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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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These approaches have been primarily for reduction of nitrogen oxides (NOx).

OBJECTS AND SUMMARY OF THE INVENTION -
15  Itis 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
20 . 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
30 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

35 least a portion of one of the chambers is disposed above at least a portion of the
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fan. More specifically, the conventional apparatus prevents fluid flow from
the coutant back through the recirculation duct and recircul ation fan by
means of danpers and seal air. The doubl e danpers are two separate danpers
in axially spaced portions of the same duct. Wen the danpers are closed to
prevent flui &%&&gg‘ air is forced into the duct internedi at BCEA86/188Bect i ve
danpers to p ny | eakage fromthe upstream danper. Any | eakage is
vented into the interior of the furnace. “The prior art al so includes

apparatus that has inRj d 4.ecC] Lati | r My . ]
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blocked and flow through the passageway between thethot 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
10  not biocked and flow 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

15 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

20 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
30 -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
35 of the invention each of the chambers extends across one wall of the associated



fromthe air preheater to the hot air chanber 20 and a duct 113 fromthe
recirculating fan 111 to the recircul ating gas chanber 116. It appears from
Figure 2 that there is a comrunication between the hot air chanber 20 and
the recircul ati ng gas chanber 116. However, no such conmunication is
mentioned in the witten text of docunment FR-A-1 476 056. OBJECTS AND
SUWRARY OF wids7B0ENTION It is an object of the present RCRUISAVISE t o

provi de apparatus which will be sinple i ngconstruction and which facilitate:-
steamterrperature control . Anot her obj ect of the invention is to

provi de appar afunsadehas weillds (PR tweSsorfdBaReietr tﬁélfﬁ?e%’qa@hﬂfcﬁﬁ\et&i’é wall

| ntrodyces ecvlvhgrléhatb ﬂ-u ﬂ Sant' 2 re%nrwg?on lérag %:a?( é)eodlrec%d tangentsally to the
interior of the associated furnace. The hot air chamber may be disposed at a
higher elevat:on than the reclrculats_on gas chamber.

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

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

Figure 2 is a schematac elevattonal view cllustratmg in greater detail a
conventional gas reclrculatlon system
15 .
- Figure 3 is a perspective view of a portion the wmdbox elevatlon of a furnace
which incorporates the present invention and which illustrates the posrtlon of the
dampers when to no gas recxrculatlon is bemg usad

20 Figure 4 is a schematic front elevatlonal vnew of the wmdbox showing the flap
door blocklng the gas recirculation duct and allowmg passage of hot air from the
hot air plenum snto the gas recu'cu!atuon plenum

Figure 5 is a view simitar to that of Figure 3 'illustieting the position of the _
25 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. '

30 DESCRIPTION OF THE PREFERRED EMBQQIMENT
" 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 fumnace stri:q:t_ur_és and that the illustrated
furnace 10 is only one such furnace. The fumace' 10 is vertically disposed and
35 has an outlet for combustion gases at its upper end extending from the rear wall
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the reag walll 18. ‘Each of the wals 17,48, 19 is a waterwall having a plurality of
tubular members -extending vertically,

10
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

15 {urnace bottom b& dasighBd to pefmit 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.

20 _
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

25 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

30 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

35 higher pressure air passes through the valve 38 and duct 36 to the axial
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chanber. The apparatus al so |ncI udes a duct fromthe associated air
preheater comruni cating with the hot air chanber- and a duct from the
associated recirculation fan communicating with the recircul ati on gas
chanber . A passageway i s di sposed between the hot air chanber and the
recircul ati gyperesegas chanber; and the apparatus incl udesPGIUSARIINDVabl e
bet ween a first position wherein fl Qv t hrough the duct fromthe
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air chanber are dlsposed in abuttlng relatlonshlp and have a common
wal I The 15 maaewnvm F.g%?eeserv ﬂfbre"s smmﬁqm%pwéths 'irl‘aéE?ngh@é”S of
the inventi on. fl-ap_valve which e only a

singl e gener a|vyi§h one }-orm o? the presZnt mvent:on The ‘apparatus mclu es a windbox
46 which is a plenum chamber for alr from the preheater (not shown).
the preferred embodiment each. windbox 46 extends around one side and
10 the two corners that are adjacent to.that side of the furnace 10. In other
- embodiments of the mventson the furnace 10 may have a windbox at each
corner of the furnace or on one sude or on two opposed sldes The term
"side" in this context mcludes the front and back of the furnace Such
embodlments wrll stlll mcorporate |mportant features of the mventlon that
15  will now be descrlbed

in the lllustrated preferred embodument the wmdbox ancludes 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
20 that abuts the furnace 10 mcludes a plurallty of parallel spaced plates 52
that define the opemngs 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 pwotally mounted damper 53 A duct 54 is connected
| substantially to the. geometnc center of the hot air plenum 46.
25 _
A recurculataon gas plenum 60 is dusposed in the nllustrated 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
30 planar bottom of the hot aur plenum 46. 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_enum_ 60 also includes a plurality of
spaced parallel :pl_a"__nar plate_s 52. Pivotally mounted dampers 53 are



rectangul ar fl apper. In sonme forns of the invention the flapper is

hi nged about a rectilinear side 20 thereof and the flapper, the
passageway, and the duct fromthe associated recirculation fan are

di mensi oned and configured so that the flapper is disposed i n bl ocki ng
rel ationship ty =400 duct from the associated recircul ati opcfyBsoshsobhe
first position, and the flapper is disposed in blocking relationship to the
passageway in the first position. 25 Th& recircul ati on gas chanber and

the hot air gas chanber may have substantial ly identical -cross-sections
taken through hotfResggdetypemadiacentpiates 53. Ajduct B2rnuplesthe; tegirculation

recircul ation gafasqFlanb® 60 the réditciRfRibnStam22 hat substantially all of
one of the chanbers is disposed directly above all of the 30 other of the

chanmbers. At |east some of the outlets of the hot air chanber may have
danpers di sposed’reﬂemﬂvmeuucteqmlsa'eet alat iroevoes sbodorpand oné skfe ishfigned

have dampers ® @R Stfadieny 1 %Wv%%&»ﬁ%ﬁfﬁ%ﬁpﬁ Binor
the outlets. | n4§@r@wqbamcmmnmmmmmwpmmuemhammm
extends across @asthallsd sdﬁsﬁdiﬁllﬁiaﬁ%ﬂi £ the intersection of the commen wall 50
and the duct 62. A flap door 66 is carried on a‘hinge 65having a ‘hinge .pin
that is dispesed so as to be substantially coincident at the intersection of
10 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

15 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.

20 The dampers 53 in the openings defined by the piates 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
25 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
30 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
35 alternatively be dispased at a higher elevation than the hot air plenum 46 in
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well as the two corners thereof that are -adj acent to the one wall :
wher eby both hot air and recirculation gas may be directed tangentially to

t he interior of the associated furnace. The hot air chanber may be

di sposed at wap92374bi gher el evation than the recircul ati on RETAUSIAMEr . 5
BRI EF DESCRI PTI ON OF THE DRAW NG The g nvention will be better

understood by reference to the acconpanying drawing in which: 10

Figure 1 is acthélfonsVett thanmbemd?w mafe?aslggﬂ@cm | @wqtmvm gt. Havbhe

pr esent I nvention evat i onal vl ew *

i 1l ustrating iCRMmeRMal 98?%[‘1"?9 g'ns amrangRment |'§)I’|%9reg§§‘9'%ém’bthaé{ﬂgoh”%yst em
15 Fi gur e cBmipietalyp separate ichambirsy Ofhea sipplicity ris t desirabled bexsagdecied | on of

a furnace  sbbGfh i ba8iPahdbRsagel o BORHRRL ARYAREIY) OTMREER couq

illustrates the positi.on o npers.”when
bei ng used.3 be independent chambers oonnected by'a duct (not shown). Preferably, even

in such embodiments, the apparatus wﬂtalso include a flap door 66 that will
provide the same rednrectlon of ﬂow that has been described above.

The invention has been descrlbed wuth reference to' its iflustrated preferred -

10 - embodiment. Persons skilled i m the art of such devices may upon disclosure to
the teachings herein, conceive: other vanat:ons 8uch variations are deemed to
be encompassed by the dlsclosure the lnventlon bemg delimited only by the
following claims. poen :
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door when gas recirculation is being used. $-30 DESCRI PTION OF THE
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understood the present invention may be |ncorporat ed in a wide variety

of furnace Strthﬂ?ﬁéra&wfowé&pérﬁﬁbdMH?E%@ES&atedfﬁdHcB%ﬁdi@prh priggd;y one

such. f ur nace urnace 10 is vertically di'sposed and 35 has an outl et
for conbustion gases at its upper end extending fromthe rear wall
WO 97/ 23749 5 ahet air chamber for receiving hot air frem an assdciated air:preheater, said hot

PCT/ US98/ 18790  4ir chamber having one.or mare outipts communicating with the interior of the
associated fumace;

= t-nvul-u--.a. a;

a recirculation gas chamber for receiving reciscutation gas from a recircutation
10 fan, said recirculation 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; '
15
a duct from the associated .air preheater cpmmunigating with saig hot air
chamber;

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

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

25 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 fiow through said

3¢ passageway between said hot air chamber and said recirculation gas chamber
is closed to prevent flow therebetween,

] 0



- 5- thereof. Extending fromthis qutlet is a |at¢pakncldfs PR

whi ch connects with the upper end of ~a vertically ss 14
t hat extends downwardly in g e on wi'th e\mm HMW
Conbusti on gases sequenti al ly _ =1 b ‘7 the fur at er al
gas pass 13, a gas pass 14 : shown). The illustrated -
furnace 10 wogmsMdded with‘burners 16 and w ndboxes PEF/USHHBTIr nace
is made up of a front wall 17 and rear wgg.! 18. Side walls 19 ' (one

shown) are disposed in spaced relationship and join the front wall 17 and
the rear vall21aeffhratls debBibet ihbid 1 Wheréina wat erval | having a
plurality of | ar nmenbers extendi ng vertically. 10 Referring
now to Figure 2 there is shown the:prior -art approach. In this

approach the saidi gasre¢iroiilaion chambérranﬂlsad hot amgthamhgmsareemspmddatn on fan
22 | ocat 4a nace, |nto ducts 26 extendin
the full Wdtﬁﬂutﬂﬁﬁ'}el%{i Eﬁﬁggge %ﬁ?‘iﬁ}%q{ijr res that "A-franme" supportsg
at the bot®om of the 15 furnace bott om be desi gned to permit entrance into.

the furnace tBr quglapparatas as desmmﬁ .ﬁm@wgﬂmhhe coutant 24 bottom

These prior art ducts 26 are exposed ~ to radiant heat and accordingly,
must be lined with a refractory material. Toggle joints nust al so be
used in this slardtpas;agmyisandimlrigmsﬁdacmnmmal expansi on of the
furnace. 20 The gas supplied to the gas recirculation fan 22 is tapped

off the main duct after the eaves the econom zer 30 and before
t he gas er?Perg ﬁh@appar%ﬂ‘?aﬁrd@ﬁ%ﬁeé’r'gﬁsﬁﬂ" i A danper 28 controls the
flow and is part of the : o

said vaive is a flap valve..

5. The apparatus as described in claim 4, wherein:
15 S
said fiap valve has only a sirfgie generally rectangular flapper.
6. The apparatus as described in claim 5, wherein:
20 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 recarculatron
25 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

30 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.

35
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steam tenperature control system The= ' F=gn f anth ecn Replaced
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the boiler is in operation, high tehpe g-gas vvould flow

backwar d thr%ﬁt‘}”&ﬁ fan 22 and t he associ at ed ducts. BecaupeThReSHI%

ducts and the ' ran are not designed to withstand such tenperatures seal air
30 is provided. Mre particularly, the skidt of f danper 32 and the danper 40
di sposed at axially spaced parts of theiduct downstream of the fan 22
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danper has sone | eakage higher pressure seal air is tapped off the duct 34
directing air fromthe gir ter: (not..sh 0 .t he.wi ndb S, 20. s 35
hi gher pr essur?aﬁﬁt’ M q%%%?%s'ﬁﬁ"@yﬁ%%%éﬁﬁhﬁ?él

WO 97/ 23749 substanhal!y all of one of said chambers is disposed directly al@/® alEe61He8790
part of the gugdhdérlof daiféndmbélgwnstream of the fan and (2) internediate the

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

at least some of said outlets of-said het air'chamber have dampers disposed
10 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
45 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
20 wellas.the iwo corners théreof that are adjacent to said-ane walkwhereby hoth

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



shutof f danper 32 and the danper 4Q_,j[heval ve 38m1§5h9&ﬁhsrméd a&Jaut but
opens autonmatical | y upon—eles+ro @ 'hut of f da | ows a
smal | fl ow of seal alr\$6b%£écf'm | prment th E ged. 5
Referring now to Figurps 3 - own the cor dance
with one formof the L nventlon. The appar at us |ncI udes a w ndbox
46 whi ch i swgopkssm chanber for air fromthe preheater (RETUSHESMP. |n
the preferred enbodi ment each wi ndbox 46,,xt ends around one side and 10
the two corners that are adjacent to that” side of the furnace 10. In other

embodi ment s QPBM Haﬁ?dﬁr'f&’}eééi\ﬁ# Hotkircont Sn 38¥odiated aﬁ' pﬁbﬁéﬁl@% said Ketch

corner of the furnace or .on de or on . two Q .The, term

"side" in thiairchamess havieg GBQQ'WPPB?FF %W%@'“&w'frh@ef'ﬁﬁeﬁ%gn 8uch

~S5HF

enbodi ments wumhacetil | incorporate i rrportant features of the invention that
15 wll now be descri bed. In-the:illustrated preferred enbodi nent the
w ndbox includes a hot air pl enum-46 that has a.generally planar top 48

and a genesal ayrqnzraulatlooogasmchambe!r faro neeaiving reciroulation. gas ifrom saidt ent of .
the w ndbox e 'P“ ?éwraa?&r@é?rcutdaah L&ﬁtﬂﬂé?l’faw aérfe dPmioke butés 2

plurality of a e ate t hat define.t ni t hr ough
whi ch the hot 'F‘u"'Ea'{ﬂq? #ﬁ‘@mﬁw 8?"”%%#‘8&\%@@3?
Bet ween each beingadispospdiaboaf atﬂéast@pd?ﬁom of the cirdumfeyenck of the fumace yatm)u nt ed

Canter of 1 hoeek poHon it GRIFAC S ambers ol Uipiodpl kbl sl BaBFORBGL |

| disposed 1A tefthelothesighambenenbodi ment in

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

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

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

20 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

25 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:

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

A LAE



abutting relationship to the hot air plenum46. Mre particularly, the
recircul ation gas plenum 60 anfrrthe—hot—arrt~ 46 have the conmon

wal I 50. That comon wall 50 yﬂé‘élS i %‘?éf?@[ o as the generally 30
pl anar bottom of the hot air pllenum BULAGER he prikferred enbodi nent the
recircul ati onywgasailenum 60 and the hot air plenum 46 have iRBYHSOHIIMCr 0SS

sections and both extend across one side agp two adj acent corners of the
f.urnace 12. The recircul ation gas pl enum 60" al so includes a plurality of

spaced par al | el 1! #1gapplAlSs a5 des BN A chdim 1B ket Per s 53 are

-7- di sposed between adj acent plates 53. A duct 62 couples the

recirculation  said paggsgew/1s@inUbenthd iRSaidsdmmbhaldion fan 22.
Preferably the duct 62 1s rectangular in cross section and one side is

al i gned

§ 17. The apparatus as describedinciaim 16, wherein:

said valve is a flap valve,
18. The appératus:as described.intlaim 17, whidain:
10 _
said flap valve has only a single generally rectangular flapper.
19. The apparatus #s-déscribediiniclaim 18, Whérein:
15  said flappet is Binged &beut a rectilingds side thersaf
20. The apparatus as described in claim 19, wherein:
said flapper, said passageway, ahd said duct from thie asseciated recirculation
20 fan are dimensioned and configured so that sgid flapper is disposed in blocking
relationship to said to duct from the assecjdled recirculation fan in-said first

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

nnm\ uuu l\ll \lﬂl‘““

[l Hllll Illll lllll II IIII



5 wth and substantially coplanar with the bottom 50 of the hot air plenum
46. The bottom or common wall 50 is preferably provided with an opening
64 that is substantially adjacent to the intersection of the common wall 50
and the duct 62. A flap door 66 is carried on a hinge 65 having a hinge pin
that is disposed so as to be substantially coincident at the intersection
of 10 the owowp2s7gal | 50 and one side of the duct 62. Statmerrosvehisos way
t he flap door is generally rectangular and, in the preferred
enbodi nent, is pivotal |y nmounted about one edge thereof disposed near
the intersection of t he duct 62, theippttom 60 and the recircul ation
gas pl enum 60. 15 The flap door 66 is novable fromthe position, shown
in Figure 5, to the position in Figure 7. In the former position the
hot air fromthe hot air pl enum 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 recircul ation plenum 60, defined in part
by the-plates 52 disposed therein. 20 The danpers 53 in the openings
defined by the plates 52 in the recirculation pl enum 60 control the
flow of the gases into the furnace 10. In the latter position of the
flap door 66, shown in Fi e 7. the Q 6 is positioned to
bl ock the opening 64 in t COnmo ! IS IISH25 flap door 66
position that prevents t of tiflr] frpinfth ofg air pl enum 46
into the recirculation g im : B po$iftyi fin recircul ation
a

gas flows into the duct her thhe cir% l{affi on gas
14

|®

I7 8

20 20
6 16




pl enum 60. The danpers 53 di sposed internediate the plates 52. within
the recirculation gas plenum 60, nodul ate the anount of recirculation gas
30 that is directed to the interior of the furnace 10. Thus, these dampers

53 in the gas recircul ation plenumcontrol steamtenperature in the
furnace 10. woorpkhf Preferred embodi ment has been shown to gFggnmon
wal | 50. Those skilled in the art will recognize that the recircul ation
gas plenum 60 nay 35 alternatively be disposed at a higher el evation than
the hot air plenum46 in WO 97/ 23749

PCT/ US96/ 18790 2/5 - 8- ot her forns
of the invention. Preferably. the two plenuns will still have a conmon
wal | because this arrangenent is nore sinple than having two conpl etely
separate chanbers. The sinplicity is desirable because the structure is

easi er and cheaper to construct. Alternatively, the chanbers could

Fig. 2

(PRIOR ART)



5 be independent chanbers connected by a duct (not shown). Preferably,

even I n such enbodi nents, the apparatus will also include a flap door
66 that wll provi de the sane redirection of flow that has been

descri bed above. The invention has been described with reference to
its illustrated preferred 10 enbodi ment Persons skilled i f such
devi ces may WSH2¥48c| osure to the teachings herein, CO'}r(]:E:rglﬁggfs?[(lﬁer
variations. Such variations are deened to be enconpassed by the -
di scl osure, the invention being delimted only by the follow ng clains. _
Intl. Appln. No.: PCT/US96/ 18790 Newc:la3/r$s 1. Apparatus for ,
cooperation wth an associ at: ed furna .«,"%-.A zed i n that :




a hot chanmber (46) is provided for receiving hot air froman associ ated
air preheater, said hot air chanber (46) has one or nore outlets (52)
comunicating with the interior of the associated furnace (10); : a
recircul ation gas chanber (60) is provided for receiving recirculation

gas froma reswoeaBda®i on fan (22), said recircul ation gas chﬂﬁﬁﬁ has
one or nore outlets (52) connunlcatlng wi t#5the interior of t Quh@ﬁ%

associ at ed furnace (10), e ] LS £0) is adapted for
di spositi on about the C|r tnter engH|jof the b EeCIat e hace (10), at
| east a portion of one_offlifiidch 'qéhs (46, :L}s di spggpd above at | east
a portion of the othejf ' (46, 60); . g fromthe
associated air prehe s Iy es wh 4Bsa5§?- % r chanber

(46) Ak i the associate
conmmuni cates wit e

[ ofiNnes22)

a
passageway (64) is : and
said recircul ation 08
, 46
e~ TN o P52




¢ fromthe assoc

a valve (66) is novable between a first position wherein flow through

said duct (62) fromthe associated recirculation fan (22)

is bl ocked and

‘flow through sai d passageway (64) between said hot air chanber (46)

and said recirculation gas chanber (60)

is open to allow fl ow

' therebetween a ond position wherein_flow through said
o il 5% Fetfisppiedo

npt bl ocked an

* through said passageway (
; said recirculation gas ch
i therebetween. 2. T
characterized in that §®
hot air chanber (46) af

52

circulation fan (22) {

1
}

~Tret-mee 1>
1 (60)]Jiss cl osedt

LHHidescr|

preven

~Spi d gas ngircurati

N 53

53

46) and
ow
rther
4 60) and said

52

7,/46

52

62y

i)

65
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said valve (66) P

di sposed in abutting relationship and have a common wal | (50)
apparatus as described in Caim2,
sai d passageway (64)
The apparatus as described in Caim3, d
T flap Vahvbﬂ.nﬁﬁﬁlmn%ﬁnﬁbﬁmﬂﬁ%@t US as§

i s an openi ng (64)

g]aracterized in th

further
in said conmon wal |

further

characterized int
(50w
characteri zed %\

e said flap val ve |

Claim4, further onal ) has
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(57) Abstract

‘The apparatus includes a hot air chamber
{46) for receiving hot air from an associated air
preheater, and a recirculation gas chamber (60)
for receiving recirculation gas from a reciren-.
lation fan (22). The apparats also includes:
2 duct (54) from the associated air preheater
communicating with the hot air chamber (45)
and a duct (62) from the associated recircu-
lation fan (22) communicating with the recir-
culation gas chamber (68). A valve (66) is
provided that is movable between g first posi-
tion wherein flow throughi the duct (62) from
the associated recirculation fan (22) is blocked
and flow through a passageway (64) between
the hot air chamber (46) and the recircula-
tion gas chamber (60) is open to aliow flow
therebetween and a second position wherein
flow through the duct (62) from the associ-
ated recirculation fan (22) is not blocked and
flow through the passageway (64) between the
hot air chamber (46) and the recirculation gas
;ehamber(GO) is closed to prevent flow there-

tween.

(54) Title: APPARATUS FOR CONTROLLING STEAM TEMPERATURE




7. The appar at us as,escri bed in Claim®6, further racterized in that
said flapper (66), said passageway (64), and said duct™(62) fromthe
associated recirculation fan (22) are di nensi oned and confi gured so that
said flapper (66) is disposed in blocking relationship to said duct (62)

fromthe assogcjated r.ecifculation fan (22) in said first,position,, and said
Hamner (B Aot SoptEeal1y b coBReRihal Aapratsr g verks EancHoRe Bodline "C oo
in said first i€ . . [ de i bed.i im7,
(oriner chapiaP 8L difugh i recirdlifiél BEC AP rASARAKK BERY BRI B
and said ( |+ adal Yort t:
Cross- sectIa ?{cl)iﬁ)g ?f%@;n %Er(.) u‘gﬁé ﬁgrati{?o%atma? erf) Iagélng? ‘E‘Q;Sa{réie cYadxﬂé@ ih Caiﬁally

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

any 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 (NOy).

With regard to the prior art, Figure 2 of document FR-A-1 476 056 discloses a
hot air and recycle gas supply apparatus having a hot air chamber 20 with
outlets into the interior of the furnace 10, a recirculating gas chamber 116 with
similar outlets 119,121 and disposed above the hot air chamber 20, a duct 15
from the air preheater to the hot air chamber 20 and a duct 113 from the
recirculating fan 111 to the recirculating gas chamber 116. It appears from
Figure 2 that there is a communication between the hot air chamber 20 and the
recirculating gas chamber 116. However, no such communication is mentioned

in the written text of document FR-A-1 476 (56.

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.

AMENDED SHEET



9. The apparatus as .scri bed in G .aim-8 further c acterized in that
sai d-hot air chanber (46) and said recf¥cul ati on gas chanber (60) are

al i gned such that substantially all of one of said chanbers (46,60) is
disposed directly above all of the other of said chanbers (46, 60). 10.

= . . ey 5 (20,
2t ) ohbt SonGURE GHIECY ohiie, DVERGR i 10 HbYRE SIMAS Mt YL b I
danpers (S5&pefikiveohad suenges thfd ihaodhedserdchieulatevedd thoghithe Futnfl sai d

outlets (52). 11. The apparatus as described in Caim10, further
char act er i attbrhn t hat

It is 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.

Yet another object of the invention is to provide apparatus that includes valve
means which is operative for selectively allowing and preventing flow between

a hot air chamber and a recirculation gas chamber.

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
furnaces. 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 furnace. 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

AMENDED SHEET



at | east sonme of said ‘[Iets (52) of said recircul at i. gas chanber (60)
have: danpers (53) therein to regulate the flow of recircul ati on gas out of
said outlets (52). 12. The apparatus as described in Caim1l, further
characterized in that each of said chanbers (46,60) is adapted to

extend across one wall of the associjatieAppii. Ns:e FADPUSHH/18790 as the
two corners thereof that are adj acent to said one wall whereby both

hot air andewdClaimstl ati on gas nmay be injected tangentially to the
interior of the associated furnace (10). 13. The apparatus as descri bed
in Caim21l, further characterized in that said hot air chamnber

(46) is disposed at a higher elevation than said reci rcul ati on gas
chanber (60). Apparatusdorisaepétstionppith anassemated dumeace £40) pharpeferized

in that

a hot chamber (46) is provided for receiving hot air from an associated
air preheater, said hot air chamber (46) has one or more outlets (52)

communicating with the interior of the associated furnace (10);

a recirculation gas chamber (60) is provided for receiving recirculation
gas from a recirculation fan (22), said recirculation gas chamber (60) has
one or more outlets (52) communicating with the interior of the
associated furnace (10), each of said chambers (46,60) is adapted for
disposition about the circumference of the éssociated furnace (10), at
least a portion of one of said chambers (46,60) is disposed above at least

a portion of the other chamber (46,60);

a duct (54) from the associated air preheater communicates with said hot

air chamber (46);

a duct (62) from the associated recirculation fan (22) communicates with

said recirculation gas chamber (60);

a passageway (64) is disposed between said hot air chamber (46). and

said recirculation gas chamber (60); and

a valve (66) is movable between a first position wherein flow through

said duct (62) from the associated recirculation fan (22) is blocked and

NI seow e



a furnace apparatus (1. I S provided- pévi‘ng four wal l | sposed in
generally rectangul ar rel ationship as“Viewed in a horiZontal cross

secti on; arecirculation fan (22) is provided for directing furnace
gases exiting said furnace apparatus (10); a hot air chanber

(46) is provi eﬂo&%rét?@ﬁkaﬁ%s%v@dyr 86(4’)06&@'€en said h@tsﬁﬁcdh%}ﬁ%ra(‘%

preheater, said hot air cha (46) "has“one or nore outlets 252)
comuni cating vidd dahi@ ieeiretia6ionofgat hehdrib&raq60pPBaOPENS to  allow( ¥ow

a recirculation gas chanber (60) is provided for receiving recirculation
gas from sai d rtherebetwedii and 4 sacq@Ppositon svheegin o shiomghgasd dhetrniod) ( 60)
has one or nore outlets (52) comunicating with the interior of the
furnace appar atfreny flgy assegiateds resirculation £22u6s got blocked pusk dlawout

through said passageway (64) between said hot air chamber (46) and
said recirculation gas chamber (60) is closed to prevent flow
therebetween.

2. The apparatus as described in Claim 1, further characterized in that

said gas recirculation chamber (60) and said hot air chamber (46) are

disposed in abutting relationship and have a common wall (50).

3. The apparatus as described in Claim 2, further characterized in that
said passageway (64) is an opening (64) in said common wall (50).

4, The apparatus as described in Claim 3, further characterized in that
said valve (66) is a flap valve (66).

5. The apparatus as described in Claim 4, further characterized in that
said flap valve (66) has only a si.ngle generally rectangular flapper (66).

6. The apparatus as described in Claim 5, further characterized in that

said flapper (66) is hinged (65) about a rectilinear side thereof.
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at | east a portion of 1.3 circunferencg-of the furnace paratus (10), at
| east a portion of one of said chanbers (46,60) is di sposed above at | east
a portion of the other chanber (46, 60); a duct (54) fromthe air
preheat er comruni cates with said hot air chanber (46); a duct

(62) fromyhe r¢hé appAraisYR dedbribein G&'ﬁ%ﬁ"ifﬁﬁhé‘ﬁcﬁ%éé('{%xj?écﬁin that
recircul ati on gas chanber (60); a ﬁassageway. I'S" di'sposed
bet ween said hot air chanber (46) and said recircul ati on gas chanber

(60); and a valve (66) is provided between a first position wherein
flow through  said Bapper d66), {6@)passagevidye(6G8s aad asabdl dueei(62) Rsr ofhel an
(22) is blocked and  flow through said passageway (64) between said
hot air chanberassggipted recircalationfan (Bébaneodmmsmegmd(ﬂmﬂwrec( ];ﬁlﬁ)):hatshopenh
to allow fl ow . t her tween and a second position erein ow t hroug
sai d duct (62) said ﬂangéem g@ﬁ@ﬁﬁdameblqcmg relationsbip teysaiddyct €Xot

0 eked e | fom e bR R BoBER RS A RS e T

prevent Tlow  fanner (66) is disposed in blocking relationship to said passageway (64)

in said first position.
8. The apparatus as described in Claim 7, further characterized in that

said recirculation gas chamber (60) and said hot gas chamber (46) have

substantially identical cross-sections taken through horizontal planes.

9. The apparatus as described in Claim 8, furthef characterized in that
said hot air chamber (46) and said recirculation gas chamber (60) are
aligned such that substantially all of one of said chambers (46,60) is
disposed directly above all of the other of said chambers (46,60).

10.  The apparatus as described in Claim 2, further characterized in that
at least some of said outlets (52) of said hot air chamber (46) have

dampers (53) disposed therein to regulate the flow of hot air out of said
outlets (52).

11. The apparatus as described in Claim 10, further characterized in that

RO O
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t her ebet ween. 15. '. apparatus as ;described in C 14, further
characterized in that 'ééi d gas recirculation chanber (60)
.and said hot air chanber (46) are di sposed in abutting rel ationship
and have a common wal |l (50). 16. The apparatus as described in Caim

15, furth h ] i 2 Sal.g: [
openi g (64) 1 & LESESSRE e id BRiots (52) of gad¥eliyPRation piienafiber (B0R", |
in daiml6, fuaiddanpeay @3Y ehdréBlio Rghlafd the flow of recirculation gas out of

said outlets (52).
12.  The apparatus as described in Claim 11, further characterized in that

each of said chambers (46,60) is adapted to extend across one wall of the
associated furnace (10) as well as the two corners thereof that are
adjacent to said one wall whereby both hot air and recirculation gas may

be injected tangentially to the interior of the associated furnace (10).
13.  The apparatus as described in Claim 11, further characterized in that

said hot air chamber (46) is disposed at a higher elevation than said

recirculation gas chamber (60).
14.  Combustion apparatus characterized in that

a furnace apparatus (10) is provided having four walls disposed in
generally rectangular relationship as viewed in a horizontal cross

section;

a recirculation fan (22) is provided for directing furnace gases exiting

said furnace apparatus (10);

a hot air chamber (46) is provided for receiving hot air from an
associated air preheater, said hot air chamber (46) has one or more

outlets (52) communicating with the interior of the furnace apparatus
(10);

[T ——



said valve (66) is a f.o val ve (66). ,.18. The app tus as described in

Claim 17, further characterized in that sai d ap val ve (66) has
only a single generally rectangul ar flapper (66). 19. The apparatus as
described in C aim18, furt her charact eri zed in that said flapper

(66) is hinged e({ib'arcﬁ ?asrél‘ﬁﬁér@@ %l&%?f@rof%eiviﬁg recir&ﬁ&ti@t?par atus

as described in daim19, r| ze

f1apper (66), Sg"uscﬁmmwma@& faﬁr(sz,ada@h fesicul81dh garsoéna&ﬁ@er (60)

associ ated recirculation fan (22) are dinmensioned and configured so’that

sai d flapper (6Gfs ome o sporedutletsb{52g kiongmuaicating nwith pthecintetich dfiabe (62)
fromthe associated recirculation fan (22) in sald first position, and said
fl apper (66) i sfudhaecappdratus bl®)¢kachyof smdtuhanﬂimrs)(lt&)w)ajscmmmdgmmm (64)

in said second position.
at least a portion of the circumference of the furnace apparatus (10), at

least a portion of one of said chambers (46,60) is disposed above at least

a portion of the other chamber (46,60);

a duct (54) from the air preheater communicates with said hot air

chamber (46);

a duct (62) from the recirculation fan (22) communicates with said

recirculation gas chamber (60);

a passageway (64) is disposed between said hot air chamber (46) and

said recirculation gas chamber (60); and

a valve (66) is provided between a first position wherein flow through
said duct (62) from the associated recirculation fan (22) is blocked and
flow through said passageway (64) between said hot air chamber (46)
and said recirculation gas chamber (60) is open to allow flow
therebetween and a second position wherein flow through said duct (62)
from the associated recirculation fan (22) is not blocked and flow
through said passageway (64) between said hot air chamber (46) and
said recirculation gas chamber (60) is closed to prevént flow

therebetween.

15.  The apparatus as described in Claim 14, further characterized in that
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said gas recirculation chamber (60) and said hoi air chamber (46) are

disposed in abutting relationship and have a common wall (50).

The apparatus as described in Claim 15, further characterized in that

said passageway (64) is an opening (64) in said common wall (50).

The apparatus as described in Claim 16, further characterized in that

said valve (66) is a flap valve (66).

The apparatus as described in Claim 17, further characterized in that

said flap valve (66) has only a single generally rectangular flapper (66).
The apparatus as described in Claim 18, further characterized in that

said flapper (66) is hinged (65) about a rectilinear side thereof.

The apparatus as described in Claim 19, further characterized in that

said flapper (66), said passageway (64), and said duct (62) from the
associated recirculation fan (22) are dimensioned and configured so that
said flapper (66) is disposed in blocking relationship to said duct (62)
from the associ;rted recirculation fan (22} in said first position, and said

flapper (66) is disposed in blocking relationship to said passageway (64)

in said second position.
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