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~ APP~""ws FOR CONTR~UJNG.·sTEAM :rEMPERATtlRE . . . 

TECHNICAL FIELD 
5 The.Lin,yentietf reltfte.s, ·to •iilRlaqis such !'.as 1hose· u$9Ct- in !power generation 

.apparatus andmore particularly :to apparatus for 1ntrodt.icing gas recirculation 
in a fumace. The COl)tr;Ol 'Qf steam t~~ liS of gre.t.imPottahce for many 

f8PP(~tions. d:or: example. ·.maintaining s~ turiDhie efticithCY over .a wide load 

range9 and avoidiR~fluctuations in turbine -metal temperatures requir~ .constant 
10 primary steam and reheat temperatures over .the anticipated opera~ing. ,load 

range. to sati!ify·this recquirement, .a.boiler mu$t'be 1equipped with means for 
~ontra11ing and ~nin~ such $team terriperatures•over1tle 'desired range. 
·Jf uncontrolled, -steam temperatures will rise as ttt, steam output increases. 

15 ·One -aCJprbach'~'Slearn-1emperature control is gas- ~circulation, in which a 

.portion-of the eombuition gases ate brou{;ht back to th•tµrn-ce and are added 
to the "once-ttu:ough" flow of gas passing over the superheater and·the reheater. 
The prior art recirculation approach is to introduce the recirculated gases 

through a gas r.ecifQllation fan located ·near th& co~nt of the furnace, into 

20 ducts eXtending,-the fun width of the furnace. ·;these :prior:,art:c:fucts are exposed 
to radiant heat and. accordingly, must be. lined with a refractory material. Toggle 

;>ints must also l9e used in this duct system t01allow for the downward expansion 
of the fUmace. 

25 ;Gas recirculation is commonly used in oil fired furnaces ·as well as combination 
furnaces that may be fired by efther 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 positive gas seaf for the-recirculation 
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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 

s 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 ttmt has injected recirculation air through 
10 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 fot reduction of nitrogen oxides (NOx). 

OBJECTS AND SUMMARY OF THE INVENTION 
1 s 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 _pe less 

expensive than structures that introduce recirculated gas through the furnace 

20. bottom • 

25 

. It is another obj~ 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 
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 

30 communicating with the interior of the furnace. The apparatus includes a 

recirculation gas chamber for receiving recirrulation 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 p_ortion of the 

··*' . 
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other chamber. The apparatus also -includes a dt,1d from the ~ssociated air 

:preheater 'COmmunicating with the :hot air chamber and a duct from the 

associated~ra.1lation fan oommunicatil)g.wlth elbe recircutatlonijJ~S chamber. 

A ·passageway is diSPo3ed betw.~ the hot air iChamb$r and the recirculation 

·s gas chamber; :and the apparatus. inctude$ a wfve movable rbetween a first 

:position wherein flow through ti')~. dupt from -l'le~ciated re~{Cl,.lfation fan is 

blocked and flow through the passageway between- thet\ot air ch~l$er ·and the 
recirculation gas charnber~is .open to allow flow4therebetween and a second 

.position wherein flow through~ duct fmm the associated recirculation and is 

10 not blocked and flow through the passageway between the hot air.cham~er and 
the recirculation gas chamber is closed to prevent flow therebetw~n. 

Jn some .forms(># the invention th• gas recirculation champer and the hot air 

chamber ar~ disposed in abutting re111tion,hip and h~ve a -common wall. The 

1s pa$Sageway js an opening in th'ecommon.waH in some forms ofthe invention. 

The valve may be a flap v~tve which. may ~io9tµde only a singla generally 

rectangular fla~. 

In some forms of the invention ·the flapper is hinged .about a rectilinear side 

20 th~reof and the flapper, ·the ·passageway, and tt)e duct frofn . ..the associated 
recirculation fan are dimensioned and ~f'.lfigqrpd s.o. that tfle1tat:Jper is disposed 
in blocking relationship to tf\e to duct from ttl$.' assopated reci.rp.ilis~ion fan in the 

first position, and the flapper is tdisposed ·in blocking relationship to the 

passageway in the first position. 
25 

The recirculation gas chamber and the hot air gas chamber may have 

substantially identical·_cross-sections tak"° through;hqriz.on!al planes. The hot 

air chamber and the recirculation gas chamber may be .:atign~d such that 
substantialiy an of one of the chambers is disposed directly above all of the 

30 -other of the chambttrs. At lea15t 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 recirculation gas out of the outlets. In some forms 

35 of the invention each of the chambers extends aaos$ one wall of the associated 
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furnace as weH as the two comers thereof that are adja~nt to the one wall 

whereby both hot air and recircUlation gas may be direCted tangentially to the 

interior of the associated fumaee. The hot air chamber may be disposed at a 

higher elevation than the recirculation gas chamber. 

BRIEF DESCRIPTION OF THE DRAWING . . . . . 

The invention will be better understood by reference to the accompanying 

drawing in which: 

1 o Figure 1 is a side elevational view of a fumace that _may utilize the present 

invention. 

15 

Figure . 2 is a sch&matic elevational view illustrating in greater detail a 

conventional gas recirculation system. 

Figure 3 is a perspective view of a portion the windbox elevation of a furnace 

which incorporates the present invention and which illustrates the position of the 

dampers when to no gas recirculation is being used. 

20 Figure 4 is a schematic front elevational view of the Windbox shc>wing the flap 

door bloddng the gas recirculation duct and allowing passage of hot air from the 

hot air plenum into the gas recircuJation plenum. 

Figure 5 is a view similar to that of Figure 3 illustrating 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 recira.llation is being used. 

30 DESCRIPTION ·of THE PREFERRED EMBO[)IMENT 

Referring now to Figures 1 and 2 there is shown a conventional furnace 10, 

including a waterwall 12. It will be understopd th~ present invention may be 

incorporated in a wide variety of furnace str1Jctures and that the illustrated 

furnace 1 O is only one such furnace. The furnace 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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thereof. Extending from this outlet is a lateral gas pass 13 which connects with 

the upper end of a vertieally extended gas pass 14 that extends downwardly in 

~.@Hef felation ~ the furnace 1.Q. Cbmb~ion ~s seq4entiaJry, pass 

through the furnace 10, the latenal ·g-s p~ss 1 )t a g~s pass 14 -and a stack {not 
s shown). The illustrated fumace 1 o is provided with1bumers 16 and windboxes 

20. The_furriace is made up of a frQnt wa.lt-17 and rear wae• .1 ~· Sid.e:wa.fls 19 
(one shown) are disposed in spa.ced refatiQnship and·join th&nnt w-1•· 17 and 
the rea(~l 18. :e~ ofthew4J's 17, -.18, 1.9 is awaterwall haVin'1 a pluFa11ty of 
tubular members-extending vertically. 

10 

Referring now to ·Figure 2 there is shown the prior art approach. In this 

approach the recirculated gas .i$ ir,itroduced thrE>t:1'fh a ffS-t'.cir:cula~ion fan 22 

.located "-"r ~ cOUtant 24 of~~~. into qy~s 2s~nElir'lsr thb full width 

of the futnace. This requires ·that t•A-frc;ime" ;3upport~ at the bottom of the 

1s 'furnace b.ottom bA· desigh~d to permit enttancel into the ·turncice through offset 

tube openings in the coutant 24 bottom. The$e prior art ducts 26 are exposed 

to radiant heat and accordingly; must be lined with a refractory material. Toggle 

joints must aJsd be·~ in this dud system to, allow for the downward '.E!xpansion 
of th~ffurnace. 

20 

The. gas supplied to "the gas recirculation fan i22 is tapped off the main ~gas 

duct after the aas l~aves .the economizer 30r-tnd ·b~fore the igas enter51:he 

air preheater (not ·shown). A damper 28 contiots thtt flow and is part of the 

steam temperature control system. The gas recircutation 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 futnace .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 s~at air 

30 is provided. More particufarly, 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 t!Ven -the b~st shutoff 

damper has some leakage higher pressure seal air is tapped off the duct 34 

directing air from the air heater (not shown) to the windboxes 20. This 

35 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 faii and {2) intermediate the 

shutoff damper 32 and the damper 40. The v·a1ve 38 is ordinarily shut, but 

opens automatically upon closing of the shutoff damper 32. This allows a 
. . . 

small flow of seal: air to protect the equipment that might be damaged. 

. . . 

Referring now.to Figures 3 - 7 there is shown the apparatus in accordance 

with one form of the pre5ent invention. Th~ ~pparatus includes a windbox 

46 which is a pienum chamber for air from th~: .preheater (not shown). In 
. .·. 

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 inventio~ the furnace 10 ·may have a wind box at each 

corner of the furna~e or on o~e side or: o~ tw~ opposed sides. The term 

"side" in this cont~xt include~ the front and b~clc ~f the furnace. Such 

embodiments will still incorporate important features of the invention that . . . ·: . -. . . ' . 

1s will now be describ~d. 

. . 

In the illustrated preferred e~bodi~ent the windbox includes a· hot air 

plenum 46 that has a generally planar top 48 and a g~nerally planar .. 'bottom 

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

20 that abuts ~he f~rnace 10 incl~des a plurality of parallel spaced plates 52 

that define the 9penings thr~ugn which the hot ~ir. is directed into the 

interior of the furnace 1 O. Between .each adjacent pair of plates 52 is 
'. .·,: . .· ·. . .· .. 

25 

disposed a pivotally mounted damper 53. A duct 54 is connected 

substantially to the geometric center of the hot air plenum 46. 

. . . 

A recirculation gas plenum 60 is ~isposed . in the. illust~ated embodiment in 

abutting relationship to the hot air plenum .46. More particularly, the 

recirculation gas_pleriu~ 60. and thehot air plenum 46have the common 

wall · 50. That common wall 50 .may also be referred to as the generally 

30 planar bottom of th~ hot air plenuni 46. In the preferred embodiment the 

re<?irculation gas plenum 60 and the hot air plenum 46 have identical cross 

sections and both extend across one side ~nd two adjacent corners of the 

furnace 12. The re.circulation gas plenum 60 also includes a plurality of 

spaced parailel planar plates 52. Pivotally mou.nted dampers 53 are 
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disposed between adjacent ·.plates 53. A duct 62 couples the recircutation 
gas plen~r.n 60 to the recirculation fan 22. 

Preferably the '\lfwct .62 is rectansular in·cross section and one side is afigned 
s with tand su~tanti;llty co~la~r- with the ib.ottom 450 of 'the~hot rair plenum 

46. .:fhe.-bottom or -common waif SOJ{l 'J>teferably {Provided W<ith .an -opening 
-64 that ·is substantially adjacent to theiintersection 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 substantiaUy 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 ;Preferred embodiment. is 
piveta11'{!1T1Qunted~ about .one edg~~rE!of -'disposed ·n~.at !the inters.,ction of 
the duct S2, the bottom '60 and the recirculation :ga$ .'J>ll!num •60. 

15 The flap doo~ 66 is movable from the position, ;shown in Figure 5, to 1the 
position in Figure 7. In the former position the hot air from the ·hot air 
plenum 46 passes through the o~ening '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(jefined by the·plates 52 in the recirculation 
plenum 60· control the flow of t_he gases into the furnace 1 O. 

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 
plenum 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 ot 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 disposed at a higher elevation than the hot air plenum 46 in 
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other forms of the invention. PreferablY.· the t\VO plenums will still have a 
common wall because this 'arra11Qeroeht is more simple than having two 
completely separate chambEtn;. The . ~implicity is desirable because the 
strudure is easier and cheaper tq c:Ons~11J,~. Altematively, the chambers could 

s be independent chambers ~~~ t)yr~ duct (not shown). Preferably, even 
in such embodiments, the 'appara~u~ Wit( also include a flap door 66 that will 
provide the same rediredion d fJow.:ihat ~as b&en described above. 

The invention has ·been descri~d With:··reference to its illustrated preferred · 
10 embodiment Persons skilled in tt;te art Of ~uchdevices may upon ·disclosure to 

the teachings herein, conceivedtier v~riations. Such variations are deemed to 
be encompassed by the discl0$Ure, the ,invention·· being delimited only by the 
following claims. ' · 

;.! 

""I. :~--
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Having thus described our Jh~e~ti~r( ~e c'8~: 

1. AppanJtus for cooperation with an ass~ted fµmace which C9mp_rises: 

s a hot air chamber for receiving hot air:frein an a$SOCiated .air:,preheater. ·said hot 

air chamber having.one .or mqre ou.tl,_l$ co.mmuni~ing ;,With the i~.-;or of the 
associated fumace: 

a recirculation gas chamber for receiving reclradation ·gas from a recirculation 

10 fan, said recirculation gas chamber having one or more outlets communicating 

with the interior of the associated fumace, each of said chambers being 
disposed about at least a portion of. th ... ci~P,f.the.a$soci~~:furn~ce, ,,,. .. 

15 

at least a portion of one of said chambera being 'disposed above at least a 

portion of the other chamber; 

a duct from tthe associated .air preh~•er opmmuni9.a,tin$J with sQip hot air 

chamber; 

a duct from the associated recirculation ;fiiID communicating :with said 

20 recirculation gas~amt>tar; 

a passageway dispo$~ ~said tpt air .ctUJ~ il(ld~id recir~lition gas 
chamber; and 

25 a valve movable between a first position wherein flaw through said duct .from the 

associ~~ recir~lation fan is blocked anct flow thrpuJh ~aid pa,;>ageway 

·between 'said hot eir cham~r ang said rec~ation gas ohamber 4~ ·open -to 
allow flow therebetween and a second po~,ition wherein flow1hrougtt said duct 

from the associated recirculation and is not ·blocked -and flow through said 

30 passageway between said hot air cham~r and said reciq:ut111tion gas chamber 

is closed to prevent flow therebetween. 

11111111111111 1111111111111111 
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2. The apparatus as described in claim 1, wherein: 

said gas recirculation chamber anc:f sai~ hot air chamber. are disposed in 

abutting relationship_ and have a commo~_wall. 

3. The apparatus as described in claini 2, wherein: 

said passageway is an opening in said common wall . 
. •·. : .• 

10 4. The apparatus as described in claim 3, Wherein: 

said wive is a flap valve. 

5. The apparatus as described in claim 4; wherein: 
15 

said flap valve has only a singie generaily rectangular flapper. 

6. The apparatus as described in claim 5, wherein: 

20 said flapper is hinged about ·a rectilinear side thereof 

7. The apparatus as described in claim 6, wherein: 

said flapper, said passageway, and said duct from the associated recirculation 

25 fan are dimensioned and configured so that said flapper is disposed in. blocking 
. . 

relationship to said to duct from the associated recirculation fan in said first 
position, and said flapper is disposed in blocking relationship to said 

passageway in said first position. 

30 8. The apparatus as described in claim 7, wherein: 

35 

said recirculation gas chamber and said hot air gas chamber have substantially 

identical cross-sections taken through horizontal planes. 

111111111111111111111111111111 
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9. The apparatus as descrtbdh· ~ .~IAirlt 8, wherein: 

i11iiiUT 

'Said hot air.chamber and saidJifecirculattonlJSS-.chambt:tr art!aligfled $UCh that 
substantiaUy all of one of said chamJ>ers is disposed directly-above all of -the 

s "f)ther of saii;i ch~mbers . 

.at least some of said outtets of·~aid:fiot air·chamber have~ami>ers disposed 

1 o therein to regulate the flow of hot air out of said outlets. 

at least some cl said outJetsd$iidite¢i~J1~on.gas . .Qlaff1gerh•VI! dampers 
1s therein to regulate the flow of recirculation gas out &f said o~tttts. 

12. The ap~u~,~~ describetHn cfajm 11, w~refn 

each of said chambers extends!&a'oss one wall of the associatedtfumace as 

20 .weJJ;-as1.fb.e two earners thQreof th~t SJM.ad.i•pent tQ $$jd-QneWi.ill•-Wt\tll&1'v:bQlh­
hpt ~ir and re~irq.datiqn gas ma~ be -~ns~nlja1fyrto ·u. interi_or of-~ ;;ls§ociated 
.tµmp. 

2S 

30 

35 

13. The apparatus as described in clalm 11, whefein: 

said hot air Cfhamber is disposed f!J t)i~ et-.vatton than ~id-~cyl•tiqn gas 
chamber. 

14. Combustion apparatus which comprises: 

a furnace apparatus having four walls ·aifPOSed in gener{tlly ret;t.angular 
relationship as viewed in a horizontal cross section; 

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

' 111\11\ \\\ll\ 111\l 1\lll \\ \Ill 
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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; 
·: .: 

5 a recirculation gas chamber for receiving recirculation gas from said 

recirculation fan, said recirculation 921!$ Chamber having one or more outlets 

communicating with the interior of the furnace 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 being·disposed above at least a portion 

1 o of the other chamber; 

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

a duct from the recircuration fan c6mnumicating with said recirculation gas 

1s chamber; 

a passageway disposed.between said hOt ;;1ir chamber 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 recira.llation gas chamber is open to 

allow flow therebetween and a second position 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 said 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 air chamber are disposed in 

abutting relationship and have a· common wall. 

\\11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\-
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16. The apparatus as desdti~etj, In ei.,m 15, wherein: 

said passageway istan opening qn said common wa)t. 

s 17. The apparatus as desaibecHnltl$im 16, wherein: 

said valve is a.flap valve. 

18. Th& app•tatus\as described· in'Claitn 17, vm~n: . -

10 

said flap vaJve has onl¥ a siAgJe flenerally rectangular flapper. 

1 s said flap~t i$ bing8<t flJ>oµt a reeti~~ sia.. ,theR:1t)f' 

20. The appflratus -as d&spribed in daim 19, wherein: 

said flapper, said passaf18W8y, ahd $aid dud from tl3& as$ociated recirculation 

20 fan are dimensioned and configured so th•t Si1fd flaPPer is disposed in blocking 
relationship to said to duct from t._ a~~d retjrculation ~ ·in ·said first 

position, and said flapper is- difpos~ in- blo~og -r•Jationship to said 

passageway in $aid ·second-poslticft1 

25 

lilii1lf 
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