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ABSTRACT: A steam-generating unit using gas recirculation
for steam temperature control, where the recirculated gases
are introduced into the furnace through the ash hopper. A
liquid seal inside the ash hopper is used to control flow of
recirculated gases.
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1
STEAM GENERATOR USING GAS RECIRCULATION

BACKGROUND OF THE INVENTION

One manner of controlling steam temperature with varying
load conditions of a steam generator is to recirculate gases
from the rear gas pass of a furnace back to the furnace. In
order to maintain superheat temperature constant regardless
of what load the unit is operating at, the recirculation of gases
back to the furnace is increased as the load decreases. Some
problems encountered with present gas recirculation systems
are (1) difficulty in getting dampers for the gas recirculation
duct which close tightly enough to protect the gas recircula-
tion fan from the hot furnace gases when no gas recirculation
is required; and (2) providing large enough openings in the
furnace wall to handle the large volume of recirculated gases
required under certain operating conditions. Most furnaces
today are lined with tubes, and in order to provide an opening
therein a number of tubes have to be bent out of the plane of
the wall.

SUMMARY OF THE INVENTION

In the gas recirculation system of this invention, recircu-
lated gases are introduced into the furnace through the ash
hopper. A liquid seal is provided inside the ash hopper to con-
trol the flow of recirculated gases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic representation in the nature of a
vertical sectional view through a vapor generator incorporat-
ing the present invention; _

FIG. 2 is an enlarged view of the lower portion of the fur-
nace shown in FIG. 1; and

FIG. 3 is a sectional view taken on lines 3-3 of FIG. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Looking now to FIG. 1 of the drawings, 10 is a steam
_generating unit having a furnace 12. Fuel is introduced into
the furnace and burned therein by burners 14. The hot com-
bustion gases rise and exit from the furnace through horizontal
gas pass 16 and rear pass 18 before being exhausted to the at-
mosphere through duct 20 which is connected to a stack, not
shown.

Steam is generated and heated by flowing through the vari-
ous heat exchangers located in the unit. Water is heated in
economizer 22 and then flows through the water tubes 24 lin-
ing the furnace walls, where steam is generated. From here the
steam passes through the superheater sections 26, and
thereafter goes to a turbine, not shown.

When the turbine is used for driving a generator for produc-
ing electricity, it is necessary to maintain the superheat tem-
perature constant regardless of what load the unit is operating
at. The superheat temperature in most units tends to decrease
with decrease in load. To overcome this problem relatively
cool combustion gases are recirculated back to the furnace in
an increasing amount as the load decreases. This decreases the
amount of heat transferred to the radiant steam-generating
surface 24 lining the furnace walls while increasing the
amount of heat transferred to the convection superheat sur-
faces located outside of the furnace, thus holding the super-
heat temperature substantially constant even though the load
on the unit decreases.

In the illustrated unit, gases are recirculated back to the fur-
nace through duct 28. A fan 30 is provided in the duct to pro-
vide for flow of gases when desired. The outlet of duct 28 is
positioned inside of a liquid seal 36. From here the gases flow
upwardly through the throat opening 34 into the furnace
proper. :

Most large steam generators are top supported so that they
are free to contract and expand due to temperature changes of
the structure. The ash hopper 32 is bottom supported. Since
hot gases must be prevented from entering the boiler room
through the ash hopper, a liquid seal 36 is provided between
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the furnace 12 and the ash hopper. This allows relative move-
ment between the furnace and ash hopper while preventing
escape of the hot combustion gases therefrom.

The outlet end of the gas recirculation duct is also provided
with a liquid seal 38 (see FIGS. 2 and 3). When gas recircula-
tion is called for, the liquid seal is drained by means of outlet
42. When no gas is to be recirculated, the seal is filled by
means of water line 40. The liquid valve is provided to keep
fan 30 from being exposed to high temperature gas within the
furnace when no gas recirculation is taking place. A liquid seal
is used rather than some other type of valve, since other valves
would not stand up to the high temperatures within the ash
hopper. Since there will be constant evaporation from the
liquid seals 36 and 38, predetermined levels should be main-
tained by use of any well-known apparatus; i.e. by letting
water run into the seal continuously and providing an overflow
line at the desired level. Duct 28 is attached to the ash hopper
at some point below the wall of the liquid seal 36 so there will
be no problem with thermal movement of the furnace. As
shown, the duct 28 enters the bottom of the unit. Also, since
the gas recirculation fan is not supported from the same means
as the furnace on most units, expansion joints somewhere in
the duct must generally be provided. In the present arrange-
ment, this is not necessary. These expansion joints are typi-
cally sources of much maintenance.

With the organization of the invention it can be seen that a
gas recirculation system has been provided which does not
require any of the tubes in the furnace walls to be bent out of
the plane of the wall to permit recirculated gases to enter the
furnace; and it also provides positive fan protection by reason
of the liquid seal. Also, no movable mechanical parts, such as
dampers, have to be exposed to furnace temperatures as
required in previous gas recirculation systems.

What we claim is:

1. In a steam-generating unit having a furnace and heat

- exchange means for generating steam therein, an ash hopper
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located beneath the furnace, opening means connecting the
ash hopper to the furnace, first liquid seal means completely
surrounding the ash hopper for preventing hot combustion
gases from escaping therefrom, duct means, said duct means
having an inlet end connected to the steam-generating unit
downstream of the heat exchange means, and an outlet end
positioned inside the first liquid seal means, means located in
the duct means which when actuated will cause combustion
gases to flow from the inlet end to the outlet end, and second
liquid seal means surrounding the outlet end of the duct
means, means for filling and draining the second liquid seal
means, so that when the second liquid seal means is drained
recirculated combustion gases can be introduced into the fur-
nace through the ash hopper, and when the second liquid seal
means is filled, no recirculation of combustion gases takes
place.

2. In a steam-generating unit having a furnace and heat
exchange means for generating steam therein, an ash hopper
located beneath the furnace, opening means connecting the
ash hopper to the furnace, water filled trough means sur-
rounding the ash hopper, wall means extending down from the
furnace into the trough means, which terminates below the
water level so as to form a liquid seal for preventing hot com-
bustion gases from escaping therefrom, duct means, said duct
means having an inlet end connected to the steam-generating
unit downstream of the heat exchange means, and an outlet
end positioned inside the liquid seal, the outlet end being at-
tached to the ash hopper at a location below the wall means
terminating in the trough means, a fan located in the duct
means which when actuated will cause combustion gases to
flow from the inlet end to the outlet end, and valve means for
the duct means located downstream of the fan which can be
closed to protect the fan from hot furnace combustion gases
when it is not operating.

3. The steam-generating unit set forth in claim 2, wherein
the valve means is a liquid valve. o

4. The steam-generating unit of claim 3, wherein the liquid’
valve is located within the ash hopper.



