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PAaTENT OFFICE.

GODFREY ENGEL, OF SOUTH BALTIMORE, MARYLAND.

SECTIONAL STEAM-BOILER.

 SPECIFICATION forming part of Letters Patent No. 496,153, dated April 25, 1893,
| Application filed November 21, 1892, Serial No. 452,719, (No model.)

To all whom it may concermn:

Be 1t known that I, GODFREY ENGEL, a citi-
zen of the United States, residing at South
Baltimore,in the county of Anne Arundel and
State of Maryland, have invented certain new
and useful Improvements in Sectional Steam-
Boilers; and I do hereby declare the follow-
ing to be a full, clear, and exact deseription
of the invention, such as will enable others
skilled in the art to which it appertains to
make and use the same.

My invention relates to boilers and to that
class of sectional steam boilers in which a hori-
zontal steam and water drum is suspended
over a suitable furnace, and inclined gener-
ating tubes are arranged 1n series under said
drum, being connected with the drum by suit-

able pipes or headers, so that water from the

drum circulates through these inclined gen-
erating tubes, around which the furnace gases

.are caused to pass on their way to the stack;
and my invention relates particalarly to a

method of securing a more thorough and ef-
ficient circulation of the water within such
pboilers,and it consists in the novel means em-
ployed for thoroughly heating the feed water
of the boiler before it is permitted to mingle
with the main body of water contained within
the steam and water drum, in the means em-
ployed for causing a rapid circulation of the

water within the boiler, and in the meansem-

ployed for producing a thorough precipita-
tion and deposition of all sediment carried
by or incrusting salts held in solution in the
feed water, into a suiltable mud drum.

The objects of my invention are: first, to

provide means for insuring a more efficient
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and thorough circulation of the water eon-
tained in boilers of the class above mentioned,
therebyincreasing their efficiency, promoting

regularity in action, and preventing priming;
second, to provide for the introduetion of feed

water into the boiler in such a manner that
it may become thoroughly heated before it is
brought into contact with the water within
the steam and water drum, thereby avoiding
the dangerous and troublesome local stresses
due to feeding cold water directly into such
steam and water drum, as is quite commonly
the practice with boilers of this class, with-
out the use of a separate feed water heater;

and deposition within a suitable mud drum -

of all sediment, solids, and inecrusting salts
contained within the water, so that inerusta-
tion of the generating tubes may be avoided.
These objects are attained in the boiler herein
described and 1illustrated in the drawings
which accompany and form a part of this ap-
plication, in which the same reference letters
and numerals indicate the same or corre-
sponding parts, and in which:—

Figure 1 is a vertical longitudinal section

of a boiler embodying my improvements.
Fig. 2 1s a front end view of a double drum
boiler, the iron front on the right half of

the boiler being broken away so as to show

the brick setting of the boiler, the headers
which connect the inclined generating tubes
with the steam and waterdrum, and the sad-
dle-shaped box with which the headers are
directly connected. Fig. 3 is a detail side
elevation of the front headers and generat-
ing tubes, showing particularly the auxiliary
headers to which the circulating tubes, to
be hereinafter mentioned, are connected, and
showing the means employed for closing the
apertures in the fronts of the headers. Fig.
4 18 a similar view, in which, however, the
headers are shown as sectioned vertically.
Fig. 6 1s a sectional view showing the screw-

cap and nipple closure which I adopt in this

boiler for closing the apertures in the fronts
of the headers. Fig.6 isasimilar view show-
ing a modification in the serew-cap used by
which I am able to use a fusible plug in con-
nection with the screw-caps, which will fuse
in case of overheating of the tubes and head-
ers and relieve the pressure in the boiler,
thus preventing accident.

In the drawings, A is the horizontal steam
and water drum, of which in Fig. 2 there are
two. |

I3 is the brick setting of the boiler.

The drum A is hung from suitable girders
U, G, extending transversely across the boiler,
which girders may rest on the brick setting B,
or, as1s more commonly the case, may be sup-
ported from colummns D, D, walled in within
the brick setting. Below the steam and wa-

ter drum A are theinclined generating tubes
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K, K, which are so placed, as will be seen, -

that the furnace gases circulate around and

third, to insure the thorough precipitation | between these tubes on their way to the stack.
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These tubes are arranged in vertical series,
the alternate tubes of each series being stag-
gered, as shown in Fig. 2, and all the tubes of
each vertical series are expanded into aper-
tures of a zig-zag header which is common to
them all. There are two of these headersfor
each vertical series of tubes, one at the front
of the boiler, lettered F, and another at the
rear of the boiler, lettered G. The construc-
tion and arrangement of these headers are the
same as that of a type of boilers commonly
in use, and known as the DBabcock and Wil-

cox type, so that no particular description of

these headers 1s here necessary.

To the bottom of the steam and water dram
A, at a point opposite the tops of the front
headers, is attached a saddle shaped box H,
which is placed in communication with the
interior of the drum A either by cuttingaway

or by perforating the shell of the drum at the

point of connection of the saddle. To this
saddle the headers F, I, are connected by
pipe-nipples I, shown in Figs. 1, 3, and 4, the
pipe-nipples being expanded into apertures
in the saddle and headers.

To the rear end of the drum A, at a point
opposite the tops of the rear headers, (3, is se-
cured a saddle K, similar to the saddle H, and
the rear headers are connected tothis saddle,
and so to thedrum A, by means of nearly ver-
tical pipes L, which are likewise expanded

into apertures of the headers Gand saddle K.

By means of these pipe-nipples I and pipes L
the front and rear headers and the generat-
ing tubes are suspended from the drum A,
care being taken in erecting the boiler that

these tubes and headers do not come in con--

tact with any portion of the boiler setting, so
that all the parts of the boiler may be free to

“expand and contract with changes of tempera-

ture.
In the front faces of the headers F, and in

the rear faces of the headers G, at points op-
posite the ends of the generating tubes E, E,
are apertures so situated as to permit of aec-
cess to the generating tubes for the purpose
of cleaning and repairs. . Intotheseapertures
are expanded pipe-nipples M, M, having an
internal diameter somewhat greatm thz—m the

externaldiameterof the generating tubes,and.

these pipe-nipples are closed by serew-caps N,

N. These screw-caps and nipples, together

form what are in effect plugs for closing the
openings in the headers.
nipples are somewhat larger than the gener-
ating tubes E, B, it 18 possable throun'h these
nlppleq to gain access to the tubes for the pur-
pose of eleamnrr or for removing defective
tubes and replacing others. Screw-caps of
the ordinary character may be used for clos-
ing the nipples, as shown in Fig. 1,but I pre-
fel to use a special form of screw-cap shown
in FI“" 5, or the modified form shown in Fig.
6. This form of screw-cap has an mwardly
extending portion 1, having alength substan-
tially the sSame as that of the mpple which the

screw-cap closes, and with a closed end of a

Inasmuch as the

496,153

diameter nearly as great as that of the nip-

ple. Thisinwardly extending portion 18 pref-

erably hollow, as it is then not only lighter,
but more able to withstand changes of tem-
perature. In the outer end of the serew-cap
is a square hole,2,into which may be inserted
an end wrench when it is desired to tighten
or loosen the screw-cap. The advantage de-
rived by using this form of screw-cap with the
inwardly extending portion 1 is that by this
means the inner surfaceof the headeris kept
practically smooth, so that there are no de-
pressions tending to form eddies, which will
obstruct the circulation, or in which dead
water may collect. Still another important
advantage of this form of serew-cap is that it

admits of the ready introduction of fusible

plugs into the headers of sectional boilers, a
screw-cap provided with a fusible plug being

shown in Fig. 6, in which the end of the in-

ward projection 1 of the screw-cap has in it
an aperture 3, while within this inward pro-
jection 1 and closing the aperture 3 is a plug,
4, of some fusible alloy, which will fuse at a
temperature higher than that of the steam at
the pressure at which it is designed to use the
boller, but lower than that at which the parts
of the boiler begin to weaken to a dangerous
degree. In boilers of the sectional class, be-

| cause of the small amount of water contained

within the steam-and-water drum in propor-
tion to the area of heating surface, consider-
able changes in the water level of the boiler

occur with ecomparatively great rapidity. If,
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then, the boiler does not receive the properat-

tention thewaterlevelisliable tofall below the
limitof safety,and overheating of the generat-
ing tubes and headers occurs. By the use of

this fusible plug 4 inserted in the screw-cap

N, however, 1 remove all danger of explosion
due to overheatmw of the headers and gener-
ating tubes, inasmuch as before the headers
and tubes can have become so overheated as
to be in a dangerous condition, these fusible
plugs will melt and allow the escape of the
steam within the boiler,at the same time giv-
ing the attendant warning of the dangerous
condition of the boiler. It will likewise be ob-
served that the form of thesecr ew-capand the
position of the fusible plug within it are such

that the furnace gases donot come in contact

with the surface of the fusible plug. Thisis
important, as it frequently happens where

furnace gases are permitted to come into con-

tact with the fusible plugs of boilers, that the
physical characteristies of the metal are so
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altered that its melting point is raised to a

very considerable degree, and it ceases to al-
ford any security whatever.

Within each rear header, G, is a partition,
5, extending from the top of the header nearly
to the bottom. This partition is perforated,
at points opposite the ends of the generating
tubes, to correspond with the openings in the
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end of the header, so that access may be had '

through these openings to the tubes. These
openings in the partition may if desired be
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‘point above the normal water level.
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closed by pluﬂ‘s or in any other suitable way,.
though it is not necessary that the openings.

be elosed twht]y, or even that they shall be

closed at all, since the partition merely serves
the purpose of aiding circulation.

Below the rear headers G, and communicat-

1ing with them by suitable pipe-nipples, is a
mud drum, O, of suitable construction. This
mud drum issuspended from the rear headers
by the pipe-nipples which connect it with the
headers, and does not come in contact with
the boiler foundation. Suitable hand-holes,

not shown, are provided for removing the

sediment which collects in this mud drum.

The saddle H is divided into two ch&mbers‘-
- Where

by a vertical transverse partition 6.
the shell of the drum A is cut away to place
the saddle in ecommunication with the drum,

as shown in Figs. 3 and 4, this partition 15:
preferably 11veted to the ,saddle, and.extends

up into the drum A to a point above the nor-
mal water level.  Where, however, the shell
of the drum A is merely perforated instead of
being cut away, as descéribed above, the par-
tition 6 may be most readily cast with the
saddle,and within the drum is placed another
partition, forming practically a continuation
of the partition 6, and rising, as before, to
Where
it is desirable in order to secure strength of
the saddle casting, there may be casb in it
webs, either transverse or longitudinal, or

both, connecting and tying together the walls

of- the saddle.

The rear portion of the ﬁaddle H is con-
nected to the headers F by pipe-nipples 1, as
before stated. In front of the headers F 18
another series of headers, P, which are con-
nected to the front portion of the partition I
by pipe-nipples Q, which are expanded into
the headers P and saddle H. The headers P
and F are connected by pipe-nipples, R, in
line with the generating tubes E, K. The
openings in the front of the headers P are
closed by nipples and screw-caps, as with the
openings in the headers F.

Through the generating tubes E E, whmh
couespond to the aper tul es in the hea,dels P,
P, are inserted inner tabes, S, S, which may
be termed circulation tubes. These circula-
tion tubesextend from the headers P, through

the pipe-nipples R, headers I, and through

the generating tubes H to and through the

apertures in the partitions 5 of therear head-
ers (, thus connecting with the Spaces be-
The front ends oif the

hind the paltitionb

~circulation tubes S, S, are provided with

6o

flanges which pr ovent the tubes from sliding

down through the tubes E, and at the same
time prevent water from passinﬂ from the
headers P directly to the headers FF. It isnot
necessary that the joint between the tubes-S

.and the nipples R be absolutely water tight,
since all that 18 necessary i1s that enough wa-

ter shall not leak through to 1nte1fele with
the cireulation of the boiler.

Extending 1enn'thmse of the drum A IS a k

large circulation pipe’l), connected at its front
end to the partition 6, which is apertured at
this point. The pipe issupported at the rear
end by a collar riveted to the bottom of the

shell of the drum A, and fitting loosely over

the pipe, so that expansion and contraction

“of the latter are not impeded. Into the rear

end of the pipe T runs a pipe U, through
which the feed water is admitted to the boﬂer
The feed water passes through this pipe T
into the space in front of the partltlon 6, and

then downward through the pipe- mpples Q

and headers P into the circulation tubes S, D,
then into the headers G, and around the bot-
tom of the partition 5 into the generating
tubes E, and thence upward throucrh these
tubes 1111:0 the headers F and then thmun‘h

the pipe-nipples I into the steam andwater |

drom A. Therear end of the pipe T is open,
so.that the colder water in the drum A will
likewise pass into this pipe T, mixing with

the feed water as it does so, &nd wﬂl circu-

late with the feed water in the manner ;m%t
described; and not only is the efficient circu-
lation of the water within the boiler thereby
assured, but there is no danger that when
the feed waterisshut off the cuculatlon tubes

a | S, S, and the generating tubes E, E, through

W}llch thev run, will become overheated

V is the boiler furnace, 7 the grate bars, and
3 the fire wall. 'T'he products of combustion
pass upward from the grate bars and are then
caused by a fire wall 11 to pass downward be-
tween baffle plates 9 and 10 supported by the

tubes K, and then up again, passing out.

through the flue 12 to a smtable stack.

The operation of my boiler is as follows:—
When the fire is started upon the grate bars
7, the water eontained within the ﬂ'enela,tmni
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tubes E becomes heated,and circulation com-.

mences, the heated water within - these tubes
rising into the headers I, and then into the
steam and water drum A.. To replace the

heated water which has thus risen water from

ITO

the rear of the drum A will flow downward .

through the pipes L into the rear headers Gr,
and around the bottoms of the partitions 5 in
those headers, into the pipes E, and then, be-
coming heated, this water will rise still fal-

ther mto the headels F, and in this way the

circulation will eontmue At the same time
water from the drum A, mingled with the
feed water if any water is. bemﬂ' fed into the
boiler, will pass into the pipe T “and then into

the headels P, through the circulation tubes

S into the rear headers G, and then mound
the partitions 5 into the tubes E,and up into
the drum A. It will be seen that the two

currents of water unite mthout COT‘lﬂlOtI]lO' in.

[I5
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anyway. DBythismeanslIsecure avery 1:;—Lp1c1 :
circulation, resulting in a very uniform and

rapid he’ating of the water. IFor this reason
the temperature of the water and the pressure
of the steam may be raised very rapidly with-
out danger of straining.the boiler through the
unequal expansion of its parts. ‘When feed

130

water is admitted through the pipe U into
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the pipe T, it travels along said pipe, mixing
with the colder portion of the water in the
drum A, which naturally tends to collect with-
in this pipe, and passes into the headers P,
then into the circulation tubes S, through the
tubes S into the headers G, thus passing
through the hottest furnace gases, so that the
feed water is heated ver y rapidly indeed. As
the water thus becomes heated it tends to de-
posit any sediment or incrusting salts which
it contains, but inasmuch as the water flows
with considerablerapidity through these pipes
S the sediment will not lodge within these
pipes, but is carried along by the current into
the headers G, and there settles into the mud
drum O, none of the sediment being carried
up into the pipes E. Itisin thisrespectthat
this boiler differs from other boilers of its
class, which depend for theircireulation upon

tubes corresponding to the tubes L in the |

rear portion of my boiler, and the feed water
is admitted to the steam and water drum in
such a manner that it passes almost imme-
diately into these pipes L, and thence down-

ward into the rear headers and up into the

inclined generating tubes, and so back to the
steam and waterdrum. Itisintended thatin
passing downward through the pipes L the

feed water will become so heated,inasmuch as-

the furnace gases pass around and between
these tubes L, on their way to the stack, that

‘all sediment and incrusting salts carried by
the water will be deposited before the water

passes into the inclined generating tubes,
and will so collect in the mud drum. But in
practice it is found that since the furnace

‘gases by the time they reach the pipes L are

- comparatively cold the feed water is not suf-
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ficiently heated by the time it reaches the rear

headers G to deposit all or more than a por-
tion of such sediment and incrusting salts,
the remainder of this sediment and inecrust-
ing salts passing with the water into the
tubes E, where, since the water there becomes
highly heated all of this matter is deposited.
Buf in order to reach the mud drum this sedi-
ment must now move in a direction contrary
to that-of-the currents of water in the tubes

'E, which’it cannot do to any considerable ex-

tent, so that the sediment accumulates in
these tubes, and by the action of the fire is
baked upon the inner surfaces of the tubes,
thus not only obstruecting the circulation with-

in the tubes, but tending to resist the passage

of heat through the sides of the tubes to the
watertherein, “and thus lowering the efficiency
of the boiler. |

In my boiler I rely principally for circula-
tion upon the circulation tubesS,and might
entirely dispense with the tubes L, the num-
ber of circulation tubes S being pmpmtmned
so as to afford all the enculatmn required by
the boiler. But in boilers of this type it is

‘important that the tubes, headers, and mud

drum shall swing clear of the boiler founda-
tion and setting, so that they may be free to
expand and contract with changes of tem-

‘perature, and for this reason Iretain the tubes

I, the principal funection of which in this
boiler 1s merely to support the rear ends of
the tubes K, the headers G,and the mud drum
O, and the purpose of causing waterfrom the
drum A to circulate through these tubes is

primarily to prevent overheating and conse-
| quent wasting away of these tubes, the part
| which they play in the circulation of the wa-

ter within the boiler being only incidental.
For this reason the pipes I, may with advan-

tage be made smaller than the tubes E, and

smaller than it is customary to make them in

other bhoilers.

Having thus completely desceribed the con-
struction and operation of my improved boiler,

what I claim, and desire to secure by Letters

Patent, is—
1. In a sectional steam boiler, the combina-
tion with a steam and water drum, inclined

jO
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30

generating tubes arranged below said drum,

and headersconnecting the endsof said tubes
and communicating with the steam and water
drum, of circulation tubes connected at their
upper ends with the steam and water drum
and communicating at their lower ends with
the headers at the lower ends of said gener-

-ating tubes, and adapted to conduct the feed
water from the steam and water drum down-

wardly over the grate to the headers at the

lower ends of the generating tubes, substan-
'tlally as deserlbed

2. In asectional steam boiler, the combina-
tion, with a steam and water drum, inclined
generating tubes arranged below said drum,
headers connecting the ends of said tubes and

means for connecting the headers at the up-

per ends of sald generating tubes with the
steam and water drum, of circulation tubes
communicating at theirlower ends with head-
ers at the lower ends of the generating tubes
at their upper ends, and adapted to conduct
the cold water from the steam and waterdrum
over the grate to the headers at the lower
ends of the generating tubes and auxiliary
headers connecting the circulation tubes with
the steam and wafer drum, substantially as

described.

3. In a sectional steam boiler,the combina-
tion, with a steam and water drum, inclined
generating tubes arranged below the said
drum and headers connecting the ends of said
generating tubes, of means for connecting the
headers at the upper ends of said tubes w1th
the steam and water drum, the auxiliary
headers P, and the circulation tubes S con-
necting therewith and likewise communicat-
ing with the lower ends of said generating
tubes, substantially as described.

4. In a sectional steam boiler, the combina-
tion, with asteam and water dram A,inclined
generating tubes E, headers G connecting the
lower ends of said tubes, headers I connect-
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‘Ing the upper endsof said tubes and commu- -

nicating with the drum A, of the auxiliary

| headers P likewise commumcatmg with the
steam and water drum, and the inclined cir-
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culation tubes S communiecating with said | tion, with a steam

headers P and likewise connecting with the
sald headers G, Substantially as deseribed.

. In a sectional steam boiler, the combina-
tion, with the steam and water drum A, the

‘1Inelined generating tubes E, headers G con-
necting the lower ends of sald tubes, and

headers F connecting the upper ends of said
tubes and com municating with said steam and
water drum A, of the auxiliary headers P
Iikewise communicating with said steam and
water drum, and circulation tubes S inclosed
within certain of said tubes k, communicat-
ing with said headers P and likewise commu-
nicating with headers G, substantially as de-
seribed. |

6. In a sectional steam boiler, the combina-
tion, with a steam and waterdrum A, inclined

generating tubes E, arranged belowsaid drum,

and headers F connecting the upper ends of
sald tubesand communieatin g with said steam
and water drum A, of headers @ connecting
the lower ends of said tubes, partitions 5
within said headers G and means for admit-
ting the colder water from
of said partitions and near the tops of the
headers, whereby the water is caused to pass
down and around said partitions, substan-
tially as deseribed. |

7. In a sectional steam boiler, the combina-

tion, with a steam and water drum A and in-

clined generating tubes arranged below said
drum,and communicating therewith, of head-
ers G connecting the ends of said tubes and

partitions 5 within said headers and perfo- |
to the tubes, substan-

rated to admit of access
tially as desecribed. |

3. In a sectional steam boiler, the combina-
tion, with a steam and water drum A, inelined
generating tubes E arranged below said dru m,
and headers I connecting the upper ends of
sald tubes and communieatin g with the drum
A, of headers G connecting the lower ends of
sald tubes and provided with partitions 5,
auxiliary headers P likewise communicating
with the drum A, and circulation tubes S com-
municating with said headers P, and likewise
communicating with the spaces behind the
partitions 5 in the headers G, substantially
as described.

9. In a sectional steam boiler,the combina-
tion, with a steam and water drum, ineclined
generating tubes arranged below the same,
headers G connecting the lower ends of said
tubes and headers F connecting the upper
ends of said tubes, of a vertical partition 6
within gsaid drum A, means for connecting
sald headers F to the space in rear of said
partition, auxiliary headers P, circulation
tubes S communicating with the headers P
and likewise communicating with the head-
ers G, means for connecting said headers P
with the space in front of the partition 6, and
means for admitting feed water to the space
in front of said partition 0, substantially as
described.

10. Inasectional stéam boiler, the combina-

thedrum A in rear

and water drum A, inclined
generating tubes E, headers G connecting the
lower ends of said tubes and headers F con-
necting the upper ends of said tubes, of a
vertical partition 6 within said drum A, means
for connecting said headers F to the sSpace in
rear of said partition, auxiliary headers P
communicating with the space in front of said
partition, circulation tubes S communicating
with said headers P and likewise communi-
cating with said headers G, a circulation pipe
T’ extending lengthwise of the drum A and
communicating with the space in front of said

Dbartition, and a feed water pipe U communi-

cating with said pipe T,
sceribed. |

11. Inasectional steam boiler, the combina-
tion, with a steam and water drum A,inclined
generating tubes E, headers G connecting the
lower ends of said tubes, a vertical partition
6 within said drum A, means for connecting
sald headers I with the space in rear of said
partition, auxiliary headers P, means for con-
necting said headers P to the space in front
of said partition 6, cireulation tubes S con-

substantially as de-

| municating with headers P and likewise com-

municating with said headers G, a cireulation

pipeTextending lengthwiseof the drum A,and
communicating with the space in front of said
partition 6, a feed water pipe U communicat-
Ing with said pipe T, and tubes I connecting
the drum A with the headers G and support-
Ing the said headers, substantially as de-
scribed. - |
12. In asectional steam boiler, the combina-
tion, with a steam and water drum, generating
tubes arranged below the same, and headers
connecting the said tubes with the steam and
water drum, of apertures in the said headers
opposite the ends of said generating tubes,
nipples M secured in said apertures, and
screw-caps N for closing said nipples provid-
ed each with an inwardly proj ecting boss hav-
Ing substantially the diameter and length of
of the nipples, substantially as described.
13. In asectional steam boiler, the combina-
tion, with a steam and water drum sgenerating
tubes arranged below the same, and headers
connecting said tubes with thesaid steam and
water drum, of apertures in the external sur-
faces of said headers opposite the ends of
sald tubes, nipples M secured in said aper-
tures, serew-caps N for closing said nipples,
each provided with an inwardly extending
boss 1, a recess 3 in the interior of said boss
provided with passages communicating with
both the interior of the header and with the
external air, and a plug of an easily fusible

| alloy or metal for closing one of said pas-

4

sages, substantially as deseribed. o
Intestimony whereof I affix my signature in
presence of two witnesses.

GODFREY ENGEIL
Witnesses: :

- W. N, WARMSLEY,
WM., H. JONES.
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