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‘APPARATUS FOR CONTROLLING STEAM TEMPERATURE

TECHNICAL FIELD
The.inyentien' relgtes. to fumaces such @asthose used in:power generation

-apparatus and'more particularly to apparatus for introdiicing gas recirculation
inafumace. The control of steam temperatusé is of great.impottihce for many
applications. {For exampie, maintaining Stesm hurbine efficiehcy over a wide load
range and avoiding-fluctuations in turbine mistal témperatures requiré constant
primary steam and reheat temperatures over the anticipated operating foad
range. To satisfy this requirement, 2 boilér must be ‘equipped with means for
controfling and mainfaining such steam tenmperatures over:the 'désired range.
I uncontrolied; -steam temperatures will rise as the steam output increases.

‘One -approach-e. steamtemperature contro! is jgas recirculation, in which a
portion of the combustion gases are brought back to the furnace and are added
to the "once-through” flow of gas passing over the superheater and-the reheater.
The prior art recirculation approach is to introduce the recirculated gases
through a gas recirculation fan located near the coutant of the fumnace, into
ducts extending-the full width of the fumace. These:prior-art:ducts are exposed
to radiant heat and accordingly, must ba lined with a refractory material. Toggle
joints must also be used in this duct system tosallow for the downward expansion
of the furnace.

£Gas recirculation is commonly used in oil fired furnaces-as well as combination
fumaces that may be fired by either oil or coal. When the combination units are
firing coal the gas recirculation system is not used. Prior art systems have used
double dampers and seal air to create a pusitive gas seal for the recircdlation
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fan. More specifically, the conventional apparatus prevents fluid flow from the
coutant back through the recirculation duct and recirculation fan by means of
dampers and seal air. The double dampers are two separate dampers in axially
spaced portions of the same duct. When the dampers are closed to prevent
fluid flow, air is forced into the duct intermediate the respective dampers to
purge aﬁy leakage from the upstream damper. Any leakage is vented into the
interior of the furnace.

The prior art also includes apparatus that has injected recirculation air through
the windbox mixed with combustion air. Other prior art structures injected
recirculation air intermediate compartments for injecting fuel and air mixtures.
These approaches have been primarily for reduction of nitrogen oxides (NOx).

OBJECTS AND SUMMARY OF THE INVENTION -
It is an object of the present invention to provide apparatus which will be simple
in construction and which facilitate steam temperature control.

Another object of the invention is to provide apparatus that will be less
expensive than structures that introduce recirculated gas through the fumace
bottom. '

Itis another object of the invention to provide apparatus that will result in a lower
" power consumption alternative to conventional structures that mix recirculated
- gas with combustion gas and direct the combination to the windbox.

. It has now been found that these and other objects of the invention may be

attained in apparatus that is added to existing furnaces or made a part of new

furaces. The apparatus includes a hot air chamber for receiving hot air from an

associated air preheater. The hot air chamber has one or more outlets
communicating with the interior of the fumace. The apparatus includes a
recirculation gas chamber for receiving recirculation gas from a recirculation fan.
The recirculation gas chamber includes one or more outlets communicating with
the interior of the associated furnace and each of the chambers is disposed
about at least a portion of the circumference of the associated furnace and at
least a portion of one of the chambers is disposed above at least a portion of the
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other chamber. The apparatus also includes a duct from the :assaciated air
preheater communicating with the hot air chamber and a duct from the
associated recirculation fan communicating with the recirculation;ggs chamber.
A-passageway is disposed between the hot airichamber and the recirculation
gas .chamber; and the apparatus. includes a valve movable -between a first
position wherein flow through the duct from the assaciated regircujation fan is
blocked and flow through the passageway between the‘hot air chamber and the
recirculation gas chamber -is .open to allow flow#therebetween and a second

-position wherein flow through:the duct from the asseciated recirculation and is

not biocked and fiow through the passageway between the hot air chamber and
the recirculation gas chamber is closed to prevent flow therebetween.

In some forms of the invehtion the gas recircylation chamber and the hot air
chamber ar¥ disposed in abutting refationship: and hgve a.common wall. The
passageway is an opening in the common wall in some forms of the invention.
The valve may be a flap valve which may siinclude only a single. generally
rectangular flapper.

In some forms of the invention the flapper is hinged about a rectilinear side
thereof and the flapper, the passageway, and the duct from.the associated
recirculation fan are dimensioned and configyred so.that the fiapper is disposed
in blocking relationship to the to duct from the associated recirgulation fan in the
first position, and the flapper is Wisposed in blocking relationship to the
passageway in the first position.

The recirculation gas chamber and the hot air gas chamber may have
substantially identical-cross-sections taken through'harizontal planes. The hot
air chamber and the recirculation gas chamber may be -aligned such that
substantiatly all of one of the chambers is disposed directly above ali of the
-other of the chambers. At least some of the outlets of the hot air chamber may
have dampers disposed therein to regulate the flow of hot air out of the outlets.

At least some of the outlets of the recirculation gas chamber have dampers
therein to regulate the flow of recircutation gas out of the outlets. In some forms
of the invention each of the chambers extends across one wall of the associated
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furnace as well as the two comers thereof that are adjacent to the one wall
whereby both’ hot air and recnrcutatlon gas may be directed tangentsatly to the
interior of the associated furnace. The hot air chamber may be disposed at a
higher elevatton than the reclrcutatr_on gas chamber.

BRIEF DESCRIPTION OF THE DRAWING
The invention will be better understood by reference to the accompanymg
drawing in whlch ' '

Figure 1 is a side elevatlonat view of a fumace that may utilize the present
invention. '

Figure 2 is a schemattc elevattonal view cllustratmg in greater detail a
conventional gas reclrculatlon system

- Figure 3 is a perspective view of a portion the wmdbox elevatron of a furnace

which incorporates the present invention and which illustrates the posrtlon of the
dampers when to no gas recrrculatlon is bemg used

Figure 4 is a schematic front elevattonal vnew of the wmdbox showing the flap
door btockrng the gas recirculation duct and altowrng passage of hot air from the
hot air ptenum tnto the gas recu'cutatuon plenum

Figure 5 is a view simitar to that of Figure 3 'iltusti'ating the position of the
dampers when gas recirculation is being used.

Figure 6 is a view similar to that of Figure 4 illustrating the position of the flap
door when gas recirculation is being used. '

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to Figures 1 and 2 there is shown a conventional furnace 10,
including a waterwall 12. It will be understood the present invention may be
incorporated in a wide variety of furnace structures and that the illustrated
furnace 10 is only one such furnace. The furnace 10 is vertically disposed and
has an outlet for combustion gases at its upper end extending from the rear wall
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thereof. Extending from this outiet is a lateral gas pass 13 which connects with
the upper end of a vertically extended gas pass 14 that extends downwardly in
parallel relation with the furnace 1Q. Combustion gases sequentially pass
through the furnace 10, the lateral gas pass 13, a gas pass 14-and a stack (not
shown). The illustrated fumace 10 is provided with burners 16 and windboxes
20. The fumdce is made up of & front walk 17 and rear wall 18. Side walls 19
{one shown) are disposed in spaced refationship and-join thefront wall 17 and
the reag waill 18. ‘Each of the wajls 17,48, 19 is a waterwall having a plurality of
tubular members -extending vertically,

Referring now to Figure 2 there is shown the prior art approach. In this
approach the recirculated gés..is introduced through a-_ggs-rgci{culagion fan 22
located nedr the coutarit 24 of théfumace, into dygts 26 extending thé full width
of the fufriace. This requires that “A-frame” :supports at the bottom of the
furnace bottom b& dasighiid to permit entrance inta the furnace through offset
tube openings in the coutant 24 bottom. These prior art ducts 26 are exposed
to radiant heat and accordingly; must be lined with a refractory material. Toggle
joints must alsd be used in this dtict system ta,allow for the downward expansion
of the furnace.

The gas supplied to the gas recirculation fan 22 is tapped off the main:gas
duct after the gas leaves the economizer 30-and before the igas entersthe
air preheater {not'shown). A damper 28 controls the flow and is part of the
steam temperature control system. The gas recirculation fan 22 is
necessary to overcome the pressure differential between the furnace and
the economizer 30 outlet. If for any reason the fan 22 is shut down while
the -boiler is in operation, high temperature furnace gas would flow
backward through the fan 22 and the associated ducts. Because these
ducts and the fan are not designed to withstand such temperatures seal air
is provided. More particularly, the shutoff damper 32 and the damper 40
disposed at axially spaced parts of the duct downstream of the fan 22
automatically close when the fan 22 stops. -Because gven the best shutoff
damper has some leakage higher pressure seal air is tapped off the duct 34
directing air from the air heater {not shown} ta the windboxes 20. This
higher pressure air passes through the valve 38 and duct 36 to the axial
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part of the duct {1} that is downstream of the fan and {2) mtermeduate the
shutoff damper 32 and the damper 40. The valve 38 is ordrnanly shut, but
opens automatrcallv upon closmg of the shutoff damper 32. This allows a
small flow of seal arr to protect the equrpment that might be damaged.

Referring now to Frgures 3- 7 there |s shown the apparatus in accordance
with one form of the present mventron The apparatus includes a windbox
46 which is a plenum chamber for arr from the preheater (not shown).
the preferred embodiment each. windbox 46 extends around one side and
the two corners that are adjacent to.that side of the furnace 10. In other
embodiments of the mventron the furnace 10 rnay have a windbox at each
corner of the furnace or on one slde or on two opposed sldes The term
"side" in this context rncludes the front and back of the furnace Such
embodrments wnll stlll mcorporate |mportant features of the mventron that
wilt now be descnbed

in the lllustrated preferred embodrment the wmdbox lncludes ahot air
plenum 486 that has a generally planar top 48 and a generally planar bottom

- or common wall 50. The vertical extent of the windbox hot air plenum 46

that abuts the furnace 10 mcludes a pluralrty of parallel spaced plates 52
that define the openrngs through whrch the hot a:r is directed into the

~interior of the furnace 10. Between each adlacent pair of plates 52 is
'dlsposed a prvotally mounted damper 53 A duct 54 is connected
substantlally 10 the geometnc center of the hot anr plenum 46.

A recrrculataon gas plenum 60 is dusposed in the lllustrated embodiment in
abutting relatlonshlp to the hot air plenum 46 More particularly, the
recirculation gas plenum 60 and the hot air plenum 46 have the common
wall 50. That common wall 50 may also be referred to as the generally
pianar bottom of the hot arr plenum 486. ln the preferred embodiment the
rec:rculatron gas plenum 60 and the hot. aur plenum 46 have identical cross
sections and both extend across one side and two ad;acent corners of the
furnace 12. Th_e_ recirculation gas pl_enurn_ 60 also includes a plurality of
spaced parallel :pl_a"__nar plate_s 52. Pivotally mounted dampers 53 are



WO 97/23749

10

15

20

25

30

35

PCT/US96/18790
7-

disposed between adjacent plates 53. A duct 62 couples the recirculation
gas plenum 60 to the recirculation fan 22.

Preferably the duct 62 is rectangular in-cross section and one side is afigned
withand substantially coplanar with 2he bottem 50 of thethot air plenum
46. The:bottom or common walf 50:ig preferably provided with an opening
‘64 that is substantially adjacent to the:intersection of the commen wall 50
and the duct 62. A flap door 66 is carried on a‘hinge 65 having a‘hinge.pin
that is dispesed so as to be substantially coincident at the intersection of
the common wall 50 and one side of the duct 62. Stated another way the
flap- door is generally rectangular and, in the mpreferred embodiment, is
pivetally:mounted:abeout one edgethereof dispased-néat the intefsection of
the duct 62, the bottem 60 and the recirculation ;gas plenum 60

The flap door 66 is movable from the position, 'shown in Figure 5, to ¢the
position in Figure 7. In the former position the hot air from the hot air
plenum 46 passes through the opening ‘64 in the common wall 50 and is
distributed to the interior of the furnace 10 through openings, in the
recirculation plenum 60, defined in part by the plates 52 disposed therein.
The dampers 53 in the openings defined by the plates 52 in the recirculation
plenum 60-control the flow of the gases into the furnace 10.

In the latter position of the flap door 66, shown in Figure 7, the flap door
66 is positioned to block the opening 64 in the common wall 50. It is this
flap door 66 position that prevents the flow of hot air from the hot air
pienum 46 into the recirculation gas plenum 60. In this position
recirculation gas flows into the duct 62 and then into the recirculation gas
plenum 60. The dampers 53 disposed intermediate the plates 52. within
the recirculation gas plenum 60, modulate the amount of recirculation gas
that is directed to the interior of the furnace 10. Thus, these dampers 53
in the gas recirculation plenum control steam temperature in the furnace 10.

The preferred embodiment has been shown to have a common wall 50. Those
skilled in the art will recognize that the recirculation gas plenum 60 may
alternatively be dispased at a higher elevation than the hot air plenum 46 in
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other forms of the invention. Preferably the two plenums will stilt have a
common wall because this arrangement is more simple than having two
completely separate chambers The srmpltcrty is desirable because the
structure is easier and cheaper to construct Alternatively, the chambers could
be independent chambers connected by?’a duct (not shown). Preferably, even
in such embodiments, the apparatus \mltalso include a flap door 66 that will
provide the same rednrectlon ef ﬂow that .t\as been descrrbe_d above.

The invention has been descrlbed wrth reference to' its iflustrated preferred -
embodiment. Persons skilled i rn the art of such devices may upon disclosure to
the teachings herein, conceive: other vanatrons 8uch variations are deemed to
be encompassed by the dlsclosure the Inventlon bemg delimited only by the
following claims. U :
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Having thus described our ih#éﬁtiﬁn Wwe claim:
1. Apparatus for cooperation with an assogjated furnace which comprises:

a hot air chamber for receiving hot air from an associated air:preheater, said hot
air chamber having.one or more outlpts communicating.with the interior of the
associated furnace;

a recirculation gas chamber for receiving reciscutation gas from a recircutation
fan, said recircufation gas chamber having one or more outlets communicating
with the interior of the associated furnace, each of said chambers being
disposed about at least a portion of the circumference ‘of the.associated furnace,
at least a portion of one of said chambers being disposed above at least a
portion of the other chamber; '

a duct from the associated .air preheater cpmmunigating with saig hot air
chamber;

a duct from the associated recircuiation ‘fan comsmunicating with said
recirculation gasschamber;

a passageway disposed betwesn said hot air chamber and said recirculation gas
chamber; and

a valve movable between a first position wherein flow through said duct from the
associated recirculation fan is blocked and flow thrpugh said passageway

‘between 'said hot air chamber and said recirgulation gas chamber is open to

allow flow therebetween and a second position wherein flowthrough said duct
from the associated recirculation and is not blocked -and flow through said
passageway between said hot air chamber and said recirculation gas chamber
is closed to prevent flow therebetween,

W
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2. The apparatus as deséribed in claim 1, wherein:

said gas recirculation chamber and sald hot air chamber are dlsposad in
abuttmg relatlonshlp and have a common wall

3. The apparatus as describad in claim 2 wherein:
said passageway is an opening in said common wall.
4. The apparatus as descri_beﬁ in t:_lairt_i 3, wherein:

said vaive is a flap valve.
5. The apparatus as described in claim 4, wherein:

said fiap valve has only a sirfgie generaiiy rectangular flapper.
6. The apparatus as described in claim 5, wherein:

said flapper is hinged about 3 rectilinear side thereof
7. The apparatus as described in claim 6 wherein:
said flapper, said passageway, and said duct from the associated recarculat:on
fan are dimensioned and conﬁgured o that said flapper is dlsposed in blocking
relationship to said to duct from the associated recirculation fan in said first
position, and said ﬂapper is dssposed in blocklng relationship to said
passageway in said first posmon
8. The apparatus as described in claim 7. wherein:

said recirculation gas chamber and said hot air gas chamber have substantially
identical cross-sections taken through horizontal planes.

[ L
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9. The apparatus as descni&éd in cldim B, wherein:
said hot air chamber and said recirculation gas.chamber arealighed such that
substantially all of one of said chambers is disposed directly above all of the

gpther of said chambers.

10. The apparatus.as described in claim 2. whersi:

at least some of said outlets of-said het air'chamber have dampers disposed

therein to regulate the flow of hot air out of said outlets.
11. The apparatus-as described.iniclaim: 10, wherein:.

at least some of said outletsif sgidrecircujation gas chamber haye dampers
therein to regulate the flow of recirculation gas out of said outiets.

12. The apparatus as describett:in claim 11, wherein

each of said chambers extends®cross one wall of the associated furnace as
well as.the two corners théreof that ate adjacent to said-one walkwhereby both
het air and recirculation gas may be tadhgentially:to the interior of thé associated
furnace.

13. The apparatus as described in claim 11, wherein:

said hot air chamber is disposed at a higher elavation than sgid recircylation gas
chamber.

14. Combustion apparatus which comprises:

a furnace apparatus having four walls disppsed in generally rettangular
relationship as viewed in a horizontai cross section;

a recirculation fan for directing fumace gases exiting said fumace apparatus;

- T O T
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a hot air chamber for receiving hot air from an associated air preheater, said hot
air chamber having one or more outlets communicating with the interior of the
furnace; R i

a recirculation gas chamber for re"ce"iving recirculation gas from said
recirculation fan, said reclrculatlon gas chamber havmg one or more outlets
communicating with the interior of the fumace apparatus, each of said chambers
being disposed about at least a portion of the circumference of the furnace, at
least a portion of one of said chambers belng dnsposed above at least a portion
of the other chamber,

a duct from the air preheater communicating with said hot air chamber;

a duct from the recwculatlon fan commumcatmg w1th said recirculation gas
chamber;

a passageway disposed between said hot air chamber and said recirculation gas
chamber; and

a valve movable between a first position wherein flow through said duct from the

associated recirculation fan is blocked and flow through said passageway
between said hot air chamber and said recirculation gas chamber is open to
allow flow therebetween and a second 'positio_n wherein flow through said duct
from the associated recirculation fan is not blocked and flow through said
passageway between said hot air chamber and sald recirculation gas chamber
is closed to prevent flow therebetween.

15. The apparatus as described in claim 14, wherein:

said gas recirculation chamber and said hot alr chamber are disposed in
abutting relationship and have a common wali

A LAE
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16. The apparatus as des&i%é&iﬁ ¢laim 15, wherein:

said pas‘sagéway issan opening in said common walk.

17. The apparatus as describedin ciaim 16, wherein:

said valve is a flap valve,

18. The apparatus:as described in‘tlaim 17, whissin:

said flap valve has only a single generally rectangular ﬂapper.

19. The apparatus #s-déscribediiniclaim 18, Whérein:

said flappet i Binged bept a rectilinéds side theredf

20. The apparatus as described in claim 19, wherein:

said flapper, said passageway, ahd said duct from thie asseciated recirculation
fan are dimensioned and configured so that s'gmd flapper is disposed in blocking
relationship to said to duct from the assec¢idied recirculation fan in-said first

position, and said flapper is- digposed in blocking relationship fo said
passageway in said second positighy:
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