Feb. 1, 1938. J. P. BADENHAUSEN
STEAM GENERATOR
Filed April 8, 1935

2,107,022

3 Sheets—-Sheet 1

|

X {
| I
______ |
Sumnt
-l g
& ol |
| ] [ i
| 1
i i
I N
b !
L o
L oy
. | A
i 1
Efg V4 pr—t
. . [
. - K {
| |
29 28 5327 === » § !
g 22 / > \\ | ; ]
7 : y 7 38 N | ll | :
3z P! AN \ abde ool
i .k g0 !
2223 28 29 ‘ PEP S
> == e G W L /
o ','— A | = .= _ \ J
79 0 \\\\ N By |
\\ \\'\ e = /T~ :
1 ' ~Jis” I I
L liile=s 1 W )|
so b T SN 2 L al b ! y
| gisiaten | LS Y
i tantily Al | N o
Lk \\\\ |
(R 1 ik bz
\—H. ‘r—\'\- RS it el
(SR ‘.'Y ! B ! 3
\\\\\ i /E’4’l } |
|
! v I R
1l n Y FeZ /I H
77 \: A //
b 30\\\\\ \> 9'2.//
2 R =" - S
S \\\‘ _,/
23 '
i T N EZ7
AT ~3Z
I L
Il-_'""f <
[
\i :

[T~/ fmm

Il e ey i
I _JZ

T

INVENTOFT

Johr Phillps Badenfausen.

WITIVESS ' ' 8y A
@mw ; M STTORNEY




Feb. 1, 1938. .J. P. BADENHAUSEN - 2,107,022
’ STEAM GENERATOR }
" Filed April 8, 1835 - - - 3 Sheets-Sheet 2

\ 1

S 'H |l ~==ad
i '::;:; D O RN .
2? Iu '“Lll'lu.:__iin—:n L____J “.' r;;IL: ,:‘ /| >
: 1R ¥ N el 1,
L2 46 R L IA‘
25~ ' 57 15} N ©
0, 1Pk
W//////////////////// L, ///////////////////////{/A” o

Jakure Hﬁ&l[//’wﬁadenﬁaaé‘efz}

s | _‘::%é
@Wd&(/ S GTTORNEY




Feb. 1, 1938. JP BAQENHAUSENY 2,107,022

STEAM GENERATOR -

Filed April 8, 1935 3 Sheets—Sheet 3

INVENTOR

J&knlﬂﬁr/'ll/,'p:sﬁédeﬁﬁaua’e/z

WITNESS ' . ay é % E
T Kfauticsace - ' ORNEY




5
10

is

2

<

25

30

4

=]

Patented Feb. 1, 1938

UNITED STATES
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N
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STEAM GENERATOR
John Phillips Badenhausen, Philadelphia, Pa., as-

signor of one-half to Day and Zimmermanmn,
Incorporated, Philadelphia, Pa., a corporation

of Maryland

Application April 8, 1935, Serial No, 15211
' 4 Claims. (CL 122—235)

My invention relates to the generation of steam,
‘and more particularly to a complete steam gen-
erating unit in which the various submechanisms
or accessory mechanisms are constructed and ar-
ranged with respect to each other so that each
directly contributes to the efficient operation of
the others and io the unit as a whole.

Among the objects of the present invention are
to provide a highly efficient steam generator plant
of the water-tube boiler type, of large capacity,
and arranged within a relatively small space, by

providing ample combustion chambers wherein & .

substantially complete combustion of the fuel is
effected within the combustion chamber; to uti-
lize substantially all of the radiant heat of com-
bustion for the purpose of generating steam by
providing the four side walls and the top wall of
the combustion chamber each with a bank of
water-tubes connected to the water circulatory
system of the generator for the transfer thereto
of a great proportion of the radiant heat of com-
bustion; to reduce the height of the generator as
8 whole by positioning a relatively small water-
tube boiler section, comprising a pair of parallel
horizontal drums vertically disposed one over the
other and connected by banks of downcomer and
riser tubes, at the front side of the combustion
chamber with the upper steam-and-water drum
substantially on the level at which the gases of
combustion leave the combustion chamber and
_providing the boiler section with baflles whereby
the gases of combustion on entering-the Loller
section pass downwardly to a point near the
“lower drum and then are conducted upwardly
through the bank of downcomer tubes before
passing out of the boiler section; to provide a
generator unit, by reason of the features last
described, which as a whole is not substantially
- higher or taller than the combustion chamber; to
provide the boller section of the generator with

a transverse bank of riser tubes positioned in the

path-of the gases of combustion as they leave the
combustion chamber and prior to their passage
to the boiler section of the generator and opera-
tive to prevent the passage of dust, slag or un-

burned particles of fuel therethrough into the’

boiler section and to substantially throw said
particles back into the combustion chamber
thereby preventing an accumulation of scot, slag
and ash in and on the water-tubes of the boiler
section; to first admit the gases of combustion
to the boiler section at the top of the boiler sec-
tion and to deflect the stream of gases so delivered
downwardly through a rear bank of riser tubes
of the hoiler section and to then deflect them up-

wardly through a front bank of downcomer tubes,‘

and thereafter delivering the gases of combus-

tion after they have traversed the sald boiler

section to an air heater at a temperature suffi-
ciently high to elevate the temperature of the
air delivered from the air heater to the combus-
tion chamber with the fuel to a temperature at
or above that necessary to ignite the fuel; to at-
tach the downcomer tubes of the boller section
and the wall cooling tubes to the upper steam-
and-water drum at points well below the water
level of the boiler and the riser tubes of the same
thereto at points above the normal level of the
water in the boiler to provide a circulation of
water in the boiler substantially irrespective of
the quantity of water in the bofler; to permit the
gases of combustion that traverse the boller sec-
tion to leave the boller section at a relatively high
temperature and immediately transferring the

_ hesat thereof to the air to be supplied to the com-

bustion chamber with the fuel, and to thereby
provide facile means for raising the temperature
of the air delivered to the combustion chamber
to & point higher than that necessary to ignite
the fuel, and to thereby accelerate the combus-
tion of the fuel without substantially reducing
the temperature of the combustion chamber; to
provide a water circulatory system, including the
boiler tubes and the banks of tubes for cooling
the walls ¢f the combustion chamber whereby the
generator or steam generafor may be safely oper-
ated even when the level of the water in the
generator is six or more feet below the normal
water level for which the generator is designed,
and without interfering with the free circulation
of water through the sald parts; and to project
the fuel into the combustion chamber, in the form
of minute particles (liquid fuel or solid pulverized
coal) suspended in & fluid medium (hot air), the
height of the combustion chamber being sufficient
to permit of the complete combustion.of the par-

~
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ticles within the combustion chamber and prior .

to the passage for the gases of combustion from’

the combustion chamber to the boiler section
proper.

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

Referring to the drawings forming. a part of
this specification and in which the same refer-
ence characters are used throughout the various
views to designate the same parts,

. Fig. 1 is a side elevationsal view of my improved
generating unit, but with the furnace or combus-
tion chamber and the boiler section of the gen-
erator in vertical cross-section and with the clo-
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sure or casing of the air heater broken away at
the ends for the purpose of indicating the direc-
tion of the passage of the air and of the products
of combustion therethrough;

Fig. 2 is an end elevational view of the con-
struction shown in Fig. 1 and taken from the
right-hand side of Fig. 1;

Fig. 3 is a plan view of the construction shown
in Pig. 1.

The essential elements which together form my

improved steam generating unit comprises a fur-

nace or combustion chamber {; a water-tube
boiler section 2; an air heater 3; an induced draft
fan 4 for drawing the products of combustion
through the hoiler section and through the air
heater 3 and for delivering the products of com-
bustion to the stack §; a forced draft fan 6 to
supply air to the furnace with the fuel for the
combustion of the fuel; a mechanism 7 for finely
dividing the fuel into minute particles to be pro-
jected into the combustion chamber; a set of
burners 8 through which the finely divided fuel is
projected into the combustion chamber; and the
superheater 9. While all of these elements sin-
gly and broadly may have been previously used in
different combinations in steam generating
plants, I have arranged and disposed the same in
such a manner, with respect to each other, that
for a given capacity, the unit occupies relatively
little space and its efficiency and output is sub-~
stantially higher than that which has been here-
tofore attained in boiler construction and de-

sign. These improvements will now be referred

to, more specifically, as follows:

The combustion chamber | comprises two side
walls 10—I10, a rear wall {1, a front wall 12, a
top wall {3, and & bottom wall 1§. Each side

wall 10 is provided near the bottom thereof with:

& lower header I15 and an upper header 8§ con-

nected by a bank of tubes 1T which are exposed

to the radiant heat of the burning gases in the
combustion chamber. The rear wall is also pro-
vided with & lower header I8 and an upper head-

-er 18 connected by a bank of tubes 20 also ex-

posed to the radiant heat of combustion. The
lower header 18 of the rear wall is, however, below
the bottom wall {4 of the furnace or combustion
chamber. From the upper header 18 a bank of
tubes 21 extends upwardly close to the top wall 13

- 50 and such tubes are also exposed to the interior of

the combustion chamber and to the radiant heat
thereof.

The boiler section of the steam-generating unit
comprises an upper steam-and-water drum- 22
and a lower water drum 23 preferably vertically
beneath the upper drum 22 and connected by two
banks of tubes 24 and 25, the tubes 24 being the
tubes nearest the combustion chamber { and the
tubes 2§ being more remote from the combustion
chamber |, said banks 24 and 25 being separated

by a baffle 26 extending downwardly longitudinals”

ly of the tubes and between the banks thereof
from the upper drum 22 to a point adjacent but
spaced from the lower drum 23.

The lower headers {5 of the side walls of the
combustion chamber | are suppled with water

from the lower drum 28 through a series of tiibes.

27 preferably arranged outside of the side walls
10, or at least where they are not exposed to the
radiant heat of the combustion chamber, and con-
stitut# downcomer tubes through which the water
of the boiler circulates downwardly from the lower
water drum 23 to the lower headers 15 of the side
walls. The upper headers 18 of the side walls are
preferably connected by a bank of riser tubes 28,

-
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the upper ends of which communicate with the
steam-and-water drum 22 of the boiler section.
As many of these tubes of the bank of tubes 28 as
possible are attached to the steam-and-water
drum 22 at points above the normal water level
28 of the boiler section. The bank of tubes 21
of the top wall are preferably also in communica-
tion with the steam-and-water drum 22 at points
above the level of the water in the boller section.
Since the hot gases of combustion traverse the
bank of tubes 24 of the boiler section immediate-
ly upon their exit from the combustion chamber
i and since they are cooler when they subsequent-
ly traverse the front bank 25 of the boiler sec-
tion the forward bank 2§ will substantially com-
prise a set or bank of downcomer iubes while the
bank 24 will substantially be a bank of riser
tubes of the boiler section. To more complete-
1y separate the rear bank 24 of boiler tubes from
the combustion chamber, I preferably provide a
baffle 30 constituting substantially an upward ex-
tension of the front wall 12 whereby the gases of
combustion are forced to travel upwardly through
the combustion chamber to a point beyond or
above the bafle 30 between which and the top
wall 18 the said gases leave the combustion
chamber and enter the boiler section 2.

10

15

The upper steam-and-water drum 22 of the

boiler section is at the upper side of the pas-
sage between the top wall 13 and the upper. end
of the baffle 30, while the lower drum 23 is direct-
ly vertically below the drum 22 and is only a little
above the opening 31 through which the fuel is
projected into the boiler as will pe referred to
again below. Thus it is that the boiler section 2
is not substantially higher than the highest por-
tion of the combustion chamber and the boiler
section 2 as a whole is relatively smaller and is
vertically positioned in front of the front wall 12
of the furnace and its extension formed by the
bafie 30, the bafle 30 lying substantially ‘in the
vertical plane of the front wall 12.

Heretofore it has been common in this type of
steam-generator to place the boiler section above
and over the combustion chamber so.that the
gases . of combustion after passing out of the
combustion chamber continue to travel upwardly
through the steam-boiler section. This greatly
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increases the vertical height of the unit as the

power or capacity of the generator is increased,
that is to say, the larger the generator, the larger
the combustion chamber and the higher the en-

50

tire genérator unit. My improvement consists in -

making the entire generator plant no higher than
that of the combustion chamber, the combustion
chamber being large and high enough to afford
time for the complete combustion of the fuel
prior to its departure from the combustion cham-
ber and then passing the hot gases of combus-
tion through a steam-generating unit or boiler
section which is positioned in front of the igni-
tion chamber rather than over it thereby produc-
ing a steam-generating unit of the smallest ver-
tical dimension.

In addition to the banks 24 and 25 of boiler

85
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tubes, I preferably connect the upper and Iower .
drums 22 and 23 of the boiler section 2 by two -

banks of tubes 32 and 33 both of which are behind
the baffle 30 and are within the combustion cham-
ber | and are therefore eéxposed to the radiant

- heat of the combustion chamber. The first bank

32 is deflected rearwardly out into the combustion
chamber and their upper ends are. connected to

_the upper drum 22 at a point above the normal
water level 28. In them the watér circulating be-

70
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tween the upper and lower drums is converted
into'steam, due to the high temperature to which
the bank of tubes are subjected, which discharges
into the upper part of the steam-and-water drum
22. 'These tubes 32 and 33 are preferably arranged
in close banks, extending across the full width of
the combustion chamber | and substantially re-
ceive the blast of burning gases just prior to
their exit from the combustion chamber. These
tubes 32 disposed in the main at an angle to
the vertical, are engaged by the burning gases

just as the gases are about to leave the combus-

tion chamber and any slag, ash or unburned fuel
impacting against these tubes 32, will be arrested
in their travel and will be thrown back to the
combustion chamber. The function of this bank
of tubes 382 is, then, to prevent any accumulation
of ash, slag or soot on the banks 24 and 25 of the
boiler section thereby keeping said banks clean
of accumulations and efficient. The second bank

33 of tubes is preferably also connected at their

upper ends to the upper steam-and-water drum
at a point above the water level 29 and, being ex-
posed to the high temperature of the ignition
chamber also constituting steam generating tubes
which facilitate the circulation of the water in
the downcomer bank 25 and the upward flow or
circulation of the water in the boiler in the
riser bank 24. They also function to cool the
baffle 30 which,. as above stated, substantially

forms a part of or extension of the front wall 12.

40

45

It is to be observed that the boiler section 2
of the generator is relatively small. 'The gases of
combustion traverse it but twice, first through

3 the bank of riser tubes and then through the bank

of downcomer tubes 25. It is the purpose of my
invention to thus make this boiler section of the
generator relatively small so that the gases of
combustion leaving the boiler section through the
opening or port 34 are still very hot for the pur-
poses to be hereinafter described.

But returning to the combustion chamber { the
lower header (8 of the rear wall is supplied with
water from the boiler conducted thereto through
the pipes 35 below the lower or bottom wall i4 of
the combustion chamber, said pipes 35 being pro-
tected from the radiant heat of combustion of the

" boiler by the bottom wall (4. "The forward end
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of the pipes 35 are connected to a header 36 ex-
tending transversely to the boiler and supplied
with water from the boller drum 23 through
downcomer pipes 31, it being understood that the
lower drum 23 is practically at the coolest por-
tion of the circulatory system of the boiler. 'The
cool water conducted therefrom through the
pipes 31, headers 36 and pipes 35 to the lower
header 18 of the rear wall, rises in the banks 20,
due to the generation of steam therein, and mov-
ing upwardly through the upper header 18 and

the bank of tubes 21 discharges into the upper

drum 22 of the boiler section above the watcr
level 29.

Adjacent the boiler section 2 is the air Leater 3,
the upper end of which is connected to the port 34
by a:conduit 38. This air heater 3 is an enclosed
box-like structure filled with vertical tubes 38

passing through the upper wall 40 of the air.
heater 3 and in communication with the duct 38..

These tubes 3% extend through the air heater 8
and through the bottom wall 41 thereof, to dis-
charge the hot gases of combustion passing there-

through directly into a duct 42 connected with an

induction draft fan 4 which in turn discharges
the gases of combustion drawn therethrough toa
duct 43 leading into the stack 5.

To effect 'a; transference of heat from the hot

3

gases of combustion in the air heater 3 to the air -

to be supplied to the burners 8 for combustion
purposes, I provide the forced draft fan § (see

" Fig. 2) which communicates through a duct 44

with one side of the air heater 3 delivering air
from the fan 6 to the space.in the air heater cut-
side of and between the pipes or tubes 33. On the
opposite side of the air heater 3 I provide a duct
45 leading downwardly from the side thereof and
discharging the hot air into the air box 46 cover-
ing the doors or openings 31 through which the
fuel is projected into the combustion chamber by
the burners 8. '

- The fuel for which these steam generator units
are supplied preferably consists of fine particles
suspended or floating in a gaseous medium, such
as air. In the drawings is more or less dlagram-
matically indicated a system whereby pulverized
solid fuel is thus projected into the ignition cham-
ber, but it is to be understood that a liquid fuel
may be similarly fed into and discharged into

15

20

the combustion chamber where a liquid fuel is

obtainable and is preferred. In either case the
tuel is projected as a cloud or spray of finely
divided separate particles floating in air. In order
that this finely divided fuel may be substantially
immediately ignited upon its entrance into the
combustion chamber, I prefer to suspend it in an
atmosphere the temperature of which is as high or
higher than the temperature necessary to ignite
it. It is for this purpose that the products of
combustion leaving the boiler section 2 of my
steam-generator are preferably very hot and are
immediately conducted to the air heater where
the heat of the spent gases is effectively trans-
ferred to the air which is immediately delivered
to the burners 8 projecting into the doors 31 of
the front furnace wall 2.

In the drawings I have shown merely in eleva-
tion, a pair of coal pulverizers T connected by
pipes 41 with the burners 8 whereby the pulverized
coal- delivered to the burners 8 is immediately
commingled with the hot air from the 2ir box 45
and discharged as a cloud inté the comibustion
chamber, .

I preferably provide the boiler with a suitable
superheater 8 comprising a bank cof tubes 48 ex-

_tending from the top of the upper drum 22 rear-

wardly and forming the superheater loop 9 In
the combustion chamber | across the outlet be-
tween the baffle 30 and the top wall §3. This
superheater 9 communicates with the superheat-
er drum 49 located in any desirable place and
preferably above the top wall i3 whence the
superheated steam may be conducted by suitable
piping to the point where it is to be utilized.

25
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It will thus be apparent that I have provided

an exceedingly compact and efficient unit where-
in the air admitted into the combustion cham-
ber with the finely divided fuel is at & high tem-
perature and that this heat for the air for com-

60"

‘bustion is transferred thereto from the gases of -
combustion leaving the boiler section of the gen-

erator at a temperature sufficiently high to heat

the air supplied to the combustion chamber to 2

. temperature as high or higher than that at which
the fuel will ignite.

Moreover, by the above arrangement the water
level 29 in the boiler may be allowed to fall con-
siderably because the riser pipes or tubes of the
banks 32 and 33 and some of the riser tubes of
the bank 24 of the boiler section normally dis-
. charge steam and water into the drum 22 com-
paratlvely near the top thereof and wha.t water

65 4.'
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is so discharged with the steam will be conducted
immediately into the downcomer tubes. 25 of the
boiler and to the lower drum 23. From the lower

drum 23 the water will flow to the headers 8§

of the side walls and to the headers 3¢ and 18
to the rear wall.
boiler tubes 24 and in the water cooled walls
and in the top wall will be discharged with a cer-
taln amount of water entrained therewith into
the upper drum 22, thereby insuring a continu-
ous circulation of water throughout the boiler

section and through the water cooled walls of the -

boiler even when the water level of the boiler is
relatively very low.

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

1. In a steam generating unit, the combina-
tion of a combustion chamber and a boiler sec-
tion, the walls of said combustion chamber. be-

.ing lined with water tubes exposed to the radiant

heat of the burning fuel in said chamber, and
forming a substantial part of the steam generat-
ing section of said unit, sald boiler section com-
prising a transverse steam-and-water drum at
the upper end of said boiler section, a transverse
water drum substantially vertically below said
first mentioned drum, a bank of riser tubes.con-
necting said lower drum with sald upper drum
at points above the normal water level of .said
boiler, a bank of downcomer tubes connecting
said upper drum below the water level thereof
with the lower drum, and a baffle extending be-
tween said banks downwardly from said upper
drum to a point adjacent but spaced from said
lower drum to provide a passage for the gases
of combustion from said riser bank to said down-
comer bank of said boiler, a wall extending from

"said lower drum upwardly between said com-

40
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bustion chamber and said boller section and pro-
viding at the top thereof a passage from the top
of sald combustion chamber to the top of said
boiler section for the passage of gases of com-
bustion, an additional bank of riser tubes ex-
tending from said lower to sald upper drum and
arranged to the rear of said wall, the heat ab-
sorptive capacity of said boller section being rel-
atively small whereby the temperature of the
gases of combustion leaving said boiler section
after traversing the tubes thereof is higher than
the temperature required to ignite the fuel in
said combustion chamber, burners for impelling
fuel in a finely divided condition into said com-
bustion chamber, and means to supply air to
said burners and means to fransfer the heat of
the gases, immediately they leave said boiler, to
said air on its passage to said burners to raise
the temperature of the alr so supplied to sub-
stantially the temperature at which sald fuel ig-
nites. :

2. In a steam generating unit, the combination
of a combustion chamber of a size sufficlently
large to provide for the complete combustion of
a finely divided fuel therein and a boller section
mounted on/ one side of said combustion cham-
ber, the top of sald boiler section being substan-
tially level with the top of said combustion cham-
ber, said boiler section comprising an upper drum,
a lower drum, and banks of tubes extending

therebetween, and a baffie extending from said
upper drum downwardly and terminating short .

of said lower drum to form a . passage between
said lower end thereof and said lower drum for
the passage of gases, a wall extending from said
lower drum upwardly beiween said combustion

The steam generated in the.
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chamber and sald boiler section and providing at

. the top thereof a passage from the top of said

combustion chamber to the top of said ‘bofler

for the passage of gases of combustion, said banks

of tubes including banks of riser tubes in the
passage between sald wall and one side of said
baflle and banks of downcomer tubes in the space
on the other side of said bafle, a bank of riser
tubes connecting said lower and upper drum and
positioned within said combustion chamber rel-
atively close to said upwardly extending wall to
cool said wall, exposed to the radiant heat of said
combustion chamber, and operative to supple-
ment the steam generating capacity of the unit,
and an additional bank of riser tubes connecting
sald lower and upper drum and apaced from said
last named bank, said additional bank of tubes
having inclined angularly disposed portions ex-
tending within the combustion chamber and
away from said wall for preventing the entrain-
ment of solid particles with the gases of com-
bustion passing into the boller section.

3. In a steam generating unit, the combination

of a combustioh chamber and a boiler section,
the walls of said combustion chamber being lined

with water tubes exposed to the radiant heat of

the burning fuel in said chamber, and forming
& substantial part of the steam generating sec-
tion of said unit, said boiler section comprising a
transverse steam-and-water drum at the upper
end of said boiler section and at the front of said
combustion chamber, a transverse water drum
substantially vertically below said first mentioned
drum, a bank of riser tubes connecting said lower
drum, with said upper drum at points above the
normal water level of said boller, & bank of down-
comer tubes connecting said upper drum below

‘the water level thereof with the lower drum, and

a baflle extending between said banks downwardly
from said upper drum to a point adjacent but
spaced from said lower drum to provide a passage
for the gases of combustion from said riser bank
to said downcomer bank of said boiler, a wall

10

15

extending from said lower drum upwardly be- -

tween said combustion chamber and said bofler

45

section and providing at the top thereof a pas- -

sage from the top of said combustion chamber
to the top of said boiler section for the passage
of gases of combustion, an additional bank of
riser tubes extending from said lower to said up-
per drum and arranged to the rear of sald wall,
the heat absorptive capacity of said boiler sec-
tion being relatively small whereby the tempera-
ture of the gases of combustion leaving said boiler
section after traversing the tubes thereof is higher
than the temperature required to ignite the fuel
in said combustion chamber, burners in the front
wall of said ¢ombustion chamber for impelling

fuel in a finely divided condition into said com--

bustion chamber, means to supply heated air to
said burners including an air heater in front of
said combustion chamber to transfer the heat of
the gases, immediately they leave said boller, to
sald air on its passage to said burners to raise
the temperature of the air so supplied to substan-
tially the temperature at which said fuel ignites.

4. In a steam generating unit, the combina-
tion of a combustion chamber and a boiler sec-
tion, the walls of said combustion chamber being
lined with water tubes exposed to the radiant

heat of the burning fuel in said chamber, and -

forming & substantial part of the steam generat-
ing section of said unit, sald boiler section com-
prising -a transverse steam-and-water drum at

the upper end of sald hoiler section and at the 75
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front of sald combustion chamber, a transverse
water drum substantially vertically below said
first mentioned drum, a bank of riser tubes con-
necting said lower drum with said upper drum at

points above the normal water level of said boiler, -

a bank of downcomer tubes connecting said up-
per drum below the water level thereof with the
lower drum, and a baflle extending between said
banks downwardly from said upper drum to a
point adjacent but spaced from said lower drum
to provide a passage for the gases of combustion
from said riser bank to said downcomer bank of
sald boiler, a wall extending from said lower
drum upwardly between said combustion cham-
ber and said hoiler section and providing at the

top thereof a passage from the top of said com- .

bustion chamber to the top of said boiler sec-

tion for the passage of gases of combustion, an

additional bank of riser tubes extending from
said lower to said upper drum and arranged to

* the rear of said wall, the heat absorptive capacity

of said boiler section being relatively small where-

by the temperature of the gases of combustidn

Jeaving said boiler section after traversing the
‘tubes thereof is higher than the temperature re-

quired to ignite the fuel in said combustion cham-
ber, burners for impelling fuel in a finely divided
condition into said combustion chamber, and
means to supply heated air to. said burners in-
cluding an air heater in front of said combus-
tion chamber, a duct through which the gases
of combustion leaving said boiler section are im-
mediately delivered to said air heater, a conduit
connecting the upper end of said boiler section

_ to the top of said air heater and a conduit to
. conduct said gases of combustion from said air

heater to the stack, and an induction fan to
draw said gases of combustion through said air
heater and to deliver the same to said stack, a
conduit from said air heater to the burners of
said combustion chamber, and a forced draft

10
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fan to drive the heated air directly to the burners. 20

JOHN PHILLIPS BADENHAUSEN.




