to said drum,
a row of tubes extending inwardly at the down-
take end of said tube bank and upwardly inter-
mediate the length of and above said tube bank

[y
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" and havmg their upper ends connected to said
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drum, suspension means external to said drum
for .supporting said row of: tubes, & vertically ex-
tending baffle supported on the vertically extend-
ing portions of said row of tubes and arranged
to separate a pair of parallel flow gas passes above
said tube bank, a bank of steam heating tubes
extending across one of said gas passes, means
for supporting one end of said steam heating tube
bank from said row of tubes and suspension
means, a bank of eéconomizer tubes in the other
gas pass, and damper means in the upper ends
of said gas passes for varying the relative
amounts of heating gases flowing through said
gas passes.

11. A steam generator comprising a setting,
bank of inclined steam generating tubes within
said setting, a steam and water drum extending
transversely of and, above said tube bank, circu-
lators connecting the opposite ends of said tube

bank to said drum, a heating gas outlet at one .

side of said setting above one end of said tube
bank, a row of tubes extending upwardly inter-
mediate the length of and abkove said tube bank,
suspension means external to said drum for sup-
porting said row of tubes, a vertically extending
bafile supported on the vertically extending por-
tions of said row of tubes and arranged to sepa-
rate a pair of parallel flow gas passes extending

above said tube bank and laterally to said heat-.

ing gas outlet, a bank of steam heating tubes
extending across one of said gas passes, means
for supporting one end of said steam heating tube
bank from said row of tubes and suspension
means, a bank of economizer tubes in the other
gas pass, and damper means in said heating gas
outlet for varying the relative amounts of hea.tmg
gases flowing through said gas passes.

12. A steam. generator comprising a setting, a

group of steam generating tubes arranged across -

said setting, a steam and water drum extending
transversely of and above said steam generating
tubes, rows of circulator tubes arranged at op-
posite sides of said setting and connecting the
opposite ends of said steam generating tube
group to said drum, a heating gas outlet in the
upper part of said setting, means forming a
vertical baffle extending transversely of said steam

generating tube group and dividing the space be-

tween said rows of circulator tubes into a pair of
parallel gas passes having an upflow of heating
‘gases therein to said gas outlet, a group of steam
heating tubes positioned in only one of said gas
passes, agroup of economizer tubes positioned
in the other gas pass, and damper means for vary-
ing the relative amounts of heating gases flowing
through said gas passes.

13.-A stéam geneérator compmsmg a setting, a
group of steam generating tubes arranged across
said setting, a steam and water drum arranged
above said steam generating tubes, rows of cir-
culator tubes vertically disposed along opposite
sides of said setting and connecting the opposite
ends of said steam generating tube group to said
drum, means including a row of fluld heating
tubes having portions extending vertically within
said setting and arranged to form a bafile ex-
tending fransversely of said steam generating
tube group and separating a pair of parallel gas
passes of different cross-sectional flow areas with-
in the space between said rows of circulator tubes
and having an upflow of heating gases therein, a
group of return bend steam heating tubes ex-
tending across only the gas pass of greater flow
area, means Ior supporting one end, of said

2,002,200

steam heating tubes from said baffle-forming

tubes, and damper means for varying the amount
of heating gases flowing through the gas pass of
lesser flow area.

14, ‘A steam generator comprising a setting, a
bank of inclined steam generating tubes ar-
ranged across said setting, a steam and water
drum arranged transversely of and above said
steam generating tubes, rows of uptake and down-
take circulator tubes vertically disposed along op-
posite sides of said setting and connecting the
corresponding ends of said steam generating tubes
to said drum, a row of fluid heating tubes having
portions extending inwardly adjacent the down-
take end of said tube bank and vertically inter-
mediate the length of said tube bank and having
their upper ends connected to said drum, a ver-
tically extending baffle supported on the vertical~
ly extending portions of said row of tubes and
arranged to extend transversely of said tube bank
and separate a pair of parallel gas passes of dif-
ferent cross-sectional flow areas within the space
between said rows, of circulator tubes.and having
an upflow of heating gases therein, the gas pass
of greater flow area being arranged directly above

the uptake end of said tube bank, a group of

steam heating tubes extending across only the

-gas pass of greater flow area, and damper means

for controlling the amount of heating gases flow-

ing through the gas.pass of lesser flow area.
15, A steam generator comprising a setting, a

group of steam generating tubes arranged across

‘said setting, a steam and water drum extending

transversely of and above said steam generat-
ing tubes, circulator tubes vertically disposed
along opposite sides of said setting and connect-
ing the opposite ends of said steam generating
tube group to said drum, means including a row
of fluid heating tubes having portions extending
vertically within ‘said setting and arranged to

:form a bafile extending transversely of said steam

generating tube group and separating a pair of

_adjacent gas passes within said setting, suspen-

sion means for supporting the vertically extend-
ing portions of said baffle-forming tubes, a group
of return bend fluid’' heating tubes extending
across onlyone of said gas passes, means for sup-
porting one end of said return bend tubes from
said bafile-forming tubes and suspension means,
a second group of return bend fluid heating
tubes extending through said baffle and across
said gas passes, damper means for varying the
relative amounts of heating gases flowing through
said gas passes, and means for supporting the op-
posite ends of said second group of return bend

_tubes from adjacent circulator tubes.

' 16. A steam generator comprising a setting, a
group of steam generating tubes arranged across
said setting, a steam and water drum extending
transversly of and above said steam generating
tubes, circulator tubes connecting the. opposite
ends of said steam generating tube group to said
drum, means forming a bafile extending trans-
versely of said steam generating tube group and
separating a pair of adjacent gas passes within
said setting above said steam generating tube
group, a group of steam heating tubes located in
only one of said gas passes, a group of economizer

tubes located in both of said gas passes and above®

said steam heating tubes, and damper means
located in the path of gas flow beyond said

. economizer tubes for varying the relative amounts

of heating gases flowing through said gas passes.
17. A water tube boiler comprising a combus-
tlon'ghamber, a bank of steam generating tubes
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located above said combustion chamber, a steam
and water drum positioned above said tube bank,
¢irculators connecting opposite ends of said tube
bank to said drum and defining a vertical heating
gas pass above said tube bank, a waste gas outlet
adjacent said drum, a bafile extending trans-
versely of said tube bank and dividing said gas
pass into a pair of channels from beyond said tube
bank to said gas outlet, a2 group of steam heating
tubes located in one of said channels, a bank of
auxiliary fiuid heating tubes above said steam
heating tubes and extending through said bafile
into both of said channels, and means at the
upper ends of said channels for varying the rela-
tive amounts of heating gases flowing through

* said channels. :

20

18. A steam generator comprising a setting, a
group of steam generating tubes arranged across
said setting, a steam and water drum above said
steam generating tube group, groups of circu-

_lator tubes extending along opposite sides of said

setting and connecting the opposite ends of said

. steam generating tube group to said drum, a ver-

25

30

35

tically extending baffle arranged to divide a por-
tion of said setting above said steam generating
tube group -and between said circulator tube
groups into a pair of laterally adjacent vertically
extending gas passes, a2 group of steam heating
tubes extending across only one of said gas passes,
a group of multi-looped return bend economizer
tubes in the other gas pass, means for supporting
at least one end of said group of economizer tubes
from adjacent circulator -tubes, and damper
means for varying the relative amounts of heat-
ing gases flowing through said gas passes.

19. A steam generator comprising a setting,
groups of circulator tubes extending along oppo-
site sides of said setting, a vertically extending

5

baffle arranged to divide a portion of said setting
between said circulator tube groups into a pair.of
laterally adjacent vertically extending gas passes
having an upflow of heating gases therein, a
group of return bend steam heating tubes ex-
tending across only one of said gas passes, a
group of multi-looped return bend economizer
tubes in the other gas pass, means for supporting
the opposite ends of said group of economizer
tubes from adjacent circulator tubes, and damper
means for varying the relative amounts of heat-
ing gases flowing through said gas passes.

20. A steam generator comprising a setting, a
group of steam generating tubes arranged- across
said setting, a steam and water drum a substan-

“tial distance above said steam -generating tube

group, groups of circulator tubes extending along
opposite sides of said setting and connecting the

opposite ends of said steam generating tube .

group to said drum, a vertically extending bafile
arranged to divide a portion of said setting above
said steam generating tube group and between
said circulator tube groups into a pair of laterally
adjacent vertically extending gas passes having
an upflow of heafing gases therein, a group of
return bend steam heating tubes extending across
only one of said gas passes, a group of multi-
looped return bend economizer tubes in the other
gas pass, means for supporting the opposite ends
of said group of economizer tubes from adjacent
circulator tubes, and damper means in the path
of gas flow beyond said economizer ftubes for
varying the relative amounts of heating gases
flowing through said gas passes.
GERTRUDE M. BLACK,
Ezxecuirix of John E. Black.
CHARLES S. SMITH.
ROBERT K. BEHR.
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