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6 Claims.

‘In the construction of water tube boilers or
steam generators having large heat absorptive
surfaces, such as are provided in the water tube

linings for the combustion chamber of a genera-

tor, it has been heretofore customary to connect
the water tubes of the side walls of the combus-
tion chamber to any convenient poinht in the
boiler section of the generator without any par-
ticular regard to the circulation of the water in
said boiler section. It had been thought that the
circulation of the water in the boiler proper was
so positive and strong that the circulation of the
water of the water tube walls of the furnace would
not affect it.

It has developed, however, that this assumption
is unwarranted for when the water cooled walls

of the combustion chamber are efficient they may -

generate more steam than the generator section
of the boiler proper, or at least, it may be said
that the volume of steam so generated in the wa-
ter cooled walls of the furnace is so great that
the circulation of the water in the water tubes
of the boiler proper is detrimentally affected both
as to the efficiency of the boiler and as to the life
of the tubes of the boiler section.

It is to correct these defects that the present

invention is directed, the object being to promote
proper circulation of water in the boiler section
proper and to generate a large proportion of the
steam of the generator in the banks of water
tubes which line the interior of the combustion
chamber, and, in order to effect this, to deliver
the steam generated in the water cooled walls to
the top or upper side of the steam-andswater

5 drum of the boiler above the level of the water

in the boiler and to avoid discharging the steam
generated in the furnace wall§ into the water of
the circulatory system of the boiler proper, at any
point below the steam-and-water drum.

A further object of this invention is to prevent
the overheating of any of the water tubes or
drums of the boiler section of the boiler due to
variations in the flow of water therethrough and
to maintain g substantially constant temperature
in all the tubes of any bank of tubes of the boiler
proper during the operation of the boiler and to
thus prolong the life of the tubes.

A further object of the present invention is to
provide a highly efficient steam generator plant
of the water tube boiler type by providing ample
combustion chambers wherein a substantially
complete combustion of the fuel is effected with~
in the combustion chamber and to utilize substan-

tially all the radiant heat of combustion for the -

purpose of generating steam in the water-cooled

(C1. 122—235)

walls of the furnace or combustion chamber, and
to dispose of the steam so generated without in-
terrupting any portion of the circulation of water
in the boiler section proper.

A further object of the present invention is to
provide a lower drum of the steam generating sec-
tion of a boiler, and into which the cooling tubes
of the front wall discharge, with a by-pass

through said dium, said bypass being in turn

directly connected to the upper part of the steam-
and-water drum of the generator section and
above the level of the level of the water therein
so that the normal circulation of the water from
the lower drum to the intermediate drum and
from the intermediate drum to the steam-and-
water-drum is uninterrupted, or undisturbed and
normal.

Other objects of this invention will appear in
the specification and claims below.

Referring now to the drawings forming a part

_of this specification and in which the same refer-

ence characters are employed throughout the
various views to designate the same parts,

Fig. 1 is a vertical longitudinal section of a
steam generator of the water tube type, showing
the combustion chamber, the steam generator
proper, and the banks of tubes for cooling the
front and side walls of the combustion chamber
as arranged in accordance with my invention.

Pig. 2 is a transverse sectional view of the inter-
mediate drum of the boiler section proper, simi-
lIar to that shown in Fig. 1, but on a somewhat
enlarged scale, in order to clearly show the by-
pass therethrough forming a part of my invention.

- Fig. 3 is a longitudinal view of the construction
shown in Fig. 2 taken on the line 3—3 of Fig. 2.

Fig. 4 is a cross-sectional view similar to Fig. 2
of a slightly modified construction; and

Fig. 5 is a similar transverse sectional view
through the intermediate drum showing a still
further modified arrangement,

In Fig. 1 are shown those essential parts of a
water tube boiler and the combustion chamber
therefor, with water cooled walls, that are essen-
tial to and which directly cooperate with the in-
vention comprising my improvements therein.
Thus in sald Fig. 1 is indicated the furnace or
combustion chamber {, the water tube boiler sec-
tion proper 2, comprising the mud drum 3, the
intermediate drum 4 and the steam-and-water
drum 5, the drums 3 and 4 being connected by a
bank 6 of riser water tubes, the drums 4 and 5
by another bank T of riser tubes and the drums
§ and 3 by a bank 8 of downcomer tubes. At the
top of the boiler is the main delivery or super-
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heated drum 9 which is connecied to the drum 5

by a bank of tubes 19, which may operate as -

superheater tubes. The combustion chamber 1 is
shown as being provided with two burners H—1{
in the wall {2 thereof, the burners being directed
substantially horizontaily toward the front wall
i3 of combustion chamber.

In order thai the front wall I3, which is sub-
jected to the intense heat of the burners {1, may
be utilized for the generation of steam and to
protect said wall from disintegration under the
sald intense heat to which it is subjected, the
inside of the wall 13 is provided with a vertical
bank i4 of tubes through which circulates the
water from the boiler proper, said tubes being ex-
posed fo the radiant heat of combustion within
the combustion chamber. ‘The lower ends of the
tubes of said bank communicates with a trans-
verse header 5 at the bottom ends thereof and
with a transverse Header 16 at the upper ends
thereof.

The side walls 1T of ‘the combustion chamber
(only one being shown in Fig. 1) are each pro-
vided with g bank 18 of water tubes also connected
to-the circulatory sysiem of the boiler and ex-
posed to the radiant kheat of combustion within
the chamber 1. The tubes of side wall banks 18
communicate at their lower ends with a longi-
tudinal header 19 and at their upper ends with a
parallel header 20.

Water for the bank (4 of the front wall is sup-
plied by one or more pipes 21 connected to the
mud drum 3 of -the boiler and extending down-
wardly outside of the combustionh chamber to the
transverse header 22 from which one or more
horizontal pipes 23 convey water from the header
22 to the header 5. )

Water for the banks I8 of the side walls is
supplied each by a bank of tubes 24, the upper
ends of which are connected to the underside of
the mud drum 3 and extend downwardly cutside
the combustion chamber . [ to communicate
laterally with the lower headers §9 of the side
walls. In this manner the coolest of the water
in the circulatory system of the boiler, to wit,
that in the lower or mud drum 3 is conveyed to
the bank 14 of the front wall and to ihe banks

" {48 of the side walls respectively. The upper

header 16 of the bank 14 of the front walls is
connected by a series or bank of tubes 25 with
the intermediate drum 4-and the upper headers 20
of the banks 18 of the side walls are connected
by a bank or series of tubes 26 to the upper
steam-and-water drum 5, but they are prefer-
ably so connected thereto and arranged that as
many as possible of them discharge into the drum
§ in the same general direction as the bank 1
of tubes of the boiler proper discharge thereinto,
particularly below the level of the water in the
boiler, to avoid, as much as possible, the setting
up in the drum 5 of cross currents, which might
seriously interfere with the free circulation of the
water in the boiler section.

It has heretofore been the practice to permit
the bank of tubes 25 to discharge directly into
the intermediate drum 4, but in actual operation
this construction has not proven to be satisfac-
tory or efficient. With a large combustion cham-
ber and with the walls thereof lined cr covered
with water cooling tubes, a relatively iarge pro-
bortion of the total amount of steam generated
in the generator is formed in the bank {4 of tubes
in the front wall 13 with the result that the tubes
25 discharge into the drum 4 a large volume of
steam and water (mostly steam:) which takes the

2,029,010

easiest course through the bank of tubes 1 to the
steam-and-water drum 5. The easiest course is
through the upper tubes 7* and Tb of the benk.
Moreover, the large amount of steam and water
pouring into the drum 4 from the tubes 25 sub-
stantially checks, blocks and interrupts the up-
ward flow of the waier circuiating .in the botiler
proper through the lowest series of tubes 6& in
the bank 6, with the result that the tubes 7¢ and
7t of the upper bank 7 and lower tube 6% of the
riser bank 6 become exceedingly hot because &
little or no water circulates through them, with
attendant likelihood of a sagging or dropping or
lowering of said tubes and an attendant weaken-
ing of them. So long as water and steam circu-
late through all tubes in & boiler of this kind or
type, the tubes do not become overheated and
maintain their normal positions. When, how-
ever, certain of them hecome overheated due to
lack of circulation therethrough they erode rap-
idly and, moreover, are subject to vibration which
tends to crack the tubes and make the replace-
ment thereof necessary. It is to cure this defect
that the present invention is directed.

One of the steps which I have adopted for the
prevention of these defects comprises the connec-
tion of the upper headers 20 of the side walls di-
rectly to the steam-and-water drum 5 with as
many tubes of the bank 26 as possible, communi~
cating with the drum 9 at a point above the level
21 of the water within the boiler and all discharg-
ing into the drum in substantially the same direc-
tion as the discharge from the adjacent tubes of
the bank 1, thus avoiding, as much as possible the

‘formation of cross currents and eddies in the
drum §. '

The other means which I employ to cure the
deficiencies above described, comprises the pro-
viding of the intermediate drum 4 with a cham-
ber or a series of chambers 28 within the drum 4,
whereby the tubes 25 from the upper header 16
communicate directly with the chamber 28, and

. wherein this chamber 28 extends around within

the drum 4 a distance sufficient to include the
pipes 18 and 1° of the upper bank 7 thereby put-
ting the headers 16 of the upper bank of tubes of
the front wall 13 substantially directly into com-
munication with the steam-and-water drum 5

-at a point above the water level 27 of the drum §,

80 that the steam from the bank 14 is conducted

- directly to the drum 5 withcut traversing through

the water contained in the drum 4 and disturb-
ing the free circulation of water from the bank §
into the drum 4 and from the drum 4 into the
drum §.

This partition in the drum 4 is more clearly
shown in Figs. 2 and 3. )

To form the chamber 28 or the series of cham-
bers 28, a series of anglebars 29 and 30 are curved
to conform to the interior of the surface of the
drum 4 and the edge of one flange 29 of the bars
29 and the flange 302 of the bars 30 are secured,

as by spot welding directly to the interior wall

of the drum 4 and the other flanges 290 of the
bars 28 and 30® of the bars 30 extend parallel to
the axis of said drum. To the ouiside of the
flanges 28® and 30 is secured a plate or- series
of plates 31 bent to circular form to fit flat against
the flanges 29" and 30° of the angle irons 29 and
30 and it is secured thereto by spot welding, The
two end angle bars 29 are long enough to extend
beyond the ends of the tubes 25 and beyond the
ends of the tubes T¢ and Tv and the intermediate
angle irons 30 are a little shorter and do not
quite extend to the ends of the tubes 25 or to the
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ends of the tubes T*. To the opposite ends of the

"longer angle irons 29 and to the inside of the drum

4 are rigidly secured plates 32 to close the ends of
the compartment or chamber 28, but the shorter
angle irons 38, which do not extend up to the
plates 32, provide continuous communicating pas-
sages throughout the length of the chamber 28
over the ends of the tubes 25 and over the ends of
the tubes 12 and T?. )

The semicircular plate 31 is preferably as long
as and is secured to the shorter of the angle irons

30, and is upturned or inturned at its end to pro-

vide flanges 31i# at each end to fit against a cover
or closure 33 which preferably extends the full
length of the chamber-and has upturned ears or
flanges 33* which are respectively secured to the
upwardly or outwardly extending flanges 31* and
the adjacent side of the plate 3f. This plate or
closure 33 may be provided with handles 34 and
may be held in place by bolts and nuts 85.

It will be understood that the removal of the
bolts 3{* pernmiits the withdrawal or lifting of
the plate 32 by its handle 34, thereby giving access
to the interior of the tubes 25 and of the tubes
Te and T° :

I have thus provided within the drum 4 a near-
ly semi-circular, semi-annular chamber 28
through which the steam and water from the
tubes 25 are free to pass to the tubes 7* and T°
and thence to the drum 5 in such g manner that
the steam and water delivered by the pipes 25 do
not discharge into the water in the drum 4 but.
passes in the drum 4 from the tubes 25 through
the chamber 28 past or beyond the tubes T or Tt
through which it is discharged to the drum §,
thereby preventing any water and steam from the
bank 14 from interfering with the circulation of
the water through the drum 4 and thereby also
preventing any stagnation or lack of circulation
in any of the tubes of either bank 6 and 1.

In Fig. 4 is shown a modification wherein the
chamber formed with the angle iron and plates
as above described in connection with Fig. 1 are
dispensed with, and the interior of the drum 4

5 is provided with transverse tubes 282 and 28P, the

ends of which may be spot welded or otherwise
secured to the interior of the drum 4. 'These
tubes afford direct communieation between the
tubes 25 from the header 16 and the tubes 7& and
T repectively to drum 5§ ‘This structure abso~
lutely prevents.the intermingling of the steam
and water from the front wall i3 from so agitat-.
ing the water in the drum, that it interferes with
the free circulation of the water through the
steam generating section of the boiler,

- Instead of providing the interior of the drum 4
with the intermediate compartment or chamber
28, or with the tubes 282, I may provide a supple-
mental drum or header 28¢ outside of and to the
rear of the drum 4, and into which the upper
ends of the tubes 25 discharge, the upper side of
the header 31 being connected by a bank of tubes
Tc directly to the steam-and-water drum 5.

It will now be apparent that I have provided a
construction wherein the rapid circulation of
water through the front and side walls of the
water cooled walls of the combustion chamber of
& steam generator may be conducted to the steam-
and-water drum 5 without passing through the
intermediate drum 4 in such & manner as to im-
part agitation or cross current disturbance with-
in the body of water which fills the drum 4 and
that thereby I have eliminated the installation of
any connections which disturb or interfere with
the free circulation in & circular manner from

3

drum 3 to drum 4; thence to drum 6; and thence
back to drum 3. The steam generating section
may operate as it would were there no water
cooled walls in the furnace and the steam and
water developed in the front and side walls of
the furnace are conveyed directly to the top of
the steam-~and-water drum § and discharged at a

- point which offers no let or hindrance to the

free circulatory movement of the water in the
steam generating section of the boiler compris-
ing the tubes 3, # and 5 and the banks of tubes
6, T and 8 respectively cohnecting said drums.

In this manner I have removed completely all
interference with the circulatory flow of the
water in the steam generating section of the boiler
due to the introduction of the steam and water
from the walls of the combustion chamber direct-
ly into the intermediate water drum 4. And
while, as in the modification shown in Figs. 1 to
4 the steam from said banks may pass through
the drum 4, it does not set up the objectionahle
eddies or cross-currents therein present in boilers
of this type when such a bypass or closed cham-
ber as I have provided is not employed. The
water and steam are free, in using my invention,
to circulate continually through all the drums
and all the banks of tubes of the steam gener-
ating section rapidly and continuously, thereby
keeping the tubes clean and not subject to rapid
changes in temperature due to irregularities in
the speed with which the water and steam flow
therethrough as are incident in prior construc-
tions.

Having thus described my invention, what I
claim and desire to protect by Letters Patent of
the United States is:

1. In a steam generator, the combination with
a water tube boiler section, including a plurality
of drums and a plurality of banks of water tubes
connecting said- drums in series to provide for a
continuous circulating flow of water in a closed
or endless path through sald series of drums and
banks of tubes, one of said drums being an upper
steam-and-water drum and a second of said
drums being a water drum continually filled with
water during the operation of the boiler, of a
combustion chamber, inciuding a front wall, a
bank of vertical tubes lining the inner surface
of said front wall and exposed to the radiant heat
of the combustion of fuel in said chamber, means
to conduct water from a relatively cool point in
the circulatory system of said boiler section to the
lower ends of said bank of vertical tubes lining
sald front wall, means within said water drum
providing a chamber closed to the interior of
sald drum, means' to conduct steam and water
from the upper ends of said bank of vertical tubes
into said chamber, means to conduct the steam
and water delivered to said chamber and to de-
liver the same into said steam-and-water drum
in substantially the same direction that the cir-
culating water of said boiler section enters said
steam-and-water drum whereby the steam and
water delivered from said vertical bank of tubes
and passing through said water drum does not
disturb the free movement of the water of said
boiler section through said water drum.

2. In a steam generator, the combination with
a water tube boiler section, including a plurality
of drums, a plurality of banks of water tubes
connecting said drums in series to provide for
a continuous circulating flow of water in a closed
or endless path through the said series of drums
and banks, one of sald drums being an upper
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steam-and-water drum and the second of said
drums being a water druin continually filled with
water during the operation of the boiler, of a
combustion chamber, including a front wall and
a bank of vertical tubes lining the inner wall of
said front wall and exposed to the radiant heat
of said combustion chamber, means to conduct
water from a relatively cool point in the c¢ir-
culatory system of said boiler section to the lower
ends of said bank of vertical tubes, and means
to conduct the steam and water delivered from
said upper ends of said vertical banks of tubes
through said water drum without disturbing the
free circulatory movement of the water of said
boiler section through said water drum and on
to said steam-and-water drum and connected to
said steam-and-water drum at points above the
level of the water in said steam-and-water drum.

3. In a steam generator, the combination with
a water tube boiler section, including a steam-
and-water drum, an intermediate water drum, a
lower water drum and a plurality of banks of wa-
ter tubes connecting said drums in series to pro-
vide for -a continuous' circulatory flow of water
in a closed -or endless ‘path through said series
of drums and banks of tubes during the opera-
tion of the boiler, a combustion chamber, a
bank of tubes linihg the face of the front wall
of said combustion chamber and exposed to the
radiant heat of said combustion chamber, and
means to connect the upper ends of said bank
of tubes with said intermediate water drum, said
water drum being provided on the inside thereof
with means for conducting the steam and water
from said bank of vertical tubes through said
water drum without commingling the same with
the water of said boiler section in said water
drum, and means to conduct the steam and wa-
ter thus passed through said water drum direct-
ly to the upper part of said steam-and-water
drum at a point above the level of the water in
said steam-and-water drum.

4. In a steam generator, the combination with
a water tube boiler section, including a steam-
and-water drum, an intermediate water drum, g
lower water drum and a plurality of banks of wa-
ter tubes connecting said drums in series to pro-~.
vide for a continuous circulatory flow of water
in a closed or endless path through said series
of drums and banks of tubes during the opera-
tion of the boiler, a combustion chamber, a bank
of tubes lining the face of a wall of said com-~
bustion chamber and exposed to the radiant heat
of said combustion chamber, and means to con-

nect the upper ends of said bank of tubes with

said intermediate water drum, said water drum

2,020,010

being provided on the inside thereof with means
for conducting the steam and water from said
bank of vertical tubes through said water drum
without commingling the same with the water
of said boiler section in said water drum, and
means to conduct the steam and water thus

passed through said water drum directly to said .

steam-and-water drum.

5. In g steam generator, the combination with"

a water tube boiler section, including a steam-
and-water drum, an intermediate water drum,
a lower water drum and a plurality of banks of
water tubes connecting said drums in series to
provide for a continuous circulatory flow of wa-
ter in g closed or endless path through said se-
ries of drums and banks of tubes during the
operation of the boiler, a combustion chamber,
a bank of tubes lining the face of the front wall
of said combustion chamber and exposed to the
radiant heat of said combustion chamber, the
upper ends of said bank of tubes being connect-
ed with said intermediate water drum, said wa-
ter drum being provided on the inside thereof
with means for conducting the steam and water
from said bank of vertical tubes through said
water drum without commingling the same with
the water of said boiler section in said water
drum, and means to conduct the steam and wa-
ter thus passed through said water drum direct-
Iy to said steam-and-water drum.

6. In a steam generator, the combination with
a water tube boiler section, including a steam-
and-water drum, an intermediate wdter drum, &
lower water drum ‘and a plurality of banks of
water tubes connecting said drums in series to
provide for a continuous circulatory flow of wa-
ter in a closed or endless path through said se-
ries of drums and banks of tubes during the op-
eration of the boiler, a combustion chamber, a
bank of tubes lining the face of the front wall
of said combustion chamber and exposed to the
radiant heat of said combustion chamber, the
upper ends of said bank of tubes being connected
with said intermediate water drum, said water
drum being provided on the inside thereof with
a partition mounted within the drum and coop-
erating with the front wall of the drum to form
a passage for conducting the steam and water
from said bank of vertical tubes through said

water drum without commingling the same with :

the water of said boiler section in said water
drum, and means to conduct the steam and water
thus passed through said water drum -directly
to said steam-and-water drum.

JOHN PHILLIPS BADENHAUSEN.
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