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This invention relates to steam generators, more par-
ticularly to the method of burning slag forming fuels in
large capacity supercharged vapor generating power
plants. T -

In large capacity supercharged vapor generating power
plants, it is commercially impractical to provide all the
necessary heat transfer elements in a single shell because
of the construction problems arising from the fact that
combustion gas pressures in supercharged vapor generat-
ing plants are in the order of 60 to 80 p.s.i.g. Therefore,
Jarge capacity supercharged vapor generating plants com-

prise a plurality of separate shells or sections, each of

which contains heat transfer elements and is independent-
ly fired to generate vapor and superheat vapor and/or
reheat vapor. The combustion. gas generated in each of
the plurality of sections is conducted from each of the

. shells to a common flue, and thence to a gas turbine-

compressor assembly. These sections are gas or oil fired
fo obviate ﬁhe-problem of non-combustible matter which
is entrained in the combustion gas adhering to the sur-
faces of the heat transfer elements in the convection
zone, which problem exists where slag producing fuels
are burned. It is well known in the boiler art that
slagging on the convection elements may be obviated
where a slagging fuel, such as pulverized coal, is burned
by recirculating combustion gas from a point, with re-
spect to the combustion gas flow, after the economizer
of a boiler into the combustion zone or furnace cham-
ber to reduce the temperature of the combustion. gas
in the combustion zone so that the combustion gas is
below the fusion point of the ash before it reaches the

convection elements. However, recirculation of com-
bustion gas after the

the combustion gas pressure is substantially reduced so
that recirculation of combustion gas after the economizer

bustion gas must first pass through a gas turbine where

. Would require an exceptionally large recirculation com-

pressor which results in a substantial loss in overal] ef-

ficiency of the power plant. | |

It is therefore one of the objects of this invention to
provide a method of burning a slag forming fuel in a
multi-section supercharged vapor generator plant without

- a slagging condition occurring on the heat transfer ele-

ments in the convection zones of the sections. Another

object of this invention is to provide a method of burn.

ing a slag forming fuel in a supercharged multi-section

vapor generating plant whereby plant ‘efficiency is su-
perior to conventional non-supercharged vapor genera-
tors of comparable capacity. | S

- Accordingly, the present invention contemplates, in
a multi-section supercharged vapor generating plant, a
~method of burning a slag forming fuel wherein a slag

forming fuel is burned in a first combustion zone to pro-
duce a combustion gas at a temperature above the fusion
point of the non-combustible material in the combustion
gas so that the non-combustible material is in a molten

~ state, and then, flowing the first combustion gas from said

v | economizer section in a super-
charged boiler is not economically feasible since the com-
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- first 'combustion zone into indirect heat exchange rela-
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‘tionship with a relatively cool fluid to heat the latter and

cool said first combustion gas. Thereafter, pumping a
portion of the cooled first combustion gas 1nto the first
combustion zone and into admixture with the first com-
bustion gas generated in the combustion zone to produce
a first resultant combustion gas having a temperature be-
low the fushion point of the non-combustible material
entrained in the resultant combustion gas so that the en-
trained molten non-combustibles are solidified before the

latter gas passes into indirect heat exchanger relationship

with said relatively cool fluid. In a second combustion
zone, burning a slag forming fuel to produce a second
combustion gas having a temperature above the fusion
point of the non-combustible material in the second com-
bustion gas so that the non-combustible material is in a
molten state. Thereafter, passing the other portion of
the cooled first combustion gas into said second com-
bustion zone and into admixture with said second com-
bustion gas to produce a second resultant gas having a

~temperature below the fusion point of the non-combusti-

ble material entrained in said second resultant combus-
tion gas so that the entrained molten non-combustibles
are solidified before passing from said second combustion
zone. From the second combustion zone, the second re-
sultant combustion gas is passed in indirect heat exchange

- relationship with- a relatively cool fluid to heat the latter
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and cool the second resultant combustion gas. In a third
combustion zone, burning a slag forming fuel to produce
a third combustion gas having a temperature above the
fusion point of the non-combustible material in the third
combustion gas so that the non-combustible material is
in a molten state. Thereafter passing the cooled second
combustion gas into said third combustion zone and into
admixture with the third combustion gas to provide a
third resultant combustion gas having a temperature be-
low the fustion point of the non-combustibles entrained
in the third resultant gas so that the entrained molten
non-combustibles solidify before the latter combustion
gas is passed from the third combustion zone. The third
resultant combustion gas is then passed into indirect heat
exchange relationship with a relatively cool fluid to heat
the latter and cool the third resultant gas. After the
third resultant gas is cooled, it is passed to a place of

‘use, such as a turbine-compressor assembly, wherein the -

gas functions to turn the turbine which in turn operates

- the compressor to compress the combustion air which is

fed to the first, second and third combustion zones.
- The invention will be more fully understood from the
following description when considered in connection with

‘the accompanying drawing. _ _
" In the drawing, a supercharged vapor generating power

plant’ according to this Invention is somewhat diagram-
matically shown. For illustration purposes the power
plant is shown as comprising three separate sections or
boilers 10, 11 and 12 although it is contemplated that
the power plant may comprise two boilers or more than
three sections or boilers without departing from the spirit
and scope of this invention. =~ | |

- The boilers 19, 11 and 12 comprise cylindrical settings
13, 14 and 185, respectively, having in the lower portions

“thereof high temperature combustion zones or furnaces
16, 17 and. 18, respectively, and in the upper portions

thereof convection zones or sections 19, 20 and 21, re-

= spectively. Each of the boilers 10, 11 and 12 is provided

with suitable fuel burners 22 which are connected to re-

- cetve from a suitable source thereof (not shown) a slag
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forming fuel, as for example, pulverized coal, and are
adapted to introduce the fuel into combustion zones 16,
17 and 18 of the boilers. Combustion air for supporting
combustion of the fuel is introduced under pressure into

- each of the combustion zones 16, 17 and 18, by way of
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valved lines 23, 24 and 25, respectively. Valved lines
23, 24 and 25 are each connected to a main combustion
air supply line 26 which is connected fo receive com-
pressed air from a gas turbine-compressor -assembly 27.
In the convection zones or sections 19, 20 and 21 of the
boilers, vapor generating tubes 28 may be arranged around
the inner surfaces of the settings, which tubes may be
connected at one end to annular inlet headers 29 and at
the opposite ends to outlet headers 30.

As shown, boiler 10 is provided, in convection section
19, with a secondary superheater tube bank 31 and,
above the latter, a vapor generating tube bank 32. In
convection section 29 of boiler 11, a primary superheater
tube bank 33 is provided, while, in convection section 21
of boiler 12, a reheater tube bank 34 and a convection
vapor generating tube bank 35 are disposed. It is to be
understood that while convection vapor generating tube

banks 32 and 35, superheater tube banks 31 and 33, and

reheater tube bank 34, are shown in the form of a hehcal
coil, they may be constructed and arranged within the
convection sections in any other suitable manner.

The boilers 10, 11 and 12 are interconnected, as here-
inafter described, to a single vapor-liquid drum 36 al-
though two or more vapor-liquid drums may be prowded
without departing from the spirit and scope of this in-
vention,

Vapor generating tubes 28 of each of the boilers 10, 11
and 12 are connected through inlet headers 29 and down-
comers 37 to vapor-liquid drum 36 to receive liquid from
the latter. The liquid flows through tubes 28 and in in-
direct heat exchange relationship with products of com-

bustion flowing through convection sections 19, 20 and -

21 of the boilers whereby saturated vapor is generated.
The tubes 28 are connected, through outlet headers 30
and risers 38, to vapor liquid drum 36 to pass the satu-
rated vapor to the latter. Convection vapor generating
tube banks 32 and 35 of boilers 1§ and 12 are connected
to vapor-liquid drum 36 by way of downcomers 39. The
liquid flows through tube banks 32 and 35 and in in-
direct heat exchange relationship with combustion gas
flowing through the respective convection sections 19 and
21 of boilers 10 and 12 to produce saturated vapor.
Vapor generating tube banks 32 and 35 are connected by
risers 40 to vapor-liquid drum 36 to pass the saturated
vapor to the latter.

Primary superheater tube bank 33, in convection sec-
tion 20 of boiler 11, is connected through line 41 to

receive vapor from vapor-liquid drum 36, the vapor in

flowing through the primary superheater passes in indi-
rect heat exchange relationship with combustion gas flow-
ing through convection section 21 and is thereby heated.
Tube bank 33 1s connected by line 42 to secondary super-
heater tube bank 31, in convection section 19 of boiler
18, to conduct the superheated vapor to superheater tube
bank 31. In secondary superheater tube bank 31, the
superheated vapor is heated to a final predetermined
superheat temperature by passing in indirect heat ex-
change relationship with combustion gas flowing through
convection section 19 of boiler 108. The superheated
vapor is conducted from secondary superheater tube bank
31 to a high pressure stage of a vapor turbine, not shown.

Reheater tube bank 34, in convection section 21 of
boiler 12, is connected through a line 43 to an interme-
diate pressure stage of a vapor turbine (not shown) to
receive vapor therefrom. The vapor is heated in reheater
tube bank 34 to a predetermined temperature by passing
in indirect heat exchange relationship with combustion
gas flowing through convection section 21. The reheated
vapor 1s conducted from reheater tube bank 34 by way

of line 44 to a low pressure stage of a vapor turbine, not
shown,

‘As previously described, each of the boilers 10, 11
and 12 are provided with fuel burners 22 which are
adapted to burn a slag forming fuel in the respective

combustion. zones 16, 17 and 18 of boilers to thereby. pro- 75 sure. which is: maintained between boilers 11 and 12. A
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duce, in each of the combustion zones, a combustion gas
havmg a temperature above the fusmn point of the non-
combustible material in the fuel. To obviate slagging of
the non-combustible material entrained in the combustion
cas on the heat transfer elements which are disposed in
convection sections 19, 20, 21 of the boilers, the boilers
are serially interconnected for the flow of cooled com-
bustion gas into their respective combustion zones as here-
inafter described.

A line or duct 45 is connected at one end to the top
portion of boiler 10 and in communication with convec-
tion section 19 to receive from the latter combustion
gas which has been cooled by flowing over secondary
superheater tube bank 31, vapor generating tube bank 32,
and adjacent vapor generating tubes 28, duct 435 being con-
nected at its other end to two branch ducts 46 and 47.
Duct 46 communicates through a recirculation fan or
blower 48 with combustion zone 16 of boiler 10, while
duct 47 communicates with combustion zone 17 of boiler
11. Recirculation blower 48 draws a portion of the
cooled combustion gas, through ducts 45 and 46, and
forces a sufficient amount of the cooled combustion gas
into combustion zone 16 and into admixture with the
combustion gas generated within the combustion zone o
produce a combustion gas mixture having a temperature
below the fusion point of the molten non-combustible
material in the combustion gas so that the entrained
non-combustible material solidifies before the combustion
gas mixture passes into convection section 19 of boiler
16. The other portion of the cooled combustion gas
flows through ducts 45 and 47 into combustion zone 17
of boiler 11 and into admixture with the combustion
gas generated in combustion zone 17 to produce a com-
bustion gas mixture having a temperature below the fusion
point of the molten non-combustible materal in the com-
bustion gas so that the entrained non-combustible ma-
terial solidifies before the combustion gas mixture passes
into the convection section 20 of boiler 11.

A duct 49 is provided to pass the combustion gas mix-
ture which has been cooled in passing in indirect heat
exchange relationship with the vapor ﬂeneratmg tubes 28
and primary superheater tube bank 33 in convection sec-
tion 29 of boiler 11, from the top portion of convec-
tion section 20, info combustion zone 18 of boiler 12
and Into admixture with the combustion gas generated
in combustion zone 18 to produce a combustion gas mix-
ture having a temperature below the fusion point of the
molten non-combustible material in the combustion gas
so that the entrained non-combustible material solidifies
before the combustion gas mixture passes into convection
zone 21. A duct 59 is provided to conduct the combus-
tion gas which has been cooled by passing in indirect
heat exchange relationship with the fluid in vapor gen-
erating tubes 28, vapor generating tube bank 35 and re-
heater tube bank 34, from the top portion of convection

section 21 to gas turbine-compressor assembly 27, the

combustion gas driving the turbine which in turn drives
the compressor,

By the relative adjustment of the valves in valved lines
23, 24 and 25 to control flow of combustion air into the

respective combustion zones of boilers 1@, 11 and 12,

and by differential firing of the boilers, a lower combus-
tion gas pressure is maintained in boiler 11 than in botler
19 and a still lower combustion gas pressure in boiler 12
than in boiler 11, By maintaining a combustion gas
pressure differential between boiler 10 and boiler 11 and
between boiler 11 and boiler 12, cooled combustion gas

- will flow from convection section 19 of boiler 19 through

70

ducts 45 and 47, into combustion zone 17 of boiler 11,
without the need for a circulating fan or blower. Like-
wise, combustion gas will flow from convection section
20 of boiler 11 into combustion zone 18 of boiler 12
through duct 49 without the need for a circulating fan
or blower because of the differential combustion gas pres-

.
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- 8as as hereinbefore described.

- material entrained i :
- prior to passage into the respective convection zones 19,

combustion zone 16 through ducts 45 and 46 since there

is a small pressure drop through convection section 19

of boiler 10 and duct 45. | o -
However, while it is desirable to maintain a combus-

tion gas pressure differential between boilers 10, 11 and

2,068,288

12, it is essential for maximum efficiency of the super-

charged vapor generating power plant to maintain as
small differential combustion gas pressure as possible be-
tween the boilers, as for example, a combustion gas pres-
sure differential between boiler 10 and boiler 12 within
the range of 2 to 4 p.sig. R -

In operation of the. supercharged vapor generating

power plant above described, a slag forming fuel, such
as pulverized coal, is fired in the respective high tem-
perature combustion zones 16, 17 and 18 of boilers 10,

‘11 and 12 by fuel burners 22 to generate combustion gas

having 2 'temperatu_re within the range of 2,600° F. to

- 3,000° F., at which temperature the non-combustible

materials in the fuel are in a molten state. While only
one burner is shown in each of the boilers, it is contem-
plated that g plurality of burners may be employed which

are arranged and directed to produce a cyclonic effect

in combustion zones 16, 17 and 18.
A substantial amount of the molten non-combustible

material separates from the gaseous products of combus-

- tion in combustion zones 16, 17 and 18 and flows down-

wardly along the walls of the combustion zones and out
of the bottom of the boijlers through an opening therein,
not shown, and outlet means 16A, 17A and 18A of the
respective boilers 10, 11 and 12. The combustion gas in
each of the combustion zones 16, 17 and 18 passes up-
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nected to manifolds or gas plenum chambers (not shown)
which are disposed adjacent the combustion zones so that
the cool combustion gases enter the combustion zones at
various spaced points and at such angles as to achieve
complete mixing with the high temperature combustion
gases. | | |
~ The cooled combustion gases from convection zone 21
of boiler 12 pass through duct 50 into the turbine of
turbine-compressor assembly 27 and, after discharge
from the turbine, pass to a suitable economizer and/or
air heater (not shown) through line 51. | |
From the foregoing description, it can be readily seen
that a novel method of gas recirculation has been pro-
vided in a multi-boiler supercharged vapor generating
power plant whereby a slag forming fuel may be burned
without slagging of non-combustible material on the heat
transfer elements in the convection section of the boilers.
1t is a method of recirculating cool combustion gases into

‘the combustion zones of the boilers where only one re-

circulation fan or blower of relatively small size is re-
quired. |

~ Although but one embodiment of the invention has

been illustrated and described in detail, it is to be ex-
pressly understood that the invention is not limited there-
to. Various changes may be made in the design and
arrangement of parts without departing from the spirit
and scope of the invention, as the same will now be
understood by those skilled in the art.

What is claimed is: - |

1. In a supercharged vapor generating plant having a

| 'plurality of combustion zones, the method of firing a

wardly into the respective convection sections 19, 20 and

21 and in indirect heat exchange relationship with the
fluids flowing through the heat transfer elements dis-
posed therein to heat the latter and cool the combustion
. ‘ Secondary superheater
tube bank 31, vapor generating tube bank 32 and vapor
generating tubes: 28 -in cn::invectio_n section 19 of boiler 10

are constructed and arranged in- relation to combustion
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gas temperature and flow rates, to provide a rate of heat

transter sufficient to cause the combustion gas flowing
through conve-ct_iqn section 19 to be cooled fo a tempera-
ture of approximately 900° F., while primary super-

45

heater tube bank 33 and vapor generating tubes 28 in

convection section 26 of boiler 11 are constructed and -

arranged in relation to combustion gas temperature "and
flow rates, to provide a rate of heat transfer sufficient to

cause the ‘combustion gas passing through ‘convection
section 2§ to be cooled to a temperature of 1,000° F.

In convection section 21 of boiler 12, reheater tube bank
34, convection vapor generating tube bank 35 and vapor

generating tubes 28 are constructed and arranged to pro-

vide a heat transfer rate in relation to the combustion gas

- temperature and flow rates, which will cool the combus--
tion gas, flowing through convection section 21 to a tem-

perature of 1,400° F.

~ To prevent slagging of the molten non-combustible -

material entrained in the combustion gas, a portion of the

- ccoled combustion gas flows from convection section 19

of boiler 1¢ by way of duct 45 and is pumped by blower

48 into the combustion zone 16 of boiler 10 by way of
line 46, while the other portion of the cooled combustion

.. gas flows through duct 47 into the combustion zone 17 :
~of boiler 11. - At the same time, the cooled combustion

gas passes from convection - section 20 of boiler 11
through duct 49 into combustion zone 18 of boiler 12.

- To insure optimum mixing of the cooled ‘combustion |
- gases with the high temperature combustion gases in the
- respective combustion

1 zones 16, 17 and 18 of boflers 10,
11 and 12, so that substantially all of the non-combustible

- 20 and 21, each of the ducts 46, 47 and 49 may be con

n the combustion gases is solidified

slag forming fuel comprising the steps of burning a slag
forming fuel in a first combustion zone to produce a
first combustion gas, passing said combustion gas into
indirect heat exchange relationship with heat transfer ele-
ments whereby heat is absorbed from said gas, recirculat-
ing a portion of said first combustion gas after it is cooled
into the first combustion zone and into admixture with
the combustion gas generated in said first combustion
zone by the burning of slag forming fuel, burning a slag
forming fuel in a second combustion zone to produce:
a second combustion gas, passing the other portion of the
cooled first combustion gas into said second combustion
zone and into admixture with said second combustion
gas, passing the admixed first and second combustion
gases into indirect heat exchange relationship with heat

transfer elements whereby heat is absorbed from said.

- 8ases, burning a slag forming fuel in a third combustion
- zone 1o produce a third combustion gas, flowing the

60

cooled first and second combustion gas admixture into

- said third combustion zone and into admixture with said

third combustion gas, passing the first, second and third

‘combustion gas admixture in indirect heat exchange rela-

- tionship with heat transfer elements whereby heat is ab-
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sorbed from said combustion gas admixture and there-
after passing the cooled first, second and third combus-
tion gas admixture to a place of use. | .
2. In a supercharged vapor generating plant, the
method of burning a slag forming fuel comprising the
steps of burning a slag forming fuel in a first combustion

~Zone to produce a first combustion gas, passing said first
-~ combustion gas in indirect heat transfer relationship with

65

70
" second combustion zone and into admixture ‘with said
‘second combustion gas, then passing the admixture of
said first and second combustion gases into indirect heat

7%

relatively cool fluid to heat the latter and cool said first
combustion gas, recirculating a portion of said cooled first
combustion gas into said first combustion zone and into
admixture with the combustion gas generated in said first

- combustion zone by the burning of slag forming fuel,

burning a slag forming fuel in a second combustion zone
to produce a second combustion gas, passing the other
portion of said cooled first combustion gas Into said

transfer relationship with a relatively cool fluid to heat
the latter and cool said combustion gas admixture, burn-




ing a slag forming fuel in a third combustion zone to
produce a third combustion gas, flowing the cooled first
and second combustion gas admixture into said third
combustion zone and into admixture with said third com-
bustion gas, passing the first, second and third combustion
gas admixture in indirect heat transfer relationship with
a relatively cool fluid, and thereafter passing the cooled
first, second and third combustion gas admixture to a
place of use. |

3. In a supercharged vapor gemerating power plant,
the method comprising the steps of burning a slag form-
ing fuel in a first high temperature combustion zone to
produce a first combustion gas at a temperature above
the fusion point of the non-combustibles in said slag
forming fuel, passing said first combustion gas in indirect
heat exchange relationship with a relatively cool fiuid
to heat the latter and cool the first combustion gas, re-
circulating a portion of said cooled first combustion gas
into-said first combustion zone and into admixture with
sadi first combustion gas to provide a first resultant com-
bustion gas having a temperature below the fusion point
of the non-combustibles in -said slag forming fuel so that
substantially all of the molten non-combustibles entrained
in said resultant combustion gas mixture are solidified,
burning a slag forming fuel in a second high temperature
combustion zone to produce a second combustion gas a
temperature above the fusion point of the non-com-
bustibles in said slag forming fuel, passing the other por-
tion of said cooled first combustion-gas into said second
combustion zone and into admixture with said second
combustion gas to provide a second resultant combustion
oas mixture having a temperature below the fusion point
of the non-combustibles in said slag forming fuel to
solidify substantially all of the molten non-combustibles
in the second resultant combustion gas mixture before
it passes -from said second combustion zone, passing the
second resultant combustion gas mixture into indirect
heat exchange relationship with a relatively cool flmd
to heat the latter and cool the second resultant combus-
tion gas mixture burning a slag forming fuel in a third
high temperature combustion zone to produce a third
combustion gas at a temperature above the fusion point
of the non-combustibles in said slag forming fuel, pass-
ing said cooled second resultant combustion gas mixture
into said third combustion zone and into admixture with
sajid third combustion gas to provide a third resultant
combustion gas mixture having a temperature below the
fusion point of the non-combustibles in the slag forming
fuel to solidify substantially all of the molten non-com-
bustibles in the third resultant combustion gas mixture,
passing the third resultant combustion gas mixture into
sndirect heat exchange relationship with a relatively cool
auid to heat the latter and cool the third resultant com-
bustion gas mixture, and thereafter passing said cooled
third resultant combustion gas mixture to a place of use.

4. In the supercharged vapor generating power plant,
the method of burning slag forming fuel comprising the
steps of burning a slag forming fuel in a first high tem-
perature combustion zone to produce a first combustion
gas at a temperature above the fusion point of the non-

combustibles in said fuel, passing said first combustion

aas from the first combustion zone into indirect beat
exchange with fluid to heat the latter and cool said first
combustion gas, recirculating a portion of cooled first
combsution gas into said first combustion zone and into
admixture with said first combustion gas at a point before
the latter passes into indirect heat exchange relationship
with said fluid to produce a first resultant combustion
cas having a temperature below the fusion point of the
non-combustibles in said fuel so that the entrained non-
combustibles are solidified before passing from said first
combustion zone, burning a slag forming fuel in a second
high temperature combustion zone to produce a second
combustion gas at a temperature above the fusion point

of the non-combustibles ‘in said fuel, passing the other
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8 _ |
portion of said cool first combustion gas into said second
combustion zone at a point before the second cormr
bustion gas passes from said second combustion zone
and into admixture with the latter to produce a second
resultant combustion gas having a temperature below
the fusion point of the non-combustibles in said fuel
so that the entrained non-combustibles are solidified
before passing from said second combustion zone, flow-
ing said second resultant combustion gas from said second
combustion zone into indirect heat exchange relation-
ship with a fluid to heat the latter and cool said second
resultant combustion gas, burning a slag forming fuel
in a third high temperature zone to produce a third com-
bustion gas at a temperature above the fusion point of
the non-combustibles in said fuel, passing said cooled
second combustion gas into said third combustion zone
at a point before the third combustion gas passes from
said third combustion zone and into admixture with the
latter to produce a third resultant combustion gas hav-
ing a temperature below the fusion point of the non-
combustibles in the fuel so that the entrained non-com-
bustibles are solidified before passing from said third
combustion zone, passing the third resultant combustion
gas from said third combustion zone into indirect heat
exchange relationship with a fluid to heat the latter and
cool said third resultant combustion gas, passing the
cooled third resultant combustion gas to a place of use.

5. Tn a supercharged vapor power plant having a plu-
rality of combustion zones, the method of burning pul-
verized fuel in each of said zones comprising the steps
of burning a pulverized fuel in a first high temperature
combustion zone to produce a first combustion gas at a
temperature above the fusion point of the non-com-
bustibles in said fuel, passing said first combustion gas in
indirect heat exchange relationship with a fluid to heat
the latter and cool said first combustion gas, recirculat-
ing a portion of said first combustion gas into said first
high temperature combustion zone and into admixture
with further first combustion gas generated in said coms-
bustion zone by the burning of additional quantities of
pulverized fuel, the recirculation of said portion of said
first combustion gas into admixture with said further first
combustion gas to produce a first resultant combustion
gas having a temperature below the fusion point of slag in
said fuel so that the entrained molten slag is solidified be-
fore passing in indirect heat exchange relationship with

J—

said relatively cool fluid, passing said first resultant com-

bustion gas in indirect heat exchange relationship with
fluid to heat the latter and cool said first resultant com-
bustion gas, passing a portion of said cooled first result-
ant combustion gas into said first combustion zone, burn-
ing pulverized fuel in a second high temperature com-
bustion zone to produce a second combustion gas at a
temperature above the fusion point of the slag in said
fuel, passing the other portion of said cooled first result-
ant combustion gas into said second high temperature
combustion zone and into admixture with said second
combustion gas to produce a second resultant com-

 bustion gas having a temperature below the fusion point

60

65

70

(£

of slag in said fuel to solidify the entrained molten
slag before said second resultant combustion gas passes
from said second combustion zone, flowing said second
resultant combustion gas from the second combustion
zone into indirect heat exchange relationship with a fluid
to heat the latter and cool said second resultant com-

‘bustion gas, burning pulverized fuel in a third high tem-

perature combustion zone to produce a third combustion
oas at a temperature above the fusion point of slag in
said fuel, passing said cooled second resultant com-
bustion gas into said third combustion zone and into ad-
mixture with said third combustion gas to produce a
third resultant combustion gas having a temperature be-
low the fusion point of said fuel so that said third re-
sultant combustion gas is below the fusion point of said
slag to solidify the entrained molten slag before pass-

e
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ing from said third combustion zone, flowing said third
resultant combustion gas into indirect heat exchange re-
lationship with a fluid to heat the latter and cool. said
third resultant combustion gas, and passing said cooled
third resultant combustion gas to a place of use.

6. In a supercharged vapor generating plant having a
plurality of boilers each of which has a combustion zone
and a convection zone disposed thereabove, the method
of burning a slag forming fuel in each of said boilers
comprising the steps of burning a slag forming fuel in a
first combustion zone of a first boiler to produce a first
combustion gas at a temperature above the fusion point

of the non-combustibles in said fuel so that the non-

combustibles are in a molten state, passing said first com-
- bustion gas from the first combustion zone into indirect
heat exchange relationship with a fluid in a first con-
vection zone of said boiler to heat the fluid and cool
‘said first combustion gas, passing the cooled first com-
~ bustion gas from the first convection zone, passing a

- portion of said cooled first combustion gas into said first

bustion gas to produce a first resultant combustion gas
having a temperature below the fusion point of the non-
combustibles in said fuel so that when the first resultant
combustion gas enters the first convection zone the en-
trained molten non-combustibles are solidified, burning
a slag forming fuel in a second combustion zone in a
second boiler to produce a second combustion gas hav-
ing a temperature above the fusion point of non-com-
bustibles in said fuel so that the non-combustibles are in
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a molten state, flowing the other portion of said cooled

first combustion gas into said second combustion zone
of said second boiler to produce a second resultant com-
bustion gas having a temperature below the fusion point
of the non-combustibles in said fuel so that the entrained
non-combustibles are solidified, passing said second re-
sultant combustion gas in a second convection zone in
said second boiler and into indirect heat exchange with
a fluid to heat the latter and cool said second resultant
combustion gas, and passing said cooled second result-
ant combustion gas to a place of use.

7. In a supercharged steam generating plant having a
plurality of boilers each of which have a combustion
zone and a convection zone disposed thereabove, the
- method of burning a slagging fuel in each of said boilers
comprising the steps of burning a slag forming fuel in a
first combustion zone of a first boiler having a relatively
high predetermined combustion gas pressure to produce
a first combustion gas having a temperature above the
fusion point of the non-combustibles in said combustion
gas so that the non-combustibles are in a molten state,
passing said first combustion gas from said combustion

zone into a first convection zone in said boiler and into

indirect heat exchange relationship with a relatively cool
fluid to heat the latter and cool said first combustion gas,
passing said cooled first combustion gas from the first
convection zone and d1v1d1ng said cooled first combustion
gas into two streams, pumping one stream into said first
combustion zone and into admixture with the first com-
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| combustibles not entrained in the co
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bustion gas generated in said first combustion zone to
produce a first resultant combustion gas having a tem-
perature below the fusion point of the non-combustibles
in said first combustion gas so that said entrained molten
non-combustibles are solidified before the first resultant
combustion gas passes into said first convection zone,-

~burning a slag forming fuel in a second high tempera-

ture combustion zone of a second boiler having a com-
bustion gas pressure lower than the predetermined pres-
sure in said first boiler to produce a second combustion
gas having a temperature above the fusion point of the
non-combustibles in said combustion gas so that the non-
combustibles are in a molten state, flowing the other
stream of said cooled first combustion gas into said sec-
ond combustion zone and into admixture with said sec-
ond combustion gas to produce a second resultant com-
bustion gas mixture having a temperature below the fu-
sion point of the non-combustibles in the fuel so that the

- entrained molten non-combustibles are solidified before
20
combustion zone and into admixture with the first com-

said second resultant cembustion gas passes from said
second combustion zone, passing said second resultant
combustion gas from said second combustion zone into
a second convection zone of said second boiler and into
indirect heat exchange relationship with a relatively cool
fluid to heat the latter and to cool said second resultant
combustion gas, burning a slag forming fuel in a third
hlgh temperature combustion zone of a third boiler hav-
ing a combustion gas pressure lower than said second
boiler to produce a third combustion gas having a tem-
perature above the fusion point of the non-combustibles
in said fuel so that the non-combustibles are in a molten
state, passing the cooled second resultant combustion
gas from the second convection zone into said third
combustion zone and into admixture with the third com-
bustion gas generated therein to produce a third re-
sultant combustion gas having a temperature below the
fusion temperature of the non-combustibles in the fuel
so that the entrained molten non-combustibles are solidi-
fied before said third resultant gas passes from said third
combustion zone, passing said third resultant combus-
tion gas from the third combustion zone into a third
convection zone and into indirect heat exchange relation-
ship with a relatively cool fluid to heat the latter and
cool the third resaltant combustion gas, and thereafter
flowing the cooled third resultant combustion gas from
said third convection zone to a place of use. |

8. The method of claim 7 wherein the molten non-

bustion gases in
cach of the combustion zones are withdr.wn from the

combustion zones in a molten state.
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