No. 760,378, PATENTED MAY 17, 1904.
J. B. BEAM.

STEAM GENERATOR,
APPLIGATION FILED ATG, 23, 1903,

NO MODEL, ) 4 SHERTS—BHEET 1,
. G |
Fzy.j. b 4o
— .
v
C < <
4 A
” 1z »
=AU o
Foas (,1 L el 5"1,
=] M R
E | A H{EjH )
MME 1 dcal R
|
. L) | i i L
ol ud
i v
J il l
WL i
| N 77/ B\
Vi E I ‘ ‘ 77
LT L
WAl |
i J
n— v b H i HHH I
‘Jf 1_ ’M LK K ©
AT HH - Ll by
‘ N ! Z
A AN T v
211 : - *_%I- -
< j ;I::An;j‘a} ! / // //
n—- N e el % <k
i ] 4
7

N

N/

InvENTOR-
WiTneSssEs -

Enm b 044.(06‘1 oQ\ J B Heamm.

‘ SY HI1S ATWVS,




No. 760,873, - | PATENTED MAY 17, 1904,
1. B. BEAM. |
STEAM GENERATOR.

APPLICATION FILED AUG, 33, 1903,

NO MODEL. 4 SEEETS—S8HMEET 2,
Fog. 2. l
o 3 o
"/H_si_\s
il bl ™ :
L4 i
y
I § 7o | || fhlele :
;;P:\W iy
| Y b N
4——— |2 " [ | N .*TT 4
z =l ] o
27 X ElE [; =
= 7 il A ’—%
2% =
1 e [l
. 2 :
o o g P
341% ;Wé :m: —%
/ e o o o'}
> o @ o o 4,_‘9‘
,S”fL o o4 %
[ LI P L) 17’3
M
tz@ [ L4 ‘«:‘;ﬁ /
L [ L] L]
‘3_ [ ] ] ° 0. / -3
AV o Lo o
17 150 I
/LJ A s <)
3 y: " ‘fi— q' 1% i‘ é r

b 4
(= i
&%

W'TNESSE;“ // InveENnTOR:
Mf@%(ﬂ r* J B Bearn.

BY His ATTOR EYS

THE NORRIS PETERS €O, PHOTO-LITHO.. WASHINGTON, D ¢




No. 760,378. _ PATENTED MAY 17, 1904,
1. B. BEAM, '
STEAM GENERATOR,




No. 760,373. PATENTED MAY 17, 1904.
J. B. BEAM. -
STEAM GENERATOR

APPLICATION FILED AUG. 22, 1903, .
N0 MODEL, " 4 SHEET8—BHEET 4.

T
|
WA
‘ ‘J7 ) &
Z | \
gu - | W
7
. Nl - 2y
Al § Ua
I " ) 3 ‘
& 1 Yl o8
va 3$ | 74|
UF Y.
Lﬁ] R
q:—\_ =N =
o1 e ] | 3
2 G A LA R
A ~
' °, a® ok
Zo D819
.. Lt
. ;t. @ M ° @2&
'3-74'/ e a 'B° @
$L 8 7
SV 74 ..
3\ .
| * )
5, oo .o
o % %8 o
2*|| e = s,
8 IRl 14
77 PN
T
A *\*
LT P
Z . y.t
‘ ég%;géégim ;5‘7_3' jg: A |
07 Y T )Z;;;;Z;/é lNVENTdR:—

| WiTNeESSES!- ‘ J. B.Bea.
M & L

| ATTOBNEYS
Z . Eafrui‘ﬁzV?Ni )




No. %760,373.

UNITED STATES

Patented May 17, 1904.

PATENT OFFICE.

JACOB B. BEAM, OF BIGRUN, PENNSYLVANIA, ASSIGNOR TO THE BEAM
COKE OVEN bTEAVI BOILER POWER COMPANY, OF PUNY XSUTAWNEY,
PENNSYLVANIA, A CORPORATION OF NORTH DAKOTA.

STEAM-~-GENERATOR.

SPECIFICATION forming part of Letters Patent No. 760,373, dated May 17, 1904.
. Application filed August 22, 1903, Serial No. 170,384, (No model.)

To all whom it may concer:

Be it known that I, Jacos B. Brawm, a citi-
zen of the United States, residing at Bigrun,
in the county of Jefferson and State of Penn-

5 sylvania, have invented certain new and use-
ful Tmprovements in Steam - Generators, of
which the following is a specification.

The object of my invention is to provide a
steam - generator in which the boiler and its

10 setting: are so arranged that the maximum
hedtmo effect is obtained from the fuel; a
more thor ough circulation of water and steam
is effected, and extra- dry steam under high
tension is obtamed

15  Another object of my invention is to pro-
vide a steam-generator which may efficiently
use the waste gases from coke-ovens.

In carrying out my invention in the way
now best known to me I cause the gases from

zo coke-ovens or other sources of heat to pass
into the generator near its lower -end and
thence pass vertically upward along one side
of the boiler, then downward on the oppo-
site side thereof, and then upward through

25 the shell or central portion of the boiler. The
boiler comprises a vertical central portion or
shell having at each end an enlarged head or
drum which communicate with the shell and
which communicate with each other by means

30 of vertical water-tubes surrounding the shell.
In one form ot the invention vertical smoke-
tubes are arranged to pass through the shell
and convey the hot gases or products of com-
bustion from the lower portion of the genera-

35 tor to a stack at the top thereof.  In another
form of the invention these smoke-tubes are
omitted and a feed-water heater is placed
within the shell for the purpose of raising the
temperature- of the water before it is deliv-

40 ered to the boiler. This heater consists of

- two annular heads connected by vertical tubes,
the heads being divided: into sections, so that
water admitted at the bottom of the heater
will be caused to traverse the tubes succes-

45 sively. The upper boiler-head or drum is of
somewhat greater dimensions than the lower
one, the Water-level therein being sufficiently
low to afford a large steam-space in the upper

p01 tion of the drum, through which the escap-
ng gases are conductcd in such manner as to
superheat the steam. The shell of the boiler
is provided on opposite sides with hollow
wings, which are closed on all sides except
those next the boiler-shell, with the interior
of which - they commumcate These \vmoq
are so arranged as to form partitions in the
casing, which divide it into two parts and
cause the gases or products of combustion
which enter on one side of the partitions to
pass upward in. contact with the tubes and
shell on one side and then downward in con-
tact with the tubes and shell on the opposite
side, thus causing the water on one side to be
heated to a gr eater degree than on the oppo-
site side, and as the hot gases pass out through
the center of the bmlel this part thereof re-
ceives the ‘least degree of heat, so ‘that the
water is caused to circulate most efficiently.
The lower part of the upper head or drum
is connected on each side by a vertical pipe
with the lower portion of the lower drum and
also with the lower portion of one of thehol-
low water wings or partitions; so thatan out-
side circulation may be effected, and in-case
the water-level falls very low a circulation
may be carried on between the water-wings
and the lower drum. The organization‘is
such that several distincteir cula’mons of water
are maintained at the same time, owing to
the different degrees of heat to which differ-
ent parts of the water are subjected and to
the special provisions for effecting such cir-

[=%

5

culation. Circulation of steam is also main- -

tained in the steam-space of the upper dlum,
and bubbling or splashing of water is pre-
vented from qatul ating the steam by means
of bafle-plates placed over the upper ends of
the water-tubes.

.The organization of the generator as a
whole is such as to obtain a large capacity for
steam-generation within a smftll space.  All
parts of the boiler except a limited portion
at the top are exposed to- the direct action of
hot: gases, and there are no dead spaces where
the heat of such gases is lost before entering
the smoke-box. :
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In the accompanying drawings, Figure 1
shows a vertical central section through the
preferred form of steam-generator made in
accordance with my invention. Fig. 2 shows
a similar section taken at right angles to that
shown in Fig. 1. TFig. 3 shows a transverse
section on the line 8 3 of Fig. 2. Fig. 4
shows a transverse section on the line 4 4 of
Fig. 2. Fig. 5 shows a vertical central sec-
tion of a modification in which the smoke-
tubes shown in Fig. 1 are replaced by a ver-
tical feed-water heater. Fig. 61is a view in
perspective with parts broken away of the
tfeed-water heater shown in Fig. 5.

In the several figures the unfeathered ar-
rows indicate the courses of the hot gases,
while the feathered arrows indicate the cir-
culation of water and steam. )

The boiler setting or casing A may bebuilt
of any suitable material and is adapted to ac-
commodate my improved upright water-tube
boiler, which comprises a shell B, connected
at opposite ends with upper and lower drums
CD. The upper drum is of much larger ca-
pacity than the lower one, so as to provide a
steam-space in its upper portion. Surround-
ing the shell are vertical water-tubes E, which
communicate with the drums. In Figs, 1and
2, ¥ indicates smoke-tubes which pass verti-
cally through the shell and through both
drums and open at their upper ends into. the
smoke-stack G or a smoke-box below the
stack. At their lower ends the smoke-tubes
open into a chamber Hbelow the lower drum
D. The upper drum C is surrounded by a
space or annular chamber I in the casing,
through which the hot gases pass, and this
chamber iscontracted at 2 just below the upper
drum and there communicates with a some-
what narrower chamber J, through which the
water-tubes and shell extend. This chamber
is enlarged at ;s and communicates with the
enlarged annular chamber K, surrounding the
lower drum D. This chamber is closed at the
bottom on one side by the ledge or shelf %, on
which the drum rests; buton the opposite side
it opens into the chamber H below the lower
drum. The chamber J is divided by vertical
partitions L M, which extend from near the
top of the lower drum to a point just below
the upper drum, preferably just at the lower
end of the contracted part ¢ of the chamberl.
These partitions form wings projecting from
the shell and extending laterally therefrom to
the casing A, with which they make close con-
tact. The wings or partitions are hollow and
closed on all sides except those next the shell,
with the interior of which they communicate
by means of orifices 7. The setting or eas-

ing is provided with suitable cleaning-holes N,
closed by doors 7, and the upper drum is pro-
vided with hand-holes having removable cov-
ers O, by means of which access may be had
" to the interior of the upper drum and to the
The shell is braced at opposite

water-tubes.
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ends by rods P, and a steam-escape pipe Q is
provided and fitted with a safety-valve of or-
dinary construction. o

Q' indicates a steam-gage, and Q° a water-
gage. :
Ordinarily the water stands at the level in-
dicated, and in order to prevent the water
from being thrown up from the water-tubes
E into the steam-space C', I provide baffle-
plates R, which surround the smoke-tubes and
stand immediately over the water - tubes.
These baffle-plates are preferably madein four
segments, resting at their ends on brackets R'.
The ends of the plates come quite close to-
gether, but do not touch, there being inter-
posed between them vertical lugs», which pro-
ject from the brackets. These lugs are perfo-
rated transversely and receive pins #°, which
serve to lock the plates in place. Whenit is
desired to clean the tubes E, the covers O
may be removed, and by withdrawing the pins
7*the plates R may be lifted from the brackets
and set to one side, thus exposing the tubes
and permitting of their being inspected and
cleaned.

S indicates two pipes set in the casing A
on opposite sides of the boiler and each com-
municating at its upper end with the lower
portion-of the upper drum C and atits lower
end with the lower portion of the lower drum
D. Each such pipe also communicates, by
means of a branch pipe s, with the lower por-
tion of a wing or.partition L or M.

T indicates the feed-water pipe, and T’ the
blow-off pipe. :

¢ indicates hand-holes in the lower drum,
by means of which access may be had to this
drum and to the lower ends of the water-
tubes. - .

The hot gases or products of combustion are
admitted through a flue U, which may be
opened and closed by a valve U'.. The flue
opens into the chamber K above the ledge £,
and the hot gases traverse the course indicated
by the unfeathered arrows. The gases first
pass up through that side of the chamber J
immediately over the flue U, and they are con-
fined by the wings or partitions L M to one-
half of this chamber. They then pass into
the chamber I surrounding the upper drum,
and thence pass down through the chamber J
on the opposite side of the partitions L. M.
These gases then pass into the annular cham-
ber K and thence to the chamber H, from
which they rise through the smoke-tubes F
and pass into the smoke box or stack G.. By
this arrangement the water-tubes on the right-
hand side of the boiler as viewed in Fig. 1
will be intensely heated.
hand side will also be heated to a high tem-
perature, but in less degree, while the water
in the shell will receive the least heat. This
method of cireulating the hot gases produces
several currents of hot water and steam.
These are indicated by feathered arrows. In
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Fig. 1 the arrows 1 indicate a water circula-
tion caused by the unequal heat in the water-
tubes and the shell. It will be observed that

“on both sides of the wings the hot water rises

through the tubes and descends through the
shell. In Fig. 2 the arrows 2 indicate a sep-
arate circulation through the wings L and M.
The Wan"fa bemU most hwhlV he‘tted the wa-
ter will rise in the wings and descend within
the shell. There is also a separate water cir-
culation through the pipes S. In Fig. 2 the
arrows 3 show how the water rises from some
of the water-tubes, passes down through the
pipes S, and thence into the lower drum, from
which it rises into the watér-tubes. Should
the water-level by any chance fall below the
upper drum, a circulation of water may still
be maintained in the manner indicated by the
arrows 4. In this case the water will rise
from the lower drom into the shell, thence
pass through the wings L and M into the
branch tubes s, and thence downward through
the lower portions of the pipes 8. Such lat-
ter circulation, however, does not normally
occur. It only occurs when the water-level.
is low. These separate water circulations do
not in any way interfere with each other, as-
those portions of the water which ascend.in
one circulating system are adjacent to those
portions which ascend in other circulations.
The construction is such also as to produce a
circulation of steam in the steam-space .
This is indicated in Fig. 2. The arrows 5
show how the steam ascends near the outside
of the drum, where the heat is greatest. . The
arrows 6 indicate how the steam ascends near
the central part of the drum surrounding the
smoke-tubes, where the heat is also orewt
The arrows 7 show how the steam descends at
that part of the drum where the heat is least
and the steam is not so dry as in other parts
of the steam-space. . In this way I am enabled
to obtain superheated steam at high tension
and in large quantities from a comparatively
small quantity of water or from water con-
tained within a comparatively small space.
In Figs. 5 and 6 I have shown a modifica-
tion. The only difference, however, between
the boiler-shell in Figs. 1 to 4, inclusive, and
that shown in Figs. 5 and 6is that the smoke-
tubes F are omitted and a feed- water heater
Vis emplm ed. Therefore the parts shown in
Fig. 5, which correspond to those shown in
Figs. 1 to 4, are similarly lettered. A large
cvhndm ‘W passes centrally through both
drums and through the shell B, opening at its
lower end into the chamber H and at its up-
per end into the smoke-stack . The prod-
ucts of combustion or hot gases enter at U,
pass up along one side of the partitions M,
through the chamber I, and down on the op-
posite sides of the partitions into the cham-
ber H. Thence they passup through thecyl-
inder W and out through the smole- stack (3.
Within the cylinder W the feed- water heater

3

V is located. It comprises upper and lower
annular heads V' V? connected by vertical
tubes V®. ~The lower head V*is located at
the lower end of the cylinder W and is sup-
ported by astandard Y, which is formed with
lugs ¥, bolted to lugs », projecting laterally
from the interior of the head V®. The lower
head is centralized by means of laterally-
projecting lugs ', and similar lugs central-
ize the upper head V', which is located near
the top of the cylinder W. The tubes there-

fore extend from the bottom of the lower

drum to the top of the upper drum, and they
may be held in position about midway be-
tween their ends by a spacing-ring W’. Wa-
ter is supplied under pressure or by means of
an injector through a pipe Z, provided with
a check-valve = and commumcxtmo with the
lower head V* . The heated water is taken
from: the upper head V' by a pipe Z* and con-
veyed to thelowerdrum D. - In order to cause
the water to traverse all the tubes succes-
sively, each head V' or V*is divided into sec-
tions in the manner indicated in Fig: 6 by
means of plates or partitions «®. The pipe Z
enters a compartment +*, which communicates
with a single tube.. From this compartment
the water passes up through the tube imme-
diately over it and into a compartment »"'in
the upper head V', which communicates not
only with the tube last mentioned, but also
with one other tube, so that the wateris caused
to descend through this adjacent tube in the
manner indicated in Fig. 2 and pass down into
another compartment in the lower head V7,
which communicates with one other tube,
causing the water to pass up this tube and
throuOh another compartment communicate

with a tube which conveys the water down-

ward. Theother compartments are similarly
arranged, so as to cause the water entering at
Z to successively traverse all the tubes and
finally reach a compartment 2, which com-
municates only with one tube—namely, that
through which the water last passes. From
this compartment the water passes into the
pipe Z*, through which it is conveyed to the
boiler. The circulation of steam and water
is indicated by the feathered arrows in Fig.
5, it being similar to that shown in Figs: 1
and 2; but in this construction the steam is
not heated to as high a degree as is the case
in the construction shown in Figs. 1 and 2.
Nevertheless the organization as a whole: is
stich as to quickly raise water to the boiling-

point, liberate steam therefrom, and to super-.

heat the steam to such a degree as to make it
most efficient.

I claim as my invention— ‘

1. A steam-generator comprising a casing
or setting having chamibers around the boiler
for the circulation of gases, and a boiler there-

in consisting of a shell, drums at opposite ends -

thereof and communicating therewith; verti=

cal water-tubes connecting. the drums, paiti
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tions dividing the gas-circulating chambers,
and a central passage through the shell and
drums for the escape of gases.

9. A steam-generator comprising a casing
or setting having chambers around the boiler
for the circulation of gases, and aboiler there-
in consisting of a shell, drums at opposite ends
thereof and connected therewith, vertical wa-
ter-tubes connecting the drums, vertical par-
titions dividing the gas-circulating chambers
into uptake and downtake passages for the
cases and smoke-tubes extending through the
shell and drums thr ough which “the gases es-
cape.

3. A steam-generator comprising a casing
or setting havmw chambers around the boiler
for the circulation of cases, and a chamber be-
low the boiler, and a boiler within said casing
consisting of a shell, drums at opposite ends
thereof and communicating therewith, verti-
cal water-tubes connecting the drums, parti-
tions dividing the gas-circulating chambers
and a central passage through the shell and
drums and communicating with the chamber
below the boiler for the escape of gases.

4. A steam-generator comprising a casing
or setting having chambers around the boiler
for the circulation of gases, and a chamber be-
low the boiler, partitions dividing the gas-cir-
culating chamber into two parts, oneof which
communicates with an entrance-flue and the
other of which communicates with a chamber
below the boiler, and a boiler consisting of a
shell, drums at opposite ends thereof and com-
municating therewith, vertical water - tubes
connecting the drums, and a central passage
communicating with the chamber below the
boiler and extending through the shell and
drums.

5. A steam- generator comprising a casing
or setting havmg chambers around the boﬂel
for the circulation of gases, a boiler therein
consisting of a shell, drums at opposite ends
thereof and connected therewith, vertical wa-
ter-tubes connecting the drums, partitions di-
viding the gas-circulating chambers, a central
passage through the shell and drums and an
outside pipe connecting the lower portion of
the upper drum with the lower portion of the
lower drum.

6. A steam-generator comprising a casing
or setting having chambers around the boiler
for the circulation of gases, a boiler therein
consisting of a shell, drums at opposite ends
thereof, and communicating therewith, verti-
cal water-tubes connecting the drums, parti-
tions dividing the gas-circulating chambers, a
central passage through the shell and drums,
an outside pipe connecting the two drums and
a branch pipe connecting said outside pipe with
the shell.

7. A steam-generator comprising a casing
or setting having chambers around the hoiler
for the circulation of gases, a boiler therein
consisting of a shell, drums at opposite ends

760,373

thereof and communicating therewith, verti-
cal water-tubes connecting the drums, parti-
tions dividing the gas-circulating chambers, a
central passage throutrh the shell and drums,
outside pipes connecting the drums and branch
pipes from said ou’mde pipes connected with
the interior of the shell.

8. A steam-generator comprising a casing
or setting hEW'an‘ chambers around the boﬂer
for the cnculatlon of gases, a boiler therein
consisting of a shell, havmw alower drum and
anupper ‘drum pl‘OVlded \Vlth a steam-space in
its upper portion, connections between the
shell and drums, vertical water-tubes connect-
ing the drums, and an escape-passage for the
gases extenchncr central]v through the shell
‘md the drums fmd serving to heat the water
in the shell and drums rmd also the steam 1n
the upper drum.

9. A steam-generator comprising a casing
or setting havmo chambers around the boﬂer
for the c1rculat10n of gases, a boiler therein
consisting of a shell, a lower drum- and an up-
per drum having a steam-space in its upper
portion, connections between the drums and
the shell, vertical water-tubes connectmtr the
drums, partitions dividing the gas-cir cuhtma
chambe1s a chamber below the botler, and
smoke- tubeq connected with said chamber and
extending through the lower drum, the shell,
and throutrh the steam - space of the upper
drum.

10. A steam-generator comprising a casing
or setting hav1n<r chambers around the boﬂer
for the mrcul‘ttlon of gases, and a boiler there-
in consisting of a shell drums at opposite ends
thereof and communicating therewith, verti-

cal water-tubes connecting the drums, and hol-
low partitions or wings dividing the gas-cir-
culating chambers and communicating with
the interior of the shell.

11. A steam-generator comprising a casing
or setting h‘wmo chambers around the boﬂer
for the cnmul‘ttlon of gases and a boiler there-
in consisting of a shell drums at opposite erids
thereof and commumcatlno therewith, verti-
cal water-tubes connecting the drurs, hollow
partitions or wings dlv1dmor the gas- cu’culat—
ing chambers ‘Lnd commumcatmd with the
interior of the shell, and a central passage
through the shell and drums for the escape
of gases.

12 A steam-generator comprising a casing
or setting havm@ chambers around the boﬂer
forthecir culatlon of gases and a boiler therein
consisting of .a shell, “drums at opposite ends
thereof and commu IHC‘UJIHO” therewith, vertical
water - tubes connecting “the drums, hollow
wings or partitions d1v1dm0 the gas-circu-
l‘Ltan“ chambers and communicating with the
interior of the shell, a chamber below the
boiler and smoke- tubes communicating with
said chamber and extending through the shell
and drums.

18. A steam-generator comprising a casmcr
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or setting having chambers around the boiler
for the circulation of gases, a boiler therein
consisting of a shell, drums at opposite ends
thereof and communicating therewith, vertical
water-tubes connecting the drums, hollow par-
titions or wings dividing the gas-circulating
chambers and communicating with the inte-
rior of the shell, a central passage through
the shell and drums for the escape of gases,
and outside pipes connecting the drums and
connected with the wings of the shell.

14. A steam-generator comprising a casing
or setting having chambers around the boiler
for the circulation of gases, a boiler therein
consisting of a shell, drums at opposite ends
thereof and communicating therewith, vertical
water-tubes connecting the drums, partitions
dividing the gas-circulating chambers, a cen-
tral passage through the shell and drums for
the escape of gases and baffle-plates surround-
ing the central passage and arranged over the
water-tubes.

15.- A steam-generator comprising a casing
or setting having chambers around the hoiler
for the circulation of gases, a boiler therein
consisting of a shell, drums at opposite ends
thereof and communicating therewith, vertical

S

water-tubes connecting the drums, partitions
dividing the gas-circulating chambers, a cham-
ber below the boiler, smoke-tubes communi-
cating with said chamber and extending
through the shell and drums, a steam-space in
the upper drum and baffie-plates surrounding
the smoke-tubes and arranged over the water-
tubes.

16. A steam-generator comprising a casing
or setting having a eentral chamber communi-
cating with enlarged chambers at opposite
ends, partitions dividing the central chamber,
and a chamber at the lower end of the casing
communicating with the lower enlarged cham-
ber, a boiler-shell within the middle chamber,
drums communicating with the shell and ar-
ranged in the two enlarged chambers at oppo-
site ends of the middle chamber, water-tubes
connecting the drums and smoke-tubes com-
municating with the bottom chamber and ex-
tending through the shell and drums.

In testimony whereof I have hereunto sub-

scribed my name.
JACOB B. BEAM.
Witnesses:
Lroyp B. Wiaur,
K. H. Fex~ing.
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