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10 Claims.
1

This invention relates to fluid heat exchange
apparatus, as exemplified by an installation burn-
ing a slag forming fuel at high rates of heat re-
lease and utilizing the products of combustion
therefrom in the generation of superheated steam.

The invention is specifically concerned with
improvements in an installation burning a slag
forming fuel under furnace temperature condi-
tions conducive to the release and maintenance
of ash and molten particles and to the subseguent
conditioning of the high temperature combustion
products delivered by the furnace. The inven-
tion involves a specific apparatus whereby the
condition of such high temperature products is
quickly changed from a molten state to a solid or
semi-solid state by cooling the furnace gases in
which the molten solids are carried in suspen-
sion. This cooling is accomplished by the mix-
ture with the furnace gases of a low temperature
tempering fluid under optimum conditions.

The invention provides an installation adapted
for the burning of pulverized coal at high com-
bustion rates and in a furnace of such space re-
strictions as those imposed by mobile power units,
such as steam locomotives, delivering produets of
combustion carrying suspended residual ash par-
ticles in a physical form conducive to sustained
high capacity heat absorption by the convection
steam generating surfaces.

In a more specific sense, the invention involves
a tempering fluid duct structure in which the
marginal part of a duct wall across the path of
oncoming furnace gases containing suspended
molten ash particles, is arranged in a forward po-
sition relative to the remainder of that wall so
as to promote the optimum tempering of the fur-
nace gases by the tempering fluid by minimizing
the concentration of the suspended slag particles
at a position adjacent that part of the duct.

Various structural features comprising the in-
vention are pointed out with particularity in the
subjacent claims forming a part of this specifica-
tion, and for a better understanding of this in-
vention, its advantages and the specific objects
attained by its use, reference should ke had to
the accompanying drawings in which a preferred
embodiment of the invention has been illustrated.

In the drawings:

Fig. 1 is a longitudinal vertical section of the
steam generator showing one of the forwardly in-
clined tempering fluid ducts at the outlet of the
primary furnace;

Fig. 2 is a partial vertical section on the line
2—2 of Fig. 4, showing the tempering fluid duct
section of the Fig. 1 installation on a larger scale;
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Fig. 3 is a transverse vertical section on the
line 3—3 of Fig. 2;

Fig. 4 is a horizontal section of the line 4—4
of Fig. 2; and

Fig. 5 is a partial vertical section on the line
5—5 of Fig. 2.

Fig. 1 of the drawings illustrates a water tube
steam generator for a locomotive, the height of
the installation, from its steam and water drum
18 to the bottom of the slag pan {2, being conse-
quently limited by the restrictions of standard
railway practice. The width of the installation is
similarly restricted.

As an indication of the adaptability of the illus-
trative steam generater for railway use, Fig. 1
shows the furnace or combustion chamber (4 as
disposed above the railway track (8. Conse-
quently, the furnace is considerably foreshortened
in-its vertical dimensions, this limitation impos-
ing difficult conditions relative to the burning
of the slag forming fuel at high combustion
rates. : '

The entire installation, including the furnace
14, is supported by a suitable locomotive frame,
and provides for the substantially horizontal
flow of combustion gases from the furnace
straight through the installation, beneath the
steam and water drum I8 to the flue {8, the walls
and other boundary surfaces being formed by
steam generating tubes connected into the fluid
circulation system including the steam and water
drum (9 and lower side headers 28 and 22. Fig. 3
indicates the manner in which such circulatory
components are arranged, disclosing the opposite
wall tubes 24 and 2§ leading from the headers
20 and 22, respectively, to the steam and water
drum {8.

The circulatory system providing wall cooled
surface for the furnace 14 also includes the front
wall headers 28 and 29, roof tubes 22, front wall
tubes 34, floor tubes 35 and 28, and side wall tubes
such as those indicated in Fig. 3. The floor tubes
lead from lower header 38 along the floor and
along the furnace walls to an upper auxiliary
header 2f which is connected to the drum {8 by
header 33, and appropriate connections.

The furnace is fired by a series of pulverized
fuel burners such as 40—A82, supplied with a
mixture of pulverized fuel and primary air
through burner tubes 44 and &8. The burners
extend through a secondary air chamber 538 and
direct fuel and air into the combustion chamher
through downwardly tapering burner throats
such as those indicated at 88—82. These burner
throats are formed hetween successive deflectors
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such as 55-—58, supported by the roof tubes in
the manner shown and more particularly indi-
cated in the co-pending patent application of .
. Bailey, Serial No. 86,172, filed April 8, 1849.

Flames from the burners impinge against a
stratum of molten slag upon the rearwardly in-
clined floor §0 of the furnace, and furnace gas
and melten slag particles in suspension fiow from
the furnace zacross and between the upright
shadow tubes §3—1i8 (Fig. 4).

The shadow tubes are appropriately connected
into the fluid circulation of the installation, and
they are arranged in two groups disposed directly
forwardly of the furnace gas tempering passages
K and M, disposed between the tempering fiuid
ducts TI—73. The shadow tubes are stud tibes,
covered with high temperature refractory ma-
terial as indicated at 74 and 76. This construc-
tien promotes the removal of molten solids by
flow downwardly along the refractory coverings
of the tubes and toward the slag pan {2.

It will be noted that shadow tubes 70 and 63
are offset inwardly from the adjacent walls 78
and 808. This construction, together with the
group arrangement of the shadow tubes, forms
the relatively wide gas passages R and S directly
in front of the forward walls of the tempering
fluid ducts 73 and 72. The two groups of shadow
tubes are alsc widely spaced to form the wide
central gas passage T forwardly of the front
concave wall 82 of the tempering fluid duct T{.

After passing the shadow tubes, the combus-
tion products including the furnace gases and
their suspended solids flow through the passages
K and M between forwardly inclined grouwns of
stearn generating tubes arranged to form the
tempering fluid ducts 71—13. The inlets of these
ducts, disposed at their lower ends, are appro-
priately connected with a source of temupering
fluid, such as low pressure steam, which may be
advantageously exhaust steam from prime mover.

The middle tempering fluid duct 74 is de-
lineated by the intermediate stud tubes 84 and
£8 which are arranged in wall formation such as
that shown in Fig. 4. Beyond these intermediate
tubes, the marginal stud tukes 88 and 88 are for-
wardly offset as shown in the drawings. All of
these wall tubes are preferably substantially uni-
formly spaced, with the inter-tube spaces clozsed
by high temperature refractory.

The forward walls of the tempering fluid ducts
72 and 78 are of a construction similar to that
just described, with the marginal stud tubes 82
and 24 offset forwardly of the remainder of those
walls. Thus, the tube 84 is offset forwardly rela-
tive to the intermediate tubes 926 and the wall
formed therealong by refractory $8. Similarly,
the marginal tube 22 is offset forwardly relative
to the tubes 18§ and the wall formed by the con-
necting refractory material.

The above described concave construction of
the forward walls of the tempering flvid ducts
acts to overcome or minimize the tendency of the
high velocity gases to carry the predominant pro-
porticn of the suspended molten solids through
the passages ¥ and M. This construction alaso
promotes the movement of the molten solids to-
wards the ash pan 12 and the slag discharge
opening {82, The forward walls of the temper-
ing fluid ducts, by reason of their forward in-
clination, tend to give such suspended sclids
downward components, and the flow of sich sus-
pended solids downwardly is increased hy the
inverted .trough-like construction of the walls.

The rearward walls of the tempering fluid
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ducts T1-—712 are formed by the rows of stud tubes
{84—187 constructed with the intervening re-
fractory to form the inclined slots (ig—ii4
through which the tempering fluid is transversely
injected into the furnace gases and become mixed
therewith.

For the purpose of periodically clearing the
inclined slots { 18—I {4 of slag accumulations high
pressure steam tubes [26—(23 extend ints the
ducts. These tubes are provided at vertically
spaced positions with steam jet nozzles such as
{28 and 128 directed toward the adjscent slcis.

Rearwardly of the tempering passages K and
M are the tube plattens 134 and (35. Tubes
forming these plattens have the major parts of
their lengths inclined in the same mannear as the
tubes forming the tempering fluid ducis and each
platten consists of six contiguous tubes which
are appropriately connected into the fuid ecir-
culation. Preferably, their uppser ends are con-
nected to the steam and water drum {2 and the
lower parts of some of the tubes forming the
ducts 7{—73. Such a connection is indicated at
{38 in Fig. 2. These platitens form radiant hest
shields and gas flow deflectors, and they divida
the chamber between the hank of widely spaced
screen tubes 140 and the tempering flvid ducts
into the two zones, the rearward zone {42, heing
free of fransverse tubes or other obstructions.
This arrangement promotes the distribution of
the furnace gases and the separation therefrom
of fly ash which is collected in the subjacent ash
pan 44,

After passing between the widely spaced tubes
of the screen 148 the furnace gases pass through
the flow equalizing space 145 and then between
and around - the closely spaced tubes of the
superheater screen {59. The gases next pass
over the closely spaced tubes of the convection
superheater 152 and then over the tubes of the
bank of upright steam generating tubes 154.
Beyond this point, the gases pass across the
bank of air heater tubes 156 to the flue (8.

Fig. 3 of the drawings indicates the construc-
tion of the installation at a position rearwardly
of the shadow tubes and looking toward the low-
er parts of the furnace gas tempering passages
K and M. As here indicated, the wall tubes

Jhave floor extensions such as 160 and (62 which
60

are reversely bent on opposite sides of the slag
discharge opening 102, for connection with the
headers 28 and 22, as indicated at (84 and [65.
The floor tube sections {60 and {62 and the low-
er parts of the wall tubes 24 and 28§, forwardly of
the tempering fluid ducts have their furnace
sides covered with high temperature refractory
as indicated at 118—I174. However, for the pur-
pose of promoting the cooling of the gases be-
yond the point of entry of the tempering gases

‘through passages M and K, the upper parts of

the wall tubes are bare as indicated at 176 and
178. The roof tube extensions 189 and 182 of
these tubes are similarly bare.

Exteriorly of the wall tubes 24 and 28 are rows
of downcomers 184 and (86 connected at their
upper ends to the steam and water drum {9 and
connected at their lower ends to the headers 29
and 22 as indicated in Fig. 3.

Fig. 5 indicates the manner in which the tubes
forming the walls of the tempering fluid ducts
are connected to the lower water headers 29 and
22. This figure also indicates the longitudi-
nally extending large diameter tempering fluid
conduits 180 and 192 which are transversely
connected to the lower ends of the tempering
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fluid ducts by the chamber 194. The ducts 180
and 192 extend along either side of the installa-
tion from a transverse conduit {96 receivin
tempering fluid from a conduit {98. :

For the purpose of maintaining the zone of
the slag discharge opening 122 above the fusion
temperature of the slag, the slag pan 2 is ap-
propriately connected with a conduit 288 which
extends through the larger conduit 199 to a posi-
tion where it is connected to the bypass duct
202 having the outlet 264 just forwardly of the
air heater 186, Bypass fow of high tempera-
ture furnace gases from the primary furnace
through the slag discharge opening and then to
the air heater may be controlled by an appro-
priately positioned damper.

Although this application discloses the pul-
verized fuel fired installation for a steam gen-
erator in which a tempering fluid is caused to

be mixed with the products of combustion in ¢

the furnace, this application’is limited to that
subject matter with the added construction of
the forward walls of the ducts through which
the tempering fluid is caused to flow in the fur-
nace. The general organization minus this
particular construction of the forward walls of
the ducts is claimed in the co-pending applica-
tion of Ervin G. Bailey and Ralph M. Hard-
grove, Ser. No. 86,171, filed on April 8, 1949,

What is claimed is:

1. In a water tube steam generator, a furnace
having its boundary surfaces delineated by
steam generating tubes and having means asso-
ciated therewith for burning pulverized fuel at
furnace temperatures above the fusion tempera-
tures of the non-combustible in the fuel, a con-
vection section including a bank of spaced steam
generating tubes, and inclined tempering fluid
ducts extending transversely of the furnace gas
flow between the furnace and the convection
section and having their walls formed by groups
of steam  generating tubes connected into the
circulation of the generator the steam generat-
ing tubes of the front walls of said ducts imme-
diately marginal relative to said passage being
offset toward the furnace from the adjacent
tubes.

2. Apparatus for conditicning
combustion of pulverized coal flowing horizon-
tally in a gas pass from a high temperature fur-
nace to a convection section including closely
spaced fluid heating tubes, said apparatus in-
cluding a fluid cooled furnace adapted to have
a slag stratum flowing over its floor to a slag
discharge opening, a tempering fluid system in-
cluding fluid cooled ducts for introducing and
mixing a tempering fluid with the horizontally
flowing stream of furnace gases between the
ducts, said duects keing inclined and extending
upwardly and forwardly of said opening through
the furnace gases and having opposite temper-
ing fluid discharge ports opening toward the
stream of furance gases, and means supplying
tempering fluid to said duects, the forward walls
of said ducts (presented toward oncoming fur-
nace gases) having their marginal portions ex-
tending forwardly of the remainder of said walls.

3. In a water tube steam generator, a primary
furnace having means associated therewith for
burning pulverized fuel at furnace temperatures
above the fusion temperatures of the non-com-
bustible in the fuel, the primary furnace having
koundary surfaces defined by wall cooling steam
generating tubes, groups of forwardly inclined
steam generating tubes connected into the cir-
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culation of the generator and arranged to present
a furnace gas cooling barrier across the vertical
extent of the furnace with a passage between the
groups of tubes for the exit of furnace gases
from the furnace, said groups of tubes being also
arranged to form inclined tempering fluid ducts
of relatively large free flow area extending into
the furnace and having tempering fluid ports at
the sides of said passage, means for supplying
said ducts with a supply of tempering fluid for
discharge of that fluid through said ports into
mixing relationship with the furnace gases, and
a convection section including a bank of steam
generating tubes and a superheater disposed
rearwardly of said tempering fluid ducts, the
ferward walls of said tempering fluid duects hav-
ing their edge parts marginal to said passage
offset forwardly relative to the remainder of the
forward walls.

4. In a steam generator, a pulverized coal
burning furnace operating at gas temperatures
in excess of the fusion temperature of the in-
combustible residue from the fuel, burners, water
cooled tubes defining the furnace houndary sur-
faces, a convection section including closely
spaced steam generating tubes, spaced groups of

" steam generating tubes delineating the front and

rear walls of inclined tempering fluid duets with
their cutlets lJeading to furnace gas passages be-
tween said groups, and means supplying a tem-
pering fluid to said ducts, the front wall tubes of
said groups marginal to said passage being offset
forwardly of remainder of the front walls.

5. In a water tube steam generator, a primary
furnace having means associated therewith for
burning pulverized fuel at furnace temperatures
above the fusion temperatures c¢f the non-com-
bustible in the fuel, the primary furnace having
boundary surfaces defined by wall cooling steam
generating tubes, groups of forwardly inclined
steam generating tubes connected into the cir-
culation of the generater and arranged to present
a furnace gas cooling barrier across the vertical
extent of the furnace with a passage between
the groups of tubes for the exit of furnace gases
from the furnace, said groups of tubes bheing
also arranged to form inclined tempering fluid
ducts of relatively large free flow area extending
into the furnace and having tempering fluid
ports at the sides of said passage, means for
supplying said ducts with tempering fluid for
discharge of that fluid through said ports into
mixing relationship with the furnace gases, and
a convection section including a bank of steam
generating tubes and a superheater disposed
rearwardly of said itempering fluid ducts, the
forward walls of said tempering fluid ducts being
of - trough-like formation with their channels
cpening toward the primary furnace.

6. In a water tube steam generator, a furnace
having its boundary surfaces defined by steam
generating tubes and having means associated
therewith for burning pulverized fuel at furnace
temperatures above the fusion temperature of
the nen-combustibles in the fuel, a convection
section including a bank of steam generating
tubes, and tempering fluid ducts having outlets
directed transversely of the flow of furnace gases
between the furnace and the convection section,
said ducts having front walls extending trans-
versely of the flow of furnace gases and having
marginal portions offset forwardly of the re-

. mainder of said walls.

7. In a vapor generator, a furnace having its
boundary surfaces defined by vapor generating
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tubes and having means associated therewith for
burning pulverized fuel at furnace temperatures
above the fusion temperature of the non-com-
hustibles in the fuel, a convection section includ-
ing a bank cf vapor generating tubes heated by
gases from the furnace, and tempering fluid ducts
having cutlets directed transversely of the flow
of furnace gases between the furnace and the
convection section, said ducts having front walls
extending transversely of the flow of furnace
gases and having marginal portions offset for-
wardly of the remainder of said walls, said front
walls thereby presenting channels opening to-
ward oncoming furnace gases.

8. Apparatus for conditioning products of com-
bustion of pulverized ccal flowing horizontally in
2 gas pass from a high temperature furnace to
a. convection section including closely spaced
fluid heating tubes, said apparatus including a
fluid cooled furnace adapted to have a slag
stratum flowing over its floor to a slag discharge
opening, a tempering fluid system including trans-
versely spaced fluid cooled ducts for introducing
and mixing a tempering fluid with the herizontal-
ly flowing stream of furnace gases between the
ducts, said ducts being inclined and extending
upwardly and forwardly of said opening through
the furnace gases and having opposite temper-
ing fluid discharge ports opening toward the
stream of furnace gases, the forward walls of
said ducts (presented toward ocncoming furnace
gases) having their marginal portions extending
forwardly of the remainder of said wall, and up-
right shadow tubes connected into fluid circula-
tion and grouped across the furnace gas flow at
positions forwardly of the spaces between said
adjacent fluid cooled ducts.

9. In a water tube steam generator, a primary
furnace having means associated therewith for
burning pulverized fuel at furnace temperatures
above the fusion temperatures of the non-com-
bustible in the fuel, the primary furnace having
houndary surfaces defined by wall cooling steam
generating tubes, groups of forwardly inclined
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culation of the generator and arranged to pre-
sent a furnace gas cooling barrier across the
vertical extent of the furnace with a passage be-
tween the groups of tubes for the exit of furnace
gases from the furnace, said groups of tubes
keing also arranged to form inclined tempering
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fluid ducts of relatively large free flow area ex-
tending into the furnace and having tempering
fluid ports at the sides of said passage, means
for supplying said duects with a supply of temper-
ing fluid for discharge of that fluid through said
ports into mixing relationship with the furnace
gases, a convection section including a bank of
steam generating tubes and a superheater dis-
posed rearwardly of said tempering fluid ducts,
the forward walls of said tempering fluid duects
having their edge parts marginal to said passage
offset forwardly relative to the remainder of the
forward walls to present concave faces to on-
coming furnace gases, and upright shadow tubes
connected into the fluid circulation of the steam
generator and arranged across furnace gas flow
at a position forwardly of said passage to direct
fused ash particles against the forward walls of
said ducts.

16. In a steam generator, a pulverized coal
burning furnace, burners, water cooled tubes de-
fining the furnace boundary surfaces, a convec-
tion section including closely spaced steam gen-
erating tubes extending across gas flow from
said furnace, spaced groups of steam generating
tubes delineating the front and rear walls of in-
clined tempering fluid ducts with side outlets
leading to furnace gas passages bhetween said
groups, means supplying a tempering fluid fo
said ducts, the front wall tubes of said groups
marginal to said passage heing offset forwardly
of remainder of the front walls, and upright
shadow tubes connected into the fluid circulation
of the steam generator and disposed in groups
across furnace gas flow at positions forwardly
of said passages.

JAMES L. HARVEY.
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