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JAMES G. COOPER, OF CINCINNATI, OHIO.

STEAM-GENERATOR.

SPECIFICATION forming part of Letters Patent No. 558,778, dated April 21, 1896,
Application filed May 3, 1894, Renewed December 31, 1895, Serial No. 573,970, (o model.) I

To all whom it ma J COTLCCTTL:
I3e 1t known that I, JAME

of 01110 have invented new and useful Im-

prmfements 1n Steam - Generators, of which

the following is a specification. |
This invention has for its object to provide

‘a new and improved steam-generator of that

type wherein the chief or prmelpal surface is

composed of a plarality of water-tubes in-

clined downwardly from front to rear of the
furnace structure or brickwork,
lower ends of the tubes. connected to a mud-
drum and the upperends communicating with
a vertically-arranged water-leg connected to

(delivered.

vide a new and improved construction of
water-leg

e&pamty of the tubes and a better and more

-efficient release of the steam is secured.

The invention also has for its object to pro-
vide new and improved means for obtaining

-adequate and rapid circulation of the water

and a larger or more extended steam-releas-

1ng space where the water-leg joins the drum |
or cylinder for the purpose of making dry

steam and delivering it in greater volume into

so that the steam can pass into the drum or
cylinder without interference from water con-
tained therein, by which better results and a
superior ﬂ*enemtor are obtained.

- The mventwn also has for its object to pro-
videnew and improved means for introducing

the feed-water into circulating stand-pipes

and to the mud-drum and causing the water
to ascend from the mud-drum, either. into the

lower gang of water-tubes, which are nearest

the 1]

header, whereby minerals, salts, and sedi-

‘ment in the water will be trapped and de-
posited 1n the mud-drum and prevented from

entering into the circulation through the
water- tubes, and whereby the feed- Water in

its coldest condition may be directed to the
hOtto%t tubes when the hoiler i is forced to a |

. s (. OOOPER, a.
- ¢itizen of the United Smteq residing at Cin-
cinnati, in the county of IIszllton and State

with the

, Whereby itis suited specially to the

the water-level,

re and connect with a header‘ or into the
upper gang of water-tubes, which are farthest
from the fire and eonﬂeet with the same

L B R EEE T

point liable to overheat the lower gang of
tubes.

 The invention also has for its ObJ ect to pro-
vide simple and efficient means for causing

‘scum or 1mpurities on the water-surface in
| the steam drum or cylinder to descend and

deposit.in the mud-drum. -
The invention also has for its object to pro-
vide new and improved means for conven-
1ently and rapidly removing soot, ashes, and
other matter from the extern&l surtaces of the
water-tubes, whereby the expense, inconven-

ience, and labor heretofore incident to this

operation are avoided, and the numerous
steam-hose or pipe- ijenmﬂs ordinarily pro-
vided in other furnace structures to keep the

water-tubes cleaned exteriorly are unneces-
| sary.
The invention also has for its object to pro-

The invention also has for its ob,]ect tu:} oen-
erally i Improve steam- generators of the chm—
acter alluded to, whereby they are rendered
more efficient and useful and susceptible of

L

| being more economically manufactured and

assembled 1nto position for practical work.

- To accompllsh all these objects, my inven-
tion consists in the features and the combi-

nation or arrangement of parfs hereinafter
described and elmmed reference being made
to the accompanying dl"&Wle"S n Whleh--—-

Figure 1 is a longitudinal Sectlonal elevas-
tion of a steam- Denemtor embodying my in-
vention. Kig. 2 18 a vertical sectional view
taken on the.line 22, Fig. 1. Kig. 3 is a de-
tail perspective view of the diaphragm de-
vice detached from the mud-drum 1‘0 -more
clearly show its construction. FKig. 3*is a
cross-section through the mud- drum I‘:tn
1s a detail 1101*1;5011‘[&1 sectional view mlxen on
the line 4 4, Fig. 2. Fig. 5 is a sectional ele-
vation of the front end portion of the steam-
generator. FKig. 6 is a detail sectional side
elevation of the same. Iig. 7 is a longitu-
dinal sectional elevation 01: a steam-genera-
tor, showing amodified arrangement of parts.
Fig. S 18 a d‘eta_il' rear end elevation of the
same. Kig. 9 is a detail vertical sectional

view showing one of the stoppers for the holes

in the water-leg. IKig. 10 1is a front elevation
of the same. Fig. 11 is a detail view of the
stopper, showing the securing-bolt in section:

and Kig. 12 18 & dm t*mn of a modified form
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~ - of water-leg in {Jonneetlon with a single drum.

or cyhndel‘- | |
In order to enable tho&,e Slﬂlled in Lhe art

drawings, wherein—

IO

tions required. The front porlion is prefer-

ably made of plate iron or steel, to which the

door-mounts are attached, and the horizontal
drums or ¢ylinders 3 are suspended by means

-of strap-bolts 5, secured to light horizontal -
channel-beams 0, supported by suitable verti- |

cal channel-beams, the construction being

such that cons:ldemble welght can be prop--

| _elly supported.

20

. Thefurnacestructure 1113,3:’ be prowded with
~anysuitable meansforheating the generator, -

but, as here illustrated, an ord_inm*y grate or

- fireplace 7 18 provided, and above the same

30

1sarranged the water-tubes,whicharedivided
' S and an upper gang 9.
The water-tubes ineline downwardly from the
front to the rear, and at the rear they are con- |
 nected to a header 10, while at their upper
ends they econnect with the inner plate or wall
~of an approximately vertical water-leg 12, |
- which graduallywidens from its base orlower

end to1ts upper end, where it is joined to and -

into a lower gang

communicates with the drums or cylinders.
. By gradually enlarging the front water-leg

~ from its base to its upper portion, as described
-~ and shown, the circulation is greatly assisted,
andthe water-leg iswell suited tothecapacity

| 325_

40

45

50

55

60

of the tubes, because the size of the water-leg
increases 1n depth from front to rear and an
increasing space for the release of steam is
thereby provided.

The width of the water-leg from side to

. side of the generator is such that its sides or

ends 1nclose the greater portions of the di-
ameters of the drums or cylinders and pro-
vide enlarged chambers 13, FFig. 5, which ex-
tend above the water-level in the drums or
cylinders, and thus secure a large or extended

steam-releasing space where the water-leg

joins sald drums or cylinders, so that dry
steam 18 made and delivered in a larger vol-
ume into the drums or cylinders at points
above the water-level. By this means I con-
stantly maintain the requisite area or releas-
img-surface forsteam, which greatly promotes
circulation and conduces to the production
of dry steam. In this connection it is proper
to state that this feature of the invention can
be utilized 1n connection with a single drum
or cylinder, as 1ndicated by the diagram Fig.
12, where the numeral 14 indicates the water-
leg, and the numeral 15 the single drum ov
cylinder.

It will be obvious from an inspection of

the diagram that the width of the water-log
14 1s greater than the diameter of the drum
or cylinder, and its sides are approximately
vertical from the base to near its top, thereby
providing the side chambers 16 to secure the

large or extended steam-releasing space into

_the dram or eylmder al a 1:)011113 a,bove the
t | water-level therein. |

to make and use my invention, 1 will now"
describe the same in detail, 1*ef01'*1*mf> to the -

- The front and rear Shee‘[f; or plates Of ‘Lhe- .-
‘water-leg may be connected and stayed in
| the usual manner through the medium of
The numeml 1 indicates a furnace Struc- | | |

Lul‘e of any material suitable. for the condi- |

suitable stay-bolts or otherwise.
The front sheet or plate of the water-leg is

wardly to form: annular lips or

75
provided with a series of hand-holes coinecid-
ing with the front extremities of the water-

| ‘tubes,- and the edges of the holes are bent in-
langes, as at:
17, Fig, 9, each of which is designed to seat

30

against an annular packing 18, G'ompesed' of .
lead or an alloy, or other soft metal or mate- -

rial, arranged in an annular groove 19 1n the
| d1sk slmped stopper 20, s0 that when the stop- -
per 18 clamped 1n poswmn a perfect steam
-and water tight jointis provided. o
“per-1s pr O.V:Lded with a shoualder 21 andanen- - -
larged recess 22, adapted to receive the head
23 of a bolt 24 in such manner that the head
of the bolt can be readily engaged with the
shoulder 21.

The sto;

proper openings 27, Fig.
tachable when it 1s desired to internally clean
the tubes.

The furnace structure or brickwork 1s con-
structed in each side with longitudinal cham-
bers 27%, Fig. 5, in which are arranged a series
of steam-delivery pipes 28, each provided at
Intervals along its length with a series of slots
or jet-orifices 20, IFig. 6, which coincide with

openings or recesses formed in the furnace

structure or brickwork direetly in front of the
slots or jet-orifices, in such manner thatsteam
discharged from the slots or jet-orifices 29
will spread and effectually remove all sooft,
ashes, and other matter from the exterior sur-
face of the water-tubes. The pipes 28, and
the recesses containing them, are preferably
arranged at the same angle of inclination as
the water-tubes, and the slots or jet-orifices
In one pipe alternate with those in the two
adjacent pipes, whereby the water-tubes are
acted on throughout their length, and the best
results are attained by very simple means.
The pipes 28 connect at one end with an in-
ciined cylindrical header 29, Ifig. 5, having a
a pipe connection 30 with the steam-space of
one of the drums or cylinders 8. The steam
may, however, be otherwise supplied to the
pipes 28. DBy locating the pipes in the brick-
work or setting they are effectually protected
from the hot gases, and I entirely avoid the
numerous holes ordinarily formed in the fur-
nace-walls for cleaning purposes, and also

The stop-

- The

90
Thebolt extends through acen-
tral orifice in a spider or triple-armed clamp-
plate 25, and a nut 26 i1s serewed on the bolt .
to bear against said spider or clamp-plate,
“whereby the stopper can be rigidly clamped
in p0%1L1011 with the lead or similar pac.
18 against: the lip or flange 17.

ging
Oper.

| 1s formed with ‘a: convex projecting center -
| which approximately fills the hand-hole i1n
‘thefront sheet or plate of the water-leg.
stopper can be introduced, as usual, through
5, and 1s readily de-
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avoid 11.1‘01*0(11101112“ steam hose or pipe throunh
, while the generator can be
SO convemenﬁly cleaned from soot and ashes

Oy simply opening the valve 31, Fig. 1, that

the attendant is not likely to permﬁ soot and

ashes to accumulate until compelled to re-

move the same to generate sufficient steam.
The commumca,twn between the large and

extended steam-releasing spaces or chmnbers

13 or 16 and the drums or cylinders, one or
more, 18 preferably effecled by providing the
shells of the drums or cylinders with a series
of perforations 32, Figs. 5 and 6, some of which

arelocated above the water- level in the drums

or cylinders.

The header 10 is composed of a 1901:&1:1{}‘111&1’*

shell having partitions 83 near its sides, wlueh
are so arranged as to provide two ascendmﬁ
water-channels o4, one at each side of the
shell. The p&rtlmons terminate some dis-
tance below the top wall of the shell to provide
lateral passages 35, Fig. 2, through which the
water can
J of water-tubes. The shells composing the
head also contains a horizontal partition 36,
which cuts off communication between the
lower ends of the gang 9 of water-tubes and
the lower ends of the gang 8 of said tubes,

“and the space below the pm"tltmn 36 commu-

nicates with the transverse horizontal mud-

drum 37.

The mud-drum ma}? be of any desired form

1n cross-section, but is preferably in the form

of a cylinder, ::md its ends extend through
the side walls of the furnace structure and
connect by circulating stand-pipes 38 and 39
of large capacity with the drums or cylinders

i)

3. The circulating stand-pipes are provided

with feed-water- 1n1et connections 40 and 41,

either of which can be utilized for 111Lr0due~
ing the feed-water. The pipe 39 is extended
into one of the drums or eylinders and has
1ts receiving-mouth 42 arranged horizontally

at about the water-level in tlle drum or cyl-
Jinder, so that scum and other light floating

.:'_m")urltles will be drawn down and deposﬁe(l
in the mud-dru
phragm or partition 48 arranged therein and
forming part of or &ttached to an approxi-
nmtely vertical diaphragm or partition 44,
which extends substantially the full lenﬂLh
of the mud-drum, while the partition or dm-—
phragm 43 is of less length and terminates
at suchpointasto 131*0v1de a passage 45, sothat
when the feed-water is ]11131"0(111166(1 th ough
the stand-pipe 39 it will flow down into the
mud-drum and horizontally beneath the dia-

phragm or partition 43, and thence through

the passage 45 to the header 10 and into Lhe
6o lower g

gang 8 of the water-tubes.
The apprmumtely vertical diaphragm or
partition 44 is provided at its ends with re-

 feed-water 111131"0(111{:*0{1 through the pipe 3%

will be deflected rearward by the wing 47,
while if the feed-water be introduced throu ﬂ*h

| 'thc plpe 33 16 will be deﬂeeted i'orwm"d by the

ow 10 the ends of Lhe upper gang

time at the will of the attendant.
'importal
‘tion, in that the coldest water can be directed

um beneath a horizontal dia-

wing 46 and pass to the front of the dia-

phragm or partition 44 beneath a horizontal

diaphragm or partition 43*, similar to the

diaphragm or partition 43, which is opposite
the same, whereby the water will flow into
the &seendmﬂ' channels 34 to the passages 35
into the upper gang 9 of water-tubes. -

The mud- drum i is provided with a blow-off

cock 43, I'ig. 1, for cleaning purposes.

The mrculatlnﬂ stand - pipes 38 and 3

greatly promote the circulation and also sewe |

for introducing the feed-water, so that the
feed-water deseends to the mud- drum direct,

‘where it is so baffled by means of the dia-
phragms or partitions that the minerals, salts,

and other impurities are trapped and de-

posited and do not enter into the (311*01113131011

through the water-tubes.

| The connection of the upper gang 9 of the
water-tubes with the mud-drum through the
medium of the large ascending Watel-chml—
nels 84 is importa 1111 in that Ebll sediment is

_ premmtated back to the drum and cannot

rise with the slowly-ascending current to the
uppermost water-tubes.

The feed-water connections 40 and 41 for
the circulating stand-pipes 38 and 39 render
1t possible to 1ntrod11ce the feed-water into

elther stand-pipe or into both at the same
This is an
t and valuable feature of my inven-

to the hottest tubes when the generator is

forced to a point likely to Qver*heat the lower

gang of tubes, which would cause undue ex-

re are baiﬂed by

for the purpose of securing the best results
from the gases of combu::blon and causing

all the tnbes to - be completely surrounded by

these gases. The baffling-plates more effec-

.tlmlly distribute the heat, and therefore the
water-tubes are rendered more durable.
parts are all construeted so that they can be

The

readily manufactured and assembled, and it
is possible to economically set generators or
boilers to secure the best results

In the generator thus far deseribed the
drums or cylmders 3, one or more, extend

from front to rear of the furnace, or rather

i run in the same longitudinal pla,ne as the
water-tubes, but in the modification, Figs. 7
and 8, the drum or ¢ylinder 3° e:atends tmns— |
versely or from side to side of the furnace
structure.

In Figs. 7 and 8 the same refer-
ence-numerals 111{:11(3&‘(6 parts corresponding

to those hereinbefore explained bv the same

reference-numerals.
The water-leg, the header, and the mud-

drum are all constructed substantmlly the

same as described with reference to the other

figures; but the circulating and feed-water

pipes 38* and 39* are 11101111@(1 from the drum
or cylinder 3* to the mud-drum, and these

70

75

30

go

95

| Jele

pansion and permanenﬂy set these tubes, so
that they would be imperfect in operatmn
In the practical use of the improved gen-
erator the flames from the fi
Dbaffle-plates inserted between the water-tubes

ros
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pipes are provided with feed-water-pipe con-
nections 40* and 41°.
same as before described, and therefore fur-
ther explanation of the modificationis deemed
unnecessary. |

In the construction exhibited by kKigs. 7
and 8 it is designed to use the steam-pipes .
ices and connections
for the purpose of keeping the water-tubes
clean by removing soot, ashes, and other mat-
| nels and separating the water-tubes into an

with their slots or jet-ori

ter from the exterior surface thereot.

In my improved generator the pitch of the
water-tubes is largely increased, and 18, pret-
erably, about three inches to the foot, which
insures good circulation.

- The improved construction secures a large
releasing-surface for the steam in proportion

to the fire-surface, and the result is economy
in the consumption of fuel with increased ef-
ficiency and capacity, while all back circula-

tion through the upper water-tubesis avoided

and large quantities of dry steam can be read-
ily produced.

Having thus described my invention, what

I claim 1s— |
1. The combination with a drum or cylin-

der, and a plurality of water-tubes, of a wa-
ter-leg having a width greater than the di--
ameter of the drum or cylinder and rising

along opposite sides thereot to provide steam-
releasing chambers or spaces which extend
above the water-level and communicate with
the interior of the drum or cylinder above
said water-level, substantially as described.

2. The combination with a drum or cylin-
der, and a plurality of water-tubes, of a wa-

ter-leg gradually widening in depth from 1ts

“base to its top and having a width greater

than the diameter of the drum or cylinder
and rising along opposite sides thereof to pro-
vide steam -releasing chambers or spaces
which extend above the water-level and com-

municate with the drum or ¢ylinder above

said water-level, substantially as described.

3. The combination with a drum or cylin-
der, and a plurality of water-tubes, of a wa-
ter-leg eradually widening in depth in an up-

ward direction and rising along opposite sides
of the drum or cylinder to provide steam-
releasing chambers or spaces which extend
above the water-level and communicate with
the drum or cylinder above said water-level,
a header at the rear ends of the tubes, a mud-
drum connected with the header, and circu-
lating-pipes extending from the drum or ¢yl-
inder to the mud-drum, substantially as de-

- seribed.

6o

4. The combination with a drum or ¢ylin-

der, and a plurality of water-tubes, of & wa-
ter-leg gradually widening in depth in an up-
ward direction and rising along opposite sides
of the drum or cylinder to provide steam-
releasing chambers or spaces which extend
above the water-level and communicate with
the drum or cylinder above said water-level,
a header at the rear ends of the tubes, a mud-

~drum connected with the header, and circu- |

The operation 1s the

4 | 558,778

lating-pipes extending from the drum or eyl-
inder to the mud-drum and each provided
with a feed-water-pipe connection for intro-
ducing feed-water into either or both of said

| eirculating-pipes, substantiaily as-described.

5. The combination with a drum or c¢ylin-

der, a water-leg, and a plurality of water-
tubes, of a header connected with the rear

ends of the water-tubes and provided with
internal partitions forming ascending chan-

upper and a lower gang, circulating-pipes
cach provided with a feed-water-pipe connec-
tion, and a mud-drum having 1ts ends con-
nected with the said circulating-pipes and

provided internally with diaphragms or parti-

tions, whereby the feed-water can be directed
either to the lower gang of tubes or through
the ascending channels to the upper gang of
tubes, substantially as described.

6. The combination with a drum or ¢ylin-
der, a water-leg, and a series of water-tubes,
of a header connected with the rear ends of
the water-tubes and provided with partitions

| forming ascending water-channels, and a par-

tition which cuts off- communication between
the rear ends of the upper gang of tubes and
the rear ends of the lower gang of tubes, a
mud-drum having vertically and horizontally
arranged diaphragms or partitions for direct-
ing the feed-water either into the lower gang
of tubes or into the ascending channels to the
upper gang of tubes, and means for intro-
ducing feed-water into either end of the mud-
drum, substantially as described.

7. The combination with a drum or cylin-
der, a water-leg suspended therefrom, and a
series of water-tubes, of a header connected

with the rear ends of the water-tubes and pro-

vided with partitions forming ascending wa-
ter-channels, and a partition which cuts off
communication between the rear ends of the
upper gang of tubes and the rear ends ot the
lower gang of tubes, & mud-drum having 1ts

furnace structure and provided internally
with diaphragms or partitions arranged to
direct the feed-water either into the lower
cang of tubes or into the ascending water-
channels, and circulating - pipes connected
with the outer ends of the mud-drum and
each provided with feed-water-pipe connec-
tions, substantially as described.

8. The combination with drums or cylin-
ders, a water-leg connected therewith, and a
plurality of water-tubes, of a header connect-
ed with the rear ends of the water-tubes and
provided with partitions forming ascending
water-channels, and a partition which cuts
off communication between the rear ends of
the upper gang of tubes and the rear ends of
the lower gang of tubes, circulating-pipes
leading from the drums or cylinders and cach

provided with a feed-water-pipe connection,

and a mud-drum having its ends connected
with the circulating-pipes and provided in-
ternally with diaphragms or partitions,where-

8o
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stantially asg deseribed.
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by the feed-water from one circulating-pipe
can be directed into the lower gang of tubes,

and the feed-water from the other pipe be di-
~ rected into the ascending channels to the up-

per gang of tubes, substantially as deseribed.

9. The combinatioh with a drum or eylin-
der, a water-leg connected therewith, and a
plurality of water-tubes, of a header provided
with internal partitions forming ascending

water-channels, and a partition which cuts

off communication between the rear ends of

‘the upper gang of tubes and the rear ends of

the lower gang of tubes, 'Water-eireu'_lating
pipes each provided with g feed-water-pipe

~connection, and a mud-drum having its ends

connected - with the said circulating-pipes and
provided internally with an approximately

vertical partition having opposite- approxi-

mately horizontal partitions of less length
than said vertical partition for the purpose
of enabling the feed-water introduced by one

~pipe to be directed into the lower gang of
tubes, and the feed-water 1introduced by the
~other pipe to be directed into the ascending

channels to the upper gang of tubes, sub-

10. T'he combination with a drum or eylin-

~der, a water-leg, and a plurality of water-
~tubes, of a header connected with the rear

30

ends of thewater-tubes and provided with

partitions forming ascending water-channels,

and a partition which cuts off communication
between the rear ends of the upper gang of

- tubes and the rear ends of the lower gang of

35

40

45

steam-pipes located in saic
- vided with slots or jet-ori

tubes, circulating-pipes each provided with a
feed-water-pipe connection, and a mud-drum
having its ends connected with said circulat-
Ing-pipes and provided internally with an ap-
proximately vertical diaphragm or partition
having reversely-inclined wings at its ends

‘ana approximately horizontal partitions on

1ts opposite sides, substantially as deseribed.

11. In a steam-generator, the combination
with the water-tubes arranged one above an-
other and inclosed by the furnace structure,

of a series of chambers formed one above

another in the furnace structure, a series of
.chambers and pro-
ces arranged to de-
liver steam along the length of the said water-

ad

~ tubes for removing soot and ashes from all
- the tubes along their entire length, and means

for introducing steam into the

_ said pipes,
substantially as described. g

stantially as described. .
~13. The combination with a drum or cylin-
der, a water-leg, and a plurality of water-
tubes, of a header connected with the rear

- 12, In a steam-generator, the combination
with water-tubes arranged one above another
and inclosed by the furnace structure, of a
series of chambers formed one above another
in the furnace structure, a series of steam-
pipes located in said chambers and having

slots registering with recesses in the inner

sides of the furnace structure and arranged
to deliver steam along the length of the water-
tubes for removing soot and ashes from all

the tubes throughout their length, and means

for introducing steam into said pipes, sub-

ends of the water-tubes, a mud-drum con-
nected with the header and provided with in-

ternal diaphragms for baffling the feed-water,
and a circulating water-pipe having its upper

end opening into the drum or cylinder at the
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water-level, and its lower end connected with

the mud-drum, substantially as described.

14. The combination with a drum or eylin-

der, a water-leg, and a plurality of water-

tubes, of opposite circulating-pipes each pro-
vided with a feed-water-pipe connection, a
mud-drum, and a header provided with means
whereby the feed-water from one circulating-
pipe can be directed into a lower gang of
water-tubes, and the feed-water from the

-other circulating-pipe can be directed into the

upper gang of water-tubes, substantially as
described.

of a generator, of a header having partitions
forming ascending water-channels, and a par-
tition which cuts off communication between
the upper gang of tubes and the lower gang

~of tubes, a mud-drum provided with internal

diaphragms or partitions for directing water

either into the lower gang of tubes or into the

ascending channels to the upper gang of

‘tubes, and means for introducing feed-water
into opposite ends of the mud-drum, sub-

stantially as described. -

~ In testimony whereof I have hereunto set

my hand and affixed my seal in presence of

two subscribing witnesses.

JAMES G. COOPER. [L.s.]

~Witnesses:
G. W. REA,
THOS. A.'GREEN.;'
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- 15. The combination with the water-tubes
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