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To «Il whom # may concern:
Be it known that I, Goprrey ExceL, a

citizen of the United States, residing in |
Yttsburg, in the eounty of AMegheny and’

State of Pennsylvania, have invented cer-

tain new and usefnl Improvements in Boil- ;

ers. of which the following s a specification.
My invention relates to improvements 1n

_hoilers, and - partienlaly o improvements
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in water-tnbe boilers, all ax wereinafter
fully set forth and particularly peinted out
in the claims. _

The cbjects of my invention are, first, to
prodice 2 compact, efticient beiler of high
capacity in proportion {0 size, weight. and
heating surface; second, to avoid vestriction
of circulation. and particwlarly restriction
of streams of mixed water and steam, to
cause the generating iubes to deliver
directly into a relatively large drum, af-

fording ample space for disengagement of |

waier from the stean, and fo cause aieh dis-

engagement to take place prineipally, wud |
as neatly as possible eutively, 1 the upper !
drum; third, to m-ure thornagh amd rapuld |

natural eireulation of the water in the
hoiler, and the heating of the feed water
{o mean boiler temperature before it en-
counters the hottest periions of the hotler
and to keep covered with water all parts

of the boiler whicl: are exposcd to the divect |

action of the furnace gases: and fourth, o
prevent formation of seale in the inbes and
drums and to cause all sediment to be de-
posited in mud drums; fifth, to insure dry
steam, to avoid foaming, fo prevent [ro-
jection of spray into prosimity te the place
or places from which steam is taken off;
sixth. to cause the furnace gases to circulate
throungh the boiler in an improved manner,
to equalize the circulation of the gases abuut
and along the surface of the tubes, to cauwse
said tubes to be exposed constantly to fresh
portiens of the furnace gases, avoiding dead
spaces oF portions of ilic tube to which heat
is imparted indirvectly rather than dirvectly,
to make the entire heating surface of the
hoiler highly efficient, and to provide a rel-
atively long path for the mises, in })ropor-
tion to the length of the tubes and leir ar-
rangemint, permitting the grouping of the
tubes in a relatively small number ot banks
of tubes, and permitiing the v-e of a rela-
tively small number of drums. while insur-
ing efficient transfer of heat frem the gases
to the water and the lowering of the tem-

1 perature of said gases to a relatively great

¢ degree; zeventh, to obtain high furnice

| efficiency: eighth, to permit the use of
bricks or tiles of simple and strong form 60
i for the construction of the various baflle
walls and partitions, to key together the
seetions of (he bafle walls arranged longi-
tudinally on the iubes, aund to permit the
main dividisg bafile wall to be vertical, and 65
to bo built of ordinary fire brick laid with
close joints, so as lo avoid short-cireniting
of the gases, and to permit the bafiles to be
removed and replaced at will, and without
difficulty; nintl, to make the hoiler simple, 70
compact and dnrable, to render stays unnec-
essary and avoid the use of stayed members,

to permit all partsto be made of rolled steel,

to obtain maximnum strength with minimum
weight, to maks proper provision for ex- 75
panzion and cantractien, to make all parts
i easy of nccess. o avoid the necessity of ex-
| ceptional slill vu the part of the attendants,
Dand to nake the boiler easy to operate,
clean and maintaing and lastly, t6 penmit
foreing of the boiler and to permit the use
of strong draft in the operation _thereof,
with high economy of operation.

Gne of the important objects of my pres-
ent invention is to improve the drums of 85
sueh boilers, and particularly the tube
cheets thereof, so that while provision is
made for facilitaling the insertion and
withdrawal of the tubes, the tendency to

o
(=]

metal is reduced to a minimum and great
eeonomy in the metal is effected, dre to the
fact that the distribution of the metal in
the formation of the tube seats is to a large
extent in the lines of strain. 95
My invention .is capable of being em-
Ludied in boilers of many different types,
adapted for many different uses and for use
with many different types of fuel. 1 have
not attempted to illusirate all of the forms 100
in which my improved invention may
embodied, or to illustrate all of the modi-
fications and  alternative  coustructions
which may be employed or devised without
departing from the spirit and scope of the 108
invention, but in the accompanying draw-
ings have illustrated one type of boiler em-
i bedying my invention, «aid boiler being of
the staticnary type. Muapy of the features
of invention illustruted in said drawings 110
are capahle of heing used in boilers of dif-
erent constrietion. and in conection with

distortion and harmful siretching of the 90
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other features of ditferent construction aud U the sid furnace. The drums, 2 and 3, and

method of eperation than those hervein illus-
trated, as will be apparent to those skilled
in the art.

The particular boiler illustrated herein
as embodying the features of invention here-
inafter claimed, is of a novel type, compris-
ing an upper stenm and water drum and a
plurality of lower drinns (fwo, in the in-
stanee <wown). said drums all conneeted by
{ubes. the arrangemcent illustrated in the
drawings resembling the letter A or a tri-
angular figure. In connectiviewith the drums
and tubes thus arrangred T provide a furnace
or other eeans for supplying heating gases,
and  preferably, thongh net necesartly. 1

cause said heating gases to flow up along :
one of the main sertes or banks of generat- |

ing fubes connecting the upper drinin with
the lower drum. and down along another
such bank of tubes: and T may also pro-
vide means wherehy the heating gases ave
eatsed to flow aeross, alone and aronnd sub-

Cstantially the entire lenath and surface of

cuch of such tubes, therehy providing a rela-
tively long path for the gases in a relatively
compuct and simple boiter. keeping the fur
nace. gages at ail times in contact with or
in effective proximity to the heating surface
of the boiler, and censtanily exposing new
portions of the gases te suchheating surface.
avoiding stagnation of the gases awd indi-
rect frnnsnission of heat.

In the accompbanying drawings, Figare 1
shows an elevation of one form of my im-
swoved builer. e walls thereof being shown
in section. Fiz 2 shows a detail side view
of oue of the lower Jrums and its tubes,
and illustrates ihe arouping of the latter.
Fir. 3 shows a horizontal section of the
boiler, Jooking downward.  Fig 4 =hows a
detail end elevation of the upper and one of
the lower drimy, and {he tubes” thereot.
Fig. 5 shows a Jongitudinal section of one of
the {ransverse bathes. Figs. 6 and 7 ave de-
tail views of the Jongitulinal bailles, Fig. 6
Leing 2 perspective olevation of one of the
Dafile seetions, detached. and Fig 7 showing
in perspective & yow or wall of such see-
{ions, arranged as in practice. in conpection
with one of the tubes. Fig 8 shows a ver-
tical U msverse seetion of the npper drum,
iMustenting  particalarly  the constriction
{hereof, the seetion helug tuken on iwo (if-
forenl planes. Fig. 9 shows a side view of
cuch ddrwan aml its tuhes. Figo 10 shows a
plan view of a lower drum and a cross-zee-
tion of the tubes thereof, and iHlustiates the
e of tubes as Jongitudinal ballles.

Referring to the drawings, 1 designates
the said steam and water drum; 2 and 3
designate the said mud drams: 4 and 3
designate the said banles of inclined gene-
rating tubes: 6 designates tubes connecting
the mud drums 2 and 3 and 7 designates

ithe tubes 4, 5 and 6 together constitute a
clused cireulating cireuit. all withun the
main heating chamber formed by the brick
walls 8 of the Loilo setting. through which
cireuit the water v ill eirenlate very rapidly
and freely while the Loiler is in operation.
In the particular construction shown the
furnace. T. i f the external type, being lo-
cated in the snain outside of he setting 8.
This arrangement of the furnace has the ad-
vantage that ccmbustion within the furnace
is noet prevented by the presence of rela-
tively cool heating surfaces, there being no
contact of the gases with the heating surface
of the boiler until aid gases pass the bridge
wall 9. However, T do not coufine myself to
this loeaticn of the furnace, but may locate
it otherwize as may prove convenient, effect-
ive. or otherwise desirable.

Between the two banks of tubes, 4 and 5,
I provide a main dividing wall or vertical
hatfie, 10, supported at the bottom by the
boiler foundation. This bafile wall, being
vertical and of simple construction, and well
supported, may be built of ordinary five
brick, Iaid with close joints, and so substan-
tally hupervions to the furnace gases. This
wall forces the furnace gases as they enter
the heating chamber to ii)w, in the first in-
stance, upward along the bank of tubes 4,

&0

85

90

95

and then downward aleong the tubes 3, thus

insuring a relatively long path for the fur-
nace gases in a relatively compact heating
chamber comprising a relatively small num-
ber of banks of tubes. The gases are fur-
ther eaused to cross tubes 1+ at right angles
when first entering the heating chamber, and
to cross tubes 3 at right angles in passing
from the heating chamber into the offtake
11. By means hereinafter described 1 fur-
ther prolong the path of the farnnce gases

100

108

within said chamber and insure a very ef-’

foctive action of the furnace gases on the
tubes 4 and 3 and on the under surface of
the dram 1, which surface constitutes highly
efficient heating surface.  YWhen the furnace
ases first enter the heating chamber, a por-
tion of said gases pass down, under and
around the mud drum 3, and up through the
spaces between_tubes 6, thus naking drum
3 and tabes 6 etfective as heating surface.

It is well recognized that for effective
transfer of heat from furnace gases to heat-
ing surface, fresh portions of the gases should
e impinging on the heating surface at all
times. 1f the gases merely flow parallel to

“the tubes of the boiler, there is a tendency

for the portions of the gases which fivst im-
pinge upon said tubes to remain in contact,
or substantially in contact, therewith, until
the direction of flow is changed or the ends
of the tubes are reached; and such portions
of the eases as o not impinge upon the
mediately, while the heat of such portions
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of the gases as do not Impinge upon ihe
tubes rezches the latier, if at all, only by
trensmission through the slready - cocled
bodies of gas. Furnhace guses being ex-
tremely poor conductors oi heaf, mere-par-
allel flow of the gases is produvctive of in-
efficiency, and is to be avoided. To avoid
this defect, it has been common to vause the
gases to flow as nearly as possible transversely

¢ of the tubes, the entire current of furnace

gases being cansed to pursue a very tortuous
course, crossing and recrossing the same
bauk of tubes a mwuber of times. The de-
fects of this practice ave, that considerable
pottions of the several tubes ave practiéally
out of the main current of furnace gises, and
are practically dead, that considerable por-

~ tions of the currents of furnace gases are at

26
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a considerable distance from heaiing sur-
face, and are therefore inefiective, that some-
what complicated arrangements of bafliesare

-required which for structural reasons are

apt to be full of openings which permit
short-circuiting of the gases, and that the
sides of the tubes opposite those ox which
the gas currents Impinge are relatively in-
effective as heating surface. To aveid the
charaeterisiic defect, above pointed out, of
the mere parsliel flow of the gases, it is not
necessary to go to the extreme of making the
gases cross the tubes at right angles, or
nearly =o. It is sufliclent to cause the gases
ig How ut a slight angle to the tubes, thus
producing, in effect, a gradual tvan<lation of
the cutrent of gases across the tubes while
said current is flowing lengthwise of the
tubes: by which translation fresh portions of
the furnace gases are constantly brought
inte csntact with the surface of the tubes,
ihe gas is prevented from “stagnating”, so
to spear, about sald tebes, and abll the ben-
efits of ¢ ¢ flow of the furnace gases
wre realized withont considerable portions
of said tubes heing ot of the main currente
i e, “dead ™,

Yy the arrangemeni of transverse and
longitudinal baflies, ov their equivalents, an-
ployed in my boiler, ¥ produ.e sach a motion
of translation of the currents of furnace
gases wilh revpeet to the tubes While said
maces are flowing along the tubes, and al

ransve

-the same time cause the gases to flow ju and

“ont around and between the tubes so that

co

I
P

the heating of the tubes is equalized; all por-
tionz of the surfuce of the tubes subjected to
snch nearly-parailel currents being subjected
almost equally {e the action of such gases. 50
that practieally the eniirve surface of each
tube ‘¢ utilized in the mosi efficient manner
as heating surface.  Referring now {o this
feature of my inveniion as embadied in {he
consirvetion illustrated in the drawings. I

=

nrovide the two banks of tubes, 4 and 3. with
four transverse baflle walls 12, 13, 14 and 15,

Tongitudinal bafile walls, 16 and 17, (for the
Iatter see Fig. 3) located between the trans-
verse bafiles. 12 and 13, and 14 and-15, the
walls 17 on the inner side of euch bink of
tubes, the walls 16 on the outer side of each
bank. The longitudinal walls 16 and 17 are
each relaiively narrow, with spaces 18 be-
tween for the flow of the gases, there being
a number of walls 16 and 17 for each hank
of tubes, as shown particularly in Figs. 2
and 3. In praetice I customarily arrange

the tuhes of each bank in a plurality of

groups, each group comprising a plurality

of rows of tubes (two rows, in the construe-.

tion shown), each group separated from the
adjacent groups by spaces somewhat wider
than the distance between. thé rows com-
prising each group. Thus, in the arrange-
ment shown. the tubes of bank 4 are ar-
ranged in groups 48, 4°, 4° etc., each com-

80

85

prising two rows of {ubes, and the tubes of -

bank 5 are similarly arranged. The princi-
sal veason Tor emploving this arrangenient
of tabes will be pointed out hereafter; but
said arrangement has the important advan-
{zge. in this connection, of greatly facilitat-
ing the use of baflles, or their equivalents, to

eause (he pecaliar elrculation of the gases.

hetween the tubes, in g direction parallel to
the front of the boiler, means to produce
which forms one of the prineipal features of

my invention. The tubes belry arranged in.
gronps, as described, I empldy the baflle”
walls 16 to close alternate spuces between

groups on the outer side of the banks 4 ard
3, aud similarly employ walls 17 to closc
alternate spaces between groups on the inner
side of banks 4 and 5, the intermediate
spaces between groups, designated by nu-
merals 18, heing left open; but the walls 16
and 17 are not opposile, but are staggered,

90

©
(4]

and so are the openings 18, as a result. The .

effect i3 that gases entering openings 18 be-
fween walls 17 of bank 4, caunot pass (gli-
recily through said openings to the outsigle,
but must flow between the tubes, in a diree-
tion parailel to the front of the boiler, to
the Spaces belween the tubes of the adjacent
eroups, and tothe openings 18 bevond. This
flow of the eases 18 indieated by arrows in
the druwings. By this arrangement of haf-
fles, the entire portion af the tubes between
transverse haflles 12 and 13. and 14 and 15,
ace surrounded by furnace gases flowing not
only longitudinally, but alse transversely,
with respect 1o sald tubes, in a manner {o
instre the highest efficieney of heating sur-
face, and fo insure substantinlly the same
efficiency for all portions of the heating sur-
face of said tubes exposed to such eurrents.
At the same time, the gases flow in a rela-
tively dirvect path. and through openings of
ample area. so that excessive draft is not

. . required. The {ubes being very nearly ver-
and T aiso provide said banks of tuhes with i tical, ash and dust cannot collect on them,
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and therefore the transmission of heat is not
interfered with by deposits of such sub-
stances. .

Instead of employing baffle walls 16 and
17, as above described, I may employ gener-
ating tubes 16" and 17', as shown in Fig. 10,
said tubes taking the place of bafile walls
and serving in offect as baffles, while at the
same time also constituting very effective
heating surface. Such tubes are intended to
be included within.the terms “hafles and
“huffle- walis” as used herein and in the

claims. Such tubes, when used, will connect

the drums, constituting in fact paxts of banks
4 and 5. - ) :

The primary reason why I prefer to ar-
range the tubes of banks 4 and 3 in groups,
as shown, is to facilitate tubing and re-
tubing of the boiler, and to permit the ready
removal of any tube when desired. In this

- connection I commonly employ drums 1, 2.

and 8 having tube-sheets of peculiar con-

~ struction, so that to remove any tube, when

25

30

40

it has heen freed at one end from the upper
drum, for example, its end so freed may be
moved slightly to one side, into one of the
spaces between groups of. tubes, and then
the tube msy be lifted slightly, so as to un-
step it at the bottom, after which it may be
removed through one of the spaces 18 be-
tween groups of tubes. One construction
of tube sheet which I may employ for this
purpose is illustrated in ¥igs. 8 and 0. By
pressing or otherwise, I form a plurality of
directly connected steps, 19% 19®, ete., the
faces of which steps are substantially per-
pendicular to the rows of tubes. Each such
step is unsually of such width (longitudi-
nally of the drum) that it will take tubes of
all of ihe rows of the tubé group to which
it corresponds, and it may be of sufficient
length (transversely of the drum) to take
more than one tube of each row. T his is

" true, in the construction shown, of steps 192

45

50

The first two or three steps from each row,
(counting from the middle) as 192 and 19,
are commonly raised somewhat beyond the

_cylindrical surface of the drum, so that be-

tieen them there are spaces or grooves 20
of such depth that when the end of a tuhe

~ has been freed from its hole in such drum

55

60

it may be moved over opposite such space

or groove 20 (which spaces Or grooves cor-

respond to-the wide spaces 13 between the
groups of tubes) and may thenr be moved
Tongitudinally into such space or groove to
permit freeing of the other end of the tube
from the drum to which it is connected. Tt
is not necessary, however, to raise com-
pletely from the surface ‘of the drum the
steps which are well up or down on the side
of the drum (as for example. steps 19, 194,
and 19°), as the tubes seated in such steps
may be sprung outward, as well as to one
side so as to permit them to be moved lon-

gitudinally enough to free thejr outer ends.
Consequently the steps 197, 194, and 19° are
formed by pressing the metat partly in and
partly out from the true cylindrical curva-
ture, as shown in Fig. 8, which shows sec-
tions on two planes, the left side showing a

70

section {hrough cne series of steps, the right-

side showing a sectien through one of the

intervening spaces OF grooves 90 between .

two series of steps. 'The steps of each series
are directly connected, one to another, the
extreme’ opposite edges of each step being
on opposite sides of the mean curvature of
the drum, which mean curvature is main-
tained between said series. Furthermore,
the gencral slope of-each series of steps con-
forins to the mean curvature of the drum,

and the unse of man-holes is rendered un- -

Tecessary. -

Lo sides of the raised steps 19° and 19*
form ribe which materially stiffen the drum.
In the construction shown, the faces of the
steps 19 of drum 1 are of a curvature ap-
proximating arcs of circles struck from the
points of inersection of the mean axXes of
the tubes entering such surfaces, said sur-
{aces being, theretfore, approximately per-

‘pendicular to the tubes entering them.

Tlowever I do not limit myself to giving
such surfaces any precise curvature, or to
giving them any curvature at all.

The transverse baffles 12, 13, 14 and 15 are
composed of bars such as illustrated in Fig.
3, adapted to be inserted between the tubes
edgewise, i. e., With their sides of greuter
width vertical, and then to be turned.
These bafles are held in place by the pres-

sure of the tubes against them, said tubes.

being spruang apart, slightly, when insert-
ing the bafiles, so that when the tubes are
released the baffles will be held by spring
action of the tubes. Preferably, the edges
of the transverse baffles are grooved or cor-
rugated, so as to surround partly the tubes
adjacent to them.

‘Another feature of my invention resides

“in the construetion of the baffle walls 16 and

17; and this feature is illustrated particu-
larly in Figs. 6 and 7. Said walls are com-
posed of cections 21 of fire-clay or other

suitable material, said sections -being each
wider at one end than at the other, the nar-

row end of each section adapted to be in-
serted between the tubes, the wider end be-
ing too wide for such insertion. The upper

and lower. faces of the sections are also in-

clined or beveled, the narrow end of each:

scction being higher than the wide end. In
setiing up these sections, alternate sections
(vertically) are inserted from opposite sides
of the tubes, the beveled surfaces matchin
<o that the wall thus formed is parallel wit
the tubes, and fits closely thereto. The sec-

tions then key each other, so that they may’

not be displaced accidentally. T¢ will be
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noted that the form of the sections by which |

this highly desirable keyving together is se-
cared. 1% a very simple one. and that the sec-
tions may be made very easily.

Suitable doars 22 ave provided to afford
avcess to the heating chamber at » nurbey
of points. 1t will be noted that all parts of
the boiler are very acecessible. The hand
my be placed on any. tube or bafile of the
boiler, and in case of breaking of the baffles.
new ones may be put in at any time. Tubes
may be taken out «nd replaced without Jdiffi-
culty. The construction of the boiler Is
such that there is smple opportunity for ex-
pansion and_contraction without straining
the parts. No stayed surfaces are required.

In the operation of my beiler, the prod-
wets of combustion from thie combustion
chanher 7 divide, part of them passing di-
vectly acress the bank of tubes 4, while an-
other part of sald gases passes down under
dvws B, up across tubes 6. joining the firsl
bianch of {he stream.  Sald gases then p

of tubes 4. between, around, and upward
along the said tubes. passing ont through
urvs;mg.c 18 hetween hafiles 16, The gases
alss pa-s through the spaces between the
tubes of each group, which openings are
not clowed by baflles, either longitudinsl or
iransverse. The peenliar cirenlation of the
furnace gases ihereby produced inswes the

-uniform heating of the tubes, in the most
officiont manner, new portions of the fur-

nace gases being bronght constantly inte
contact witl: the tubes. The gases then cross
e 1 oand 5 transversely. above baflles 13
and b, and below drum 1, which dram is
{hereby exposed to the heating action of =aid
ansex, its lower surface constituling effective
heating surface.  The gases then pass he-
tween the baffles of tubes 5 and circalate he-
tweett. aroand and sleng the same in the

¥
1
i
1
t
i

i
!
|

came manmer as with tubes & hut passing in

11l gazes

the opposite divertion: and finally
pass across tubes 5, below baille 15,
oil-take 11

The gases will be materially cooler when
hev encounter tubes 5 than when they en-
countored tubes boand {herefore there will
Le very rapid cirealation of waler from
Jram 1 downward throngh tubes 5 to drum
9. thenve throngh tubes 6 to dram 3, s
T ence upward throngh tubes 4 to dram 1.
insuring high capacity of the hoiler in pro-
portion to size and ieating surface.  The
tubes 4 diseharge direetly, through unokb-
cirneted openings, inte drum 1, and there-
fore the disenmagement of the steam from
(e water will tuke place almost entirely in
drim 1. where there is ample room for such
disengagement. D boilers in which the flow
of the water from the tubes to the drum is
reatrieted, disengngement of steam from the
water sometimesvecurs to a great extent n
14

i

into the ;

{he tubes themselves; and this ma¥
harning of the fubes. Such buring
possible in my boiler, however, o lang as a

! proper water Jevel is mainiained s and while

it is desirable that the water lovel shall m
wavs he above the hottom of dmm 1.t e
icnowt that such level may fall ronsirferably
below the bottom of the drum. the aefion
within tubes 4 being sufficient to teep the
surfaces of suid tube and the supfuce of the
lower portion of the drum wet, even when
the water Jevel is below the bottom of drum1.

1 commonly introduce the foed water into
drum 1. in proximity to the mouths of
tubes 3, and cause it to mix with the water
flowing down through snid iibes into drum
9. In this way the water will be heated
thoroughly to mean hailer temperatnre, he-
fore it encounters the tubes 1, and the sodi-
ment which the feed sater may carry will
ke deposited in drums 2 and 3—the most of
i in drwm 2 under normal condifions.

To jnsure dry steam, and keep the water

through the openings i8 between haffles 17 Plevel the sume in all parts of the drum 1,

1 eommonly take the steam off through o
drv-nipe 23. perforated un {op. In prac-
tiee T have found that if steam e taken of
at a Sow points only, the water Jesel is much
hisher belaw the points at which the steam
is taken off than at cther points The dry-
pipe. extending snhstantially frouesone end
of the drum to the other, abvintes this

To prevent projection of water {rom tubes
4 npward into ihe steam =pace of drun i,
may provide perforaied plates 24 ahove the
months of said tuhes

Because of (he cfficient cirenlation of wa-
fer T my boilery and the very efficient er-
culation of the furmwee gases 2long and
aronnd the tabss and otber heatirer surface,
the hoiler may be operated, with Firh efil-
elenev, with vorv strong draft, and thus
may be foreed fav hevond what. aecording
to ordinary snethods of vatine, would he
considered it noimal eapacity.  This fact,
and the ability of the botles to aperate with-
out injury even when the water Jevel fulls
far below the normal level. cpeeiatly adapts

the hotler for use where (he demand varies

cucdenty through wide limits.

[t vl be noted that my onstrunetion of
tube sheet enables me to use straight tabes,
which in the construction of botlers of this
character is a matter of very great economic
value. .

[ laim as my inventiont -

1. Tn » boiler, the combiration with 8
cirenlating system comprising o pharality
of dinus, upper aud lower, an T a plurality
of conneeting banks of generting tubes are
ranged for oivculation of water herween =i idd
npper and lower drnmis. of weans for di-
recling heating gases aloag said tubes com-
prising seprrate paseages. ouely inclosing
one of said hanks of tunes eonneeting the
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uppet and lower drums, and arranged sub- ‘ tubes comprising a dividing wall and baffles
stantially longitudinally with respect to said ‘ cxtending transversely across said two first-
tubes, sald passages connected in series, and | mentioned serics of tubes, one such bafile lo-

a transverse balile within the first of such ‘ cated immediately ahove the point of-éntry
passages, extending across tubes therein. ‘ of the heating gases. ‘ 70
5. 1u 2 boiler, the combination with a i 7. A hoiler comprising an upper drum
circulating system comprising 2 plurality of | and a plurality of lower drums and sepa-’
drums, upper and lower, and & plurality of | rate banks of tubes connecting said upper

connecting banks of generating tubes ar- d i

drum with each of said lower drumns, in
10 ranged for circulation of water between said

combination with means directing heating 75
* upper and lower drums, of means for direct-  gases n alternately opposite directions along

|
‘\
! =
ing healing gase zlong said tubes compris- | said banks of tubes, comprising separate pas-
ing separale passages, each inclosing one of \ sages for said banks of tubes and transverse

;

“

H

:

1

>

said banks of tubes conneeting the wpper | baflles therein, one of said baflles within the
and lower drums, and_ arranged substan- | first of said passages, the flow of said gases 80
tially longitudinally with respect to said | being upward along one of such banks and -
tubes, said passages connected in series, and | downward along the next.

transverss baffles in said passages, one o 3. A boiler comprising an upper drum
said baffles in the first such pussage and ex- | and a plurality of lower drums and sepa-

g tending across tubes therein. rate banks of tubes connecting said upper 85
3. In a boiler, the combination with an | drum with each of said lower drums, In

upper and a plurality of lower drums, tubes combination with means dirqcting_hent_ing-
connéeting said upper drum with each of | gases 1n alternately opposite _directions
said lower drums, and other tubes connect- | along said banks of tubes comprising sepa-

05 NG the sides of said' lower drums, said | vate passages for said banks of tubes having 90

l
drums and tubes together constituting sub- 1 staggered longitudinal bafiles with openings
stantially a closed geometrical figure, of a l between, ' .
dividing wall separating the banks of tubes | 9. A boiler comprising an upper and two
connecting the upper drum with the lower { lower drums and two. banks of tubes each
g0 drums, and transverse baflles extending | connecting said upper drum to one of said 95
from the top of said wall transversely across Llowex' drums, in combination with means di-
said banks of tubes. {'recting heating gases upward along one of
4. In a boiler, the combination with an ‘ said banks of tubes and dewnward along an-

upper and two lower drums, tubes conmect- | other bank thereof comprising a dividing
ing said upper drum with each of said lower | wall and transverse and longitudinal bafiles, 100
drums, and other tubes connecting the sides } the latter staggered with openings between:
of said lower drums, caid drums and tubes 10. A boiler comprising & p urality of
together constituting substentially a closed | drinms, upper and lower, a plurality of banks

geometrical faurs, of a dividing wall sepa- of tubes connecting sald upper and lower
4p Tating the bunks of tubes: connecting the | drums, means forming separate longitudinal. 105

upper drum with t}xe lower drums, means | passages for epc:h of said .anks of tubes com-

for supplying heating gases, connected 1o | prising a dividing partition and side walls,

the space o1 one SlGe of such wall, and | said passages connected in series, a furnace

transverse baflles extending across ihe banks | discharging heated gases across one such
45 of tubes on tfe side at which such gases ! Lank of tubes toward smd'dxvxdmig wall, and 1104

enter,- one such baflle located above such ja {ransverse baffle crossing suct bank . of

point of entry, the other at a higher point. ; tubes immediately above the point of im-

5. In a boiler, the combination of an | pinging of .sugh gases thereon.

upper and & piur:ﬂity of lower drums, series | 11. A boiler comprising an upper :m.d two s
50 of tubes connecting said upper drum with | lower drams and- two banks of tubes each
ach of said lower drums, other series of | connecting said upper drum to ovne of said

3

w

{ubes connecting the sides of said lower | lower drums, in combination with a furnace,
drums, and means for directnig heating | & partition separating said banks of tubes
.gases between and against said series of | for directing gases from said furnace up- 150
55- tubes comprising\iq dividing partition and | ward along one of said banks of tubes and
transverse and longitudinal baflles. downward along another bark thereof, and
6. In .a boiler the combination of an | trensverse baffles crossing said banks of
upper and two Jower drums, two series of | tubes near the top of said partition and be-
tubes connecting said upper drum with each ! luw said. up_{)or drum, . 1 125
oo of said lower drums, another series of tubes 12._ A boiler comprising an {J\p})er and two
" connceling the sides of said lower drums, lotrer drums and banks of h_\dea cvonnf?tmg
means for supplying heating gases, and | said tipper drum to cach of said lower }(1 rums,
means directing such gases between and | in combination \Yltll.ﬁ furnace, a heating
against said last-mentioned series of tubes k chamber inclosing said tubes axmfl havg X3 140
. and along said two frst-mentioned series of ] dividing Eqﬁie wall, and transverse baiiies

SR N
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(‘1(.<s§nfr sald tnbes near the {op of said wall
and below said upper drnm. and other trans-
verse haflies erossing saild {nbes at lower
points.

13. .\ boiler comprising an upper and two
lower drums and banks of tubes connrcting
said upper drum o each of said lower dimms,

“in combination with a heating chamber. in-

closing said tubes, and having a dividing
bafle wall, transverse haflles in said chamber
crossing said tubes, arid, longitudinal bafiles
on oppostie sides of sajd b ks of tubes hav-
ing staggered openings, and means for sup-
plying heating gases. R
14.7A boiler unnpusing an upper and two
lower drums and banks of tubes connecting
satd upper drum to cach of said Teaver drmns,
i combin: zt'mu with a heating chamber in-
clesing said tubes and having a dixiding
baille \"qH nieans  for antlmrr- ‘xc.mn«r
gases to one side of said wall, Eransverse
baflies on each side of said wall crossing said
tubes, neur the top of said wall and helow
the upper dram, other (ransverse hafiles
crossing said tubes

h.u‘mg staggered openings.

A botler comprising an apper and two | of
apd two banks of tubes cach !

lower drtims
comneeting said upper deum to one of seid
lower drums, in combination with a heating
|

[

tubes and a source of supply of heating gases
o one side of said dividing wall and means
for the eseape of such guses on the other side
of said wail. and transverse balles for the
first of said banks of tubes eausing the heat-

‘Ing gases to flow across and along the tubes

16, A boiler comprising an upper and two
lewer drnms and two banks of tubes cach
connecting said upper drum to one of said

lower drums. in combination with a heating | 2
Dok
of

chamber inelosing said tubes and having a
dividing haffle w ‘all between said banks of
tubes and a source of supply of healing gases
on one side of said dividing wall and means
for the escape of such gases on the other side
of xaid wall. and trimsverse and longitudinal
haflles causing said gases to flow aecross, along
:md around said tubes. _
A boiler comprising an upper and two
]xmor drums and two banks of tubes each
connecting sakd upper drumn to-one of said
fower drums. in combination with a heating
chamber nelosing said tubes and having a
dividing bafile wall and a source of supply
nf h('..tma gases on one side of said dividing
vall, and means for the eseape of such gases
on the other side of said wall, and transverse

‘and longitudinal baffles onx\mn‘ said gases

to flow across, along and around said tubes.

18. A beiler comprising an upper and two
lower drums and two banks of tubes each
connerting said upper drum to one of said

at lower points, and lon- |
nnndnml baffies betweenthe transverse baflles |

’

Iower drums, in combination with a heating
chamber inelosing said tubes and having a
dividing bafile wall and a source of '\li/.,l~
of hv,‘.m-r auses on one side of said dividimg
wail, and means for the escape of :m*h (ases
on the otherstde of satd wall, awd two {raus-
verse baflles for each saiid bank of tules, one
located neav the lower eud thereof and the

other near the other “'m therest,

19. A boiler comprising an upper and two
lower drums and two banks of tules sach
conneeting said apper drm to one of xid
lower dnn‘n.s._m combination with a heating
chamibzer 'nelosing said tubes and having a
dividing bafile wall and a souree of anpply of
beating Zases on ww side of said dividing

wall and nmeans for [ he eutape \)1 snch gases”

on the wiher sude of sad .’».\: fransyRrs.
bafles tor one or both of said hanks of tabes
Ioeated one near the Jewer end thereof and
another near the upper end thereof, and
longitudinal baflles hebween said {ransversa
batiles.

90, 1n a biiler, the combination with o
s of generating h}-ck and 'n Leating
chamber inciosing the same having mneans
for supplying heating gases'and an off-iake,
Tongitudinal buftiés for sald series of
tubes, located on oppesite sides of \A‘ﬁ series
sl aggered openings between said baff

)
tes be-

VTP ;rmxdod for the fow of heating gases
wnber including said tubes and having a
dividing baffle wall between said banks of |

across the tubes. .
1. Tn a botler. the
S(ms of generating tubes, and a heating
lamber Snclosing (he sane having means
fm st pn.\'m" hewting guses and an off-

col .,,in:ninn with 8

take. of longitnudinnl and teansverse batles
'mg!tuc’xin.J bat-

for suid series of tubes, th

fles located on oppes
staggerved openings beiween
nal baflles being provided for the flow of the
u“i’nw aases along and across said tubes.
39, A hoiler comprising two drums, serie
tibes consecting the same, and a he.xtm"
inclosing said series of tubes and

and an ‘)ﬁ take. in combinstion with ‘mnm-
tudinal baflles located on epposite sides “of
said series of tubesstaggered opedings be-
tween said buflles heing pwvvdn(' for the fow
of heating gases aeross said tubes.

23. A Loiler comprising two drumsg, series
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1o
having means for supplying heating «f?:es‘

115

of tubes connecting the same, and a heating
chamber inc lvsm'f said series of tubles and :

having means for supplying heating gases
and an off-iake; in combination with.longi-
tudinal and transverse hafiles for said series
of tubes, the former located on apposite sides

tof the series, staggered openings between

|
said lengituwdingd bajlles being provided for

the flow of heating gases ‘ﬂnng and across
said tubes.

%4, A boiler comprizing an upper and two
lower drumsz, and two banks of tubes esch
cennecting said upper drum to oné of said
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lower drums, in combination with a heating
chamber inclosing said banks ef tubes, and
having a dividing baffle wall between said
banks of tubes and means for supplying beat-
ing gases on one side of aaid wall and sn off-
tuﬁe on the other side thereof, and transverse
and longitudinal baffles for each bank of
tubes, staggered openings between said

longitudinal baflles being provided for the

10

flow of healing gases along and across said

_ tubes. .
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95. A boiler comprising an upper and two
lower drums, and two banks of tubes each
connecting said upper.drum to one of said
lower drums, in combination with a heating
chamber inclosing said banks of tubes, ha¥-
ing a dividing baffie wall between said banks
of tubes and an off-fake on one side thereof,
a furnace outside of said chamber connected
thereto on the other side of said wall, and
upper and lower transverse baflles and longi-
tudinal bafes for each bank of tubes, stag-
gered openings between said longitudinal
bafiles being provided for the flow of heat-
ing gases along and across said tubes.

56 A boiler comprising an upper and two

lower drums, and two banks of tubes each |

connecting said upper drum to one of said
lower drums, in combination with a heating
chamber inclosing said banks of {ubes and
having a -dividing bafile wall between said
banks of tubes, upper and lower transverse
bafiles and longitudinal baffles for each bank
of tubes, staggered openings befween said
longitudinal buflles being provided, said
heating chamber having on one side of said
dividing wall an inlet for heating gases lo-
cated below the lower transverse baflle on
that side, and having on the other side of
caid wall an off-take located below the lower
transverse baffle on that side, said chamber
having also a passage above said upper
transverse bafiles connecting the two sides of
said chamber.

97. In a boiler, a tube shect of curved
confignration, having series of continuous
steps,. and unstepped plain surfaces inter-
vening between each of said series, a sec-
tion taken through said series of steps in-
tersecting at the freads and risers thereof a
brojected section of the curved sheet taken
%)c'tween any two of said series of steps.

98. A boiler-drum having its tube-engag-
ing sheet curved in conformity to the re-
mainder of the drum, and having in its sur-
face a plurality of series of steps, for the
“reception of the boiler-tubes, all the steps of
each series being directly connected, one to
another, the extreme opposite edges of each
step being on opposite sides of the mean
curvature of the drum, which mean curva-
ture is maintained belween said series to
form transverse spaces for fatilitating the
insertion and withdrawal of the tubes.

99. A boiler-drum having its tube-engag-
ing sheet curved and formed in its surface
with a plurality of series of steps, for the
reception of the Loiler-tubes, said series of
steps being separated by transverse spaces
which facilitate the insertion and with-
Jrawal of the tubes, the general slope of
each series of steps conforming to the car-
vature of the tube sheet at said {ransverse
spaces, and the extreme opposite edges of
each step being on opposite sides of such
curvature. v

50. A beiler-drum having its tube-engag-
ing sheet curved in conformity to the re-
maining portion of the drum, and having in
its surface a plarality of series of steps, for
the reception of the boiler-tubes, the gen-
eral slope of cach series of steps cenforming
to the cylindrical portions of the drum in-
tervening Letween said series of steps, said
intervening portions focilitating the 1nser-
tion and withdrawal of the tubes, '

31. Tn a water tube boiler, a plain drum
having separate tube landings formed
therein, in paraliel rows, and so arranged as
fo leave scfficient space between the adja-
cent transverse rows for the insertion or
withdrawsl of the tubes from cither .side
of o row without the use of manholes, as
deseribed. ) :

39. In a water tube boiler, a plain drum
having parallel rows of separate circular
tube landings formed partially above and
partially below the drum face, and so ar-

anged as to leave sufficient space between
the adjacent transverse rows for the inser-
tion or withdrawal of the tubes from either
cide of a row withont the use of manholes,
as described. . .

33. In a boiler, the combination with a
ceries of tubes arranged in groups, each
comprising a plurality of rows, the spaces
between groups being wider than the spaces
between adiacent tubes of a group, of longi-
tudinal bafiles located on opposite- sides of
zaid series of tubes and obstructing alter-
nate spaces between groups, but leaving
open the intermediate. .spaces between
groups, such open spaces on opposite sides
of tho series being staggered,

34. In a boiler, the combination with a

sories of tubes arranged. in groups, each

e e i

Detween groups being.wider than the spaces
between adjacent tubes of a group, of longi-
tudinal and transverse baffles for said tubes,
the longitudinal baflles being located be-
tween the transverse baffles and on opposite
sides of said series of tubes, and obstructing
alternais spaces belween groups, but leav-
ing open the intermediate spaces between
| eroups, such open spaces on opposite sides of
{he serics of tubes being staggered, and &
heating chamber inclosing said tubes and
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toward the openings between longitudinal
Lafles on one side of the geries of tubes.

35. In a boiler, the combination with a
corics of tubes arranged.in groups cach
comprising a plurality of rows, the spaces
hetween groups being wider than the space
between adjacent tubes of a group, of trans-
verse baflles loeated in such spaces hetween
groups, the spaces helween rows being open.

36. In a boiler, the combination with par-
allel tubes, of one or more baflles arranged
hetween and transversely of satd tubes, and

held in place by spring-acilon of «aid tubes |

fitting tightly thereagainst.

97. In a boiler, the combination with par-
allel rows of iubes, of ons or more bafiles
arranged between and {ransversely thereof

271 . ‘ O

<

provided with means directing heating gases | and grooved or corrugated on sides adja-

L cent o said tubes, said baflles fitting tightly
L aeninst the adjacent tubes and held in place
by spring action of said tubes.

2. In a boiler, the combination with a
plurality of tubes, of & bafile-wall compris-
ing sections narrower at one end than at
ihe other. the narrower ends of <aid sec-
{ions longer than the wider ends thereof,
caid sections arranged in series with their
wide and narvow faces alternately on oppo-
sile =ides of said tubes,

In testimony whereof T hereunto affix my
signature. in the presence of twe witnesses.

GODFRIEY ENGEL.

Wilnesses: B
! T M. Maksue,
i K. . AMeTaroy,
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