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.My . present .invention - relates in general to
water.fube-steam boilers, and more particularly
to the eonstruction and operation of water tube
steam boilers which are characterized by the lo-
cation of a steam and water separating drum or
drums at & distance above the highest point of
steam generation in-a bank of natural circulation
steam generating elements which is great as com-
pared to the vertical distance between the highest
and lowest. points. of steam generation in that
bank

The general object of my invention is the pro-
vision -of -a. water tube.boiler having an improved
construction and arrangement-of the fluid heat-
ing surface thereof. A more specific object of my
invention is the provision of a high drum two-
stage water tube boiler with an improved ar-
rangement and proportioning of the fluid con-
duit elements constituting the forced circulation
steam generating stage.

“The various features of novelty wh1ch char-
acterize my invention are pointed out with par-
ticularity in the claims annexed to and forming
a part of this specification. For a better under-

5 standing of the invention, its operating advan-

tages and specific objects attained by its use, ref-
erence should be had to the accompanying draw-
ings and. descriptive matter in which I have il-
histrated and descnbed pxeferled embodiments
of ‘my invention. .

Of  the drawings, Fig. 1 is a sectional eleva-
tion; partly diagrammatic, of a water tube boiler
constructed in aceordance with my invention;
and Fig. 2 is a sectional elevation of a portion
of the boiler shown.in:Fig. 1, illustrating a modi-
fied-arrangement of the heating surface. -

- The embodiment of ‘the invention illustrated

in Fig. 1 consists of a water tube boiler unit hav-

ing 4 fluid cocled furnace 10 of substantial fuel
biitring: capacity and: into -which fuel is intro-

" duced: and burned by 4 pair of oppositely posi-
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tioned underfeed stokers 11. ' The upper end -of
the furhiace chamber is substantially in glignment
with the lower end of a vertical heating gas pass
12. A relatively shallow bank of natural circu-
lation steam generating tubular elements 13 is
positioned across the lower end of the-gas pass
12.” The tubes. 13 receive preheated water from
& transversely extending steam and water drum
14 loéated at a vertical distance above the - high-
est-point of stéeam generation in the tube bank
13 which is great as compared to the vertical dis-
tance between the highest and lowest points of
_ steam genéeration in the tube bank. Downtake
3 girculetors 15 connect the bottom of -the drum
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14 to downtake headers 16 ab the lower ends of
the tubes 13. The steam generated in the tubes
13 passes through uptake headers 17 and uptake
circulators 18 to the drum 14.

As shown in Fig. 1 the downtake mrcula,tors 60
are bent laterally to define a portion of the gas
pass. A vertical wall 19, having a lower offset
portion 20, extends vertically from the down—
take headers 16 to a heating gas outlet 21 at
the upper end of the gas pass. The wall 19 in- 65
cludes and is supported by the wall deﬁmng por— :
tions of the downtake cucculators The opposite
wall 22 of the gas pass.extends. upwardly from
the uptake headers 17 at an inclination towards
the wall 19 until the gas outlet 21 is réached. 70
The uptake -circulators 18 line the wall substan-
tially throughout its extent and have horlzontal
portions 18’ extendmg across the iapering gas
pass directly below the gas outlet 21.

It will be noted that in the above descrlbed con- %
struction only a small portion of the gas pass is
occupied by fluid heating surface. The remain-
ing portion of the gas pass is advantageously
utilized for a compact and therma.lly efficient
arrangement therein of a convection heated su- 8¢
perheater and a steaming. economlzer The st~
perheater consists of a series of return bend
tubes 23 arranged in para,llel vertical planes, and
providing parallel flow paths between the super-
heater inlet header 24 and outlet header 25. The 85
legs of the tubes 23 are preferably arranged par-
allel to the tube bank 13 ‘and- between the wall
portion 20 and the tube bank.

. Substantially all of the remajining portmn of
the gas pass 12 is occupied by the steaming econo- 90
mizer, which, as shown, is divided into four super-
posed tube sections 26, 27, 28 and 29, each of
which is formed by a horizontal series of return
bend tubes 39 arranged in parallel vertical planes
and providing parallel flow paths through the sec- 95
tion. Each tube of the economizer sections. is
formed in a plurality of horizental tube legs con-
nected by vertical return bends. - It will be noted
that the available space is fully utilized: by, pro-
portioning the lengths of the tube legs to the hori- 100
zontal extent of the available space. For ex-
ample, in the economizer section 26, the lower-
most tube leg is quite short while the remalnmg
tube legs progressively increase in length in ac-
cordance with the varying horlzontal dlstance be- 105
superheater tubes 23. The tubes of the econo-
mizer sections 27, 28 and 29 in the tapermg por-
tion of the gas ‘pass have tube legs progressively

decreasing in length upwardly 10
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The economizer sections form part of a forced
circulation steam generating stage of the boiler.
Feed water is delivered under pressure to the
tubes of the economizer section 29 through a
header 31 by means of a suitable boiler feed pump
(not shown) and passes through the parallel flow
paths formed by the tubes 30 into corresponding
tubes in- the economizer section 28. Flow re-
sistor elements may be incorporated, if desirable,
at the inlet portions of economizer tubes in the
bank 29. Dach pair of corresponding tubes -is
connected by a detachable return bend member
32 located externally of the gas pass wall 19. ' The
return bend connections of adjacent tubes are
preferably nested as indicated in Pig. 1.
downflow of water takes place in the economizer
sections 28 and 28, and the heating surface of

these sections is so proportioned that under all
normal conditions of coperation the feed water-

temperature will not be raised to the correspond-
ing saturated steam temperatule bexme legving
these sections.

“The lowermost. tube legs in the economizer

. section 28 pass through the wall 19 and are con-

. havepassedover thesuperheatertubes.
* water passes upwardly from the header 34 through

nected by circulators 33 to-the lowermost legs of
the tubes in the section 26. In the construction
shown, a horizontal header 34 to which a valved
drain connection 35 is applied, is interposed be-
tween the circulators 33 and the section 26. - The
header 34 serves also to mix the streams of heated
water from the sections 29 and 28 bhefore their
delivery to the economizer section 28, which. is ex-
posed to the heating gases immediately ofter they
Theheated

the economizer sections 26 and 27 through parallel
flow paths, corresponding tubes in sections 26 and
27 heing connected by external return bends 36.

. The water fiowing through the tubes of the sec-

44

. terposition of the mixing header 34.

tion 28 is rapidly heated to the saturated steam
temperature and at some point therein steam is
generated, the point of steam generation in each
tube being substantially the same due to the in-
The point
of "steam' generation in all of the tubes of the
Tower economizer sections will vary with different
conditions of operation. The heating surface in
the several economizer sections is desirably so

. proportioned relative to the heat transfer sur-

face in said natural circulation bank and the heat
cutput of the furnace chamber that no steam will
be generated until after the lower legs of the
tubes in the section 26 have been passed. The

. discharge ends of the tubes in the economizer

ez,
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' section 27 are connected to the drum 14 by up-

take and downtake circulators 37, which extend
along the outer side of the inclined portion of
the wall 22, and then horizontally across the gas
pags-into: the side of the drum 14. - Steam sepa-
rated in the drum 14 passes from the drum
through steam circulators 41 to the superheater
inlet header 24.

- ‘The superheater and economizer sections are
preferably supported from the uptake and down-

" take circulators 15 and 18 by means of cooper-

ating lugs 42 welded on the tube return bend por-
tions and circulators 15 and 18. The circulators
in turn are carried by hangers 43 depending from

. the steel framework surrounding the upper sec-

tions of the boiler -and welded to the cnculators
15 and 18, as indicated.

In ‘operation, the heating gases generated in
the furnace chamber 10 pass successively over
the natural circulation tube bank, superheater,

" economizer sections and the horizontal portions

A
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of the circulators 37 and 18 to the gas outlet 21.
The described arrangement of the fluid heating
surface in the gas pass presents a substantially
maximum amount of heating surface to the heat~
ing gases flowing through the gas pass. The ab-
sence of flow baffles in the single vertical pass
avoids the presence of dead gas zones and re-
quires only a -relatively -small'amount :0f fan
power because of the low draft loss present in the
boiler. The rate of heat transfer in all portions
of the gas pass is maintained high by the in-
creased mass flow per unit area of heating sur-
face in the cooler portions of the pass provided

by the tapered formation of the gas pass walls
in that section. -

It has been found that a countercurrent ar-
ranv‘ement‘ of water heating surface provides a

“high thermal efficiency.  In constructions how-

ever. ihtended to carry varying boiler loads, a
wholly countercurrent circulation of -water
through the econorizer sections:would:be disad-
vantageous, since whenever - the supply::of feed
water to-the unit was decreased substantially,
the steam generated in the lower sections of the
economizer would tend to rise through the down~
flowing water and oppose the downflow of water
through those sections. If the water flow should
become sufficiently low, steam would actually
rise and cause the tubes in the lower economizer
sections to become stéam bound, and probably
subsequent overheating of the tubes a.nd water
hammer troubles.

In the present construction substanmally all ‘of
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the economizer heating surface used for heating .

water is arranged for a countercurrent downflow
of water therein, which is most efficient from g
heat transfer standpoint, while the portions in

1i0

which the steam is generated are arranged for .

an upflow of fluid therein parallel to the heat-
ing gas flow. With this flow arrangement all of
the steam generated may freely pass upwardly
to the drum 14 without affecting the water flow
through the economizer. The heat transfer sur-
face in the tube bank 13, superheater 23, and
economizer are proportioned relative to one an-
other and {o the heat output of the furnace cham-
ber to insure that the heating gases contacting
with the economizer will be of such quantity and
temperature that no water will be evaporated in
the economizer prior to entering the economizer
section 26. 'The very slight loss in thermal effi-
ciency: due to this ‘arrangement is more. than
off-set- by the practieal c1rcu1at10n advantages
attained by its use.

In the modification 1llustrated in Flg 2, the pass
is non-tapering and the tube legs: on the banks
27, 28 and 29 are all of the same length and
extend the full width of the pass. In this ar-
rangement, the economizer section 27 and the
lower portion of the section 26.form a part of the
water heating surface of the forced circulation
stage, and all of the steam generation in this
stage-will occur in the upper portion of the sec+
tion 26. The use of special return bends 32 and
36:is avoided by an integral formation of corre-
sponding tubes in. the several sections. Further<
more, the junction header 34 between the down-
flow and upflow sections is also eliminated. The
uptake circulators 37" connecting the section 26
with the drum 14 are arranged within the heat-
ing gas pass rather than externally thereof, as:in
Fig.1. The modification shown in Fig. 2 is other=
wise similar in construction and mode of opera~
tion to the construction shown in Fig. 1.

While in accordance w1th the provisions of the
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statutes I have illustrated and- described herein
the best form of my invention now khown to ie,
fhose skilled in the art will lnderstand that
changes may be made in the form of the &ppara-
tus disclosed without departing from ‘the spirit
of the invention covered by my claims; and that
éertain featitres of my invention may sometlmes
be used to advantage w1thout ‘a correspendmg
use of other features.

1 claim: :

1. A water tube boller compnsmg a furnace
¢hamber; a vertical héating gas pdss in conmmuni-
cation with said furnace chamber, a nattral cir-
culation bank of steam generating tubes positioned
in the lower portion of said gas pass, a steam and
water drum positioned above said bank, uptake
and downtake circulators connecting said tube
bank and drum, a forced flow economizer having
a fluid flow therein independent of the fluid flow
in said natural circulation tube bank and com-
prising a plurality of superposed economizer sec-
tions, each formed by a series of return bend
tubes arranged in parallel and having parallel
tube leg portions extending horizontally across
said gas pass in the portion thereof bounded
by said natural circulation tube bank, uptake and
downtake circulators and drum, means intercon-
necting said economizer sections and providing a
downfiow through a section in the upper portion
of said gas pass and an upflow through a section
in the lower portion of said gas pass, and a
conduit connecting said last mentioned section
to said drum.

9. A water tube boiler comprising a furnace

. chamber, a vertical heating gas pass in com-

munication with said furnace chamber, a natural
circulation bank of steam generating tubes posi-
tioned in the lower portion of said gas pass, a
steam and water drum positioned a substantial
distance above said bank, uptake and downtake
circulators connecting said tube bank and drum,
and a forced flow steam generating stage having
a fluid flow therein independent of the fluid flow
in said natural circulation tube bank and com-

' prising a plurality of superposed water heating

and steam generating sections, each formed by
a series of return bend tubes arranged in parallel
and having parallel tube leg portions extending
horizontally across said gas pass in the portion
thereof bounded by said natural cirulation tube
bank, uptake and downtake circulators and drum,
means interconnecting said sections and providing
a downflow through water heating sections in the
upper portion of said gas pass and an upflow

" through a steam generating section in a lower por-

tion of said gas pass, and a conduit connecting
said steam generating section to said drum.

3. A water tube boiler comprising a furnace
chamber, a vertical heating gas pass in com-

' munication with said furnace chamber, a natural

circulation steam generating stage comprising
a bank of horizontally inclined tubes extending
across said gas pass, a steam and water drum
located a substantial distance above said tube

. bank, uptake and downtake circulators connect-

ing said tube bank and drum, a plurality of
superposed economizer sections arranged in said
gas pass in the portion thereof bounded by said
tube bank, uptake and downtake circulators and

" drum, each of said economizer sections being

formed by a series of return bend tubes arranged
in parallel and having tube legs extending hori-
zontally across said gas pass, means intercon-
necting said economizer sections for a serial flow
therethrough, and the tubes in the economizer

3

section nearést said: tube baik having tube 1egs
progressively’ increasing in: lefigth upwardly,-:« :

4. A water: tube- boiler: comprising & -furrndcé
chamber, a vertical héating gas pass-in. comiiuiii<
éation: with: said: futnace chamber, &' natural
cireulation steam geneérating stage -comprising a
bank’ of horizeiitally inelined- tibes:-extending
across said gas pass, a stear and water drufi
locdted a - substaiitial- distance ‘above said  tube
bank, uiptake and downtake circilators. conrect=
inig said tube barnk aznd drum; a ‘conivection hieat-
ed supelheater comprising ‘steain tubés:in: §aid
g4s pass above and éxtenditig parallel to said tbe
bank, a plurality ‘of superposed ‘économizer -sée-=
tions arranged -in-said’gas pass in- the- portion
thereof: bounded by :said superheater tubes, up=
take and downtake circulators and drum, each of
said economizer sections being formed by a series
of return bend tubes arranged in parallel and hav-
ing tube legs extending horizontally across said
gas pass, means interconnecting said economizer
sections for a serial flow therethrough, the econo-
mizer section nearest said superheater having
tube legs at one side of and below the level of the
upper ends of the uppermost superheater tubes
and progressively increasing in length upwardly.

5. A water tube boiler comprising a furnace
chamber, a vertical heating gas pass having a
tapered upper section and in communication
with said furnace chamber, a natural circulation
steam generating stage comprising a bank of
horizontally inclined tubes extending across said
gas pass, g steam and water drum located a sub-
stantial distance above said tube bank, uptake
and downtake circulators connecting said tube
bank and drum, and a forced flow steam gener-
ating stage having a fluid flow therein independ-
ent of the fluid flow in said natural circulation
tube bank and comprising superposed ecocnomizer
sections arranged in said gas pass in the portion
thereof bounded by said tube bank, uptake and
downtake circulators and drum, each of said
economizer sections being formed by a series of
return bend tubes arranged in parallel and hav-
ing tube legs extending horizontally across said
gas pass, means interconnecting said economizer
sections for a serial flow therethrough, the econo-
mizer section nearest said tube bank having tube
legs progressively increasing in length upwardly,
and the economizer section in the tapered por-
tion of said gas pass having tube legs progres-
sively decreasing in length upwardly.

6. A water tube boiler comprising a furnace
chamber, a vertical heating gas pass having a
tapered upper section and in communication with
said furnace chamber, a natural circulation steam
generating stage comprising a bank of hori-
zontally inclined tubes extending across said gas
pass, a steam and water drum located a substan-
tial distance above said tube bank, uptake and
downtake circulators connecting said tube bank
and drum, a convection heated superheater com-
prising steam tubes in said gas pass above and
extending parallel to said tube bank, and a forced
flow steam generating stage comprising super-
posed economizer sections arranged in said gas
pass in the portion thereof bounded by said
superheater tubes, uptake and downtake circula-
tors and drum, each of said economizer sections
being formed by a series of return bend tubes
arragnged in parallel and having tube legs extend-
ing horizontally across said gas pass, means inter-
connecting said economizer sections and provid-
ing a downflow in a section in the tapered por-
tion of said gas pass and an upflow in the section
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4
nearest said superheater, the economizer section
nearest said superheater having tube legs at one
side-of and below the level of the upper ends of
the: uppermost superheater tubes and progres-
sively increasing in length upwardly, and the
economizer section in the tapered portion of said
gas pass having tube legs progresswely decreas-
ing in length upwardly.

7. In a -steam boiler comprlsmg ‘a furnace
cha,mber a vertical heating gas pass arranged
for an upward flow of heating gases therethrough
from said furnace chamber, and a steam and
water drum, a steaming economizer having an
upper water heatmg section and a lower steam-
ing. section superimposed in said gas pass, each
of said sections having a multiplicity of vertically
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spaced tubes connected in series-and forming con-
tinuous predete1m1ned flow: paths insuring pro-
gressive fluid heating from .the inlet thereto ‘to
the discharge therefrom means for supplying

feed water under pressure to the inlet end of the

uppéermost tubes of said water heating section,
conduit means comprising a water mixing header
connectlng the discharge end of the lowermost
tubes in said water heaumg section to the mlet
end of the lowermost tubes of said stea,mmg sec-
tion, and means for.conducting . the: fluid dis-
charge from the discharge end of the uppermost
tubes in said steaming section directly. to . sald
steam and water drum, R
B HOWARD J. KERE.
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