REGENERATIVE AIR PREHEATER DESIGN TO REDUCE COLD END FOULING BACKGROUND
OF THE INVENTION 1. Field of The Invention [0001] This invention relates generally to a steam
generating system having a fossil fuel fired boiler and a regenerative air preheater. More particularly,
the present invention relates to a steam generating system having a fossil fuel fired boiler and a rotary
regeneragisiNERIeAgE Ak PRbitEIetEret fxsiton dusingvandradoles epamtionievets- 2
Discussion ot Prior Art [0002] During the combustion process in the boller, the sulfur in the fuel is
oxidized to SO2. After the combustion process, some amount of SO2 is further oxidized to SO3, with
typical arRAREGIRMENS dF ORI Y, Tl'@"tb SO3. The presence of iron oxide, vanadium and other
metals at the proper temperature range produces this oxidation. Selective catalytic reduction (SCR) is
also widejy knowpe exitheeiavepivm of the SO2 in the flue gas to SO3. The catalyst formulation
(primarily the amount of vanadium in catalyst) impacts the amount of oxidation, with rates ranging from

0.5% to dVEPL SRISNBKRYPIR46(8I8RARBEIMY TR SHERDIRESIRIMPSHRIBB IR A 0B Th new

SCR canfgepfRda'e6ilbeERRFa %&éﬁé@@/@@i?ﬂ%ﬂ@ﬁh\%ﬁ@%@ﬂ§@?tﬁ@ﬁ}%s'éh@fi' acidic
ground level problems and other environmental issues. [0003] Rotary reg(aenerator heat exchangers are

commoni YRBEPHT BRI SIGRR HRNEHIRY R HieTRBRYIBS 3 RShERbITRR RRIKANE the cooler
input air a4 is %Qéw&‘&m@aﬁpg}@@&@@hﬁ'ﬂ%iﬁﬁmm&% MW%HHQ%WB@W is typically
referred to as an air preheater. The purpose of an air preheater is to increase the efficiency of the
fossil fueRREFYIRY. IRVRI§amentally, a rotary regenerative air preheater consists of a large cylinder
packed with a plurality of spaced sheets of metal. The sheets are separated from one another to allow
hot flue gases to flow over the surface of each plate parallel to the axis of the cylinder, heating them.
The hot sheets PEGdeiaN PLEHY Asbler input air stream to heat the input air. The flue gases and

input air psoEgly HgMhEfREEbBLAIGRSHeREEd I Re IR AitRetQNfsrliRaRNiRIGY BWlarZscontinually
rotated around its axis so that the hot gas and the cold air flow alternatelﬁ*over the same metal sheets.

[0004] THR BSetu AL s ISRREINPISSS PR S UREREMHAON R s iRl THEkiAY (B3 And water
vapor (H2® savbrtyen Hiacuraust oss sseaaed 25y isisgtdense wibipriheatpesheater, the

SO3 combines with water vapor and condenses into liquid sulfuric acid (H2SO4). This occurs when

the temp BRI YR YRARAUL TS G0 LUNER ARSI RAHYR IRIBRREIEBIRGT i 5 ENRBEPI RIHERSW the dew
point of SM@6<>‘<iaai@bW@l@&W@@f&ﬁg&@WMﬂﬁég@@hm et WrrIFKeRA tbeoRiaias surfaces in

the air preheater, they stick to the metal surfaces and cause a phenomenon called fouling. Fouling

degradePHEAHREERRYE 2R HiF Hiéh 88RF Dy Rstridim GRS IR EANRI B HoRfRg through the
air preheatbURPEPY AaRiAIOR YARIR o) SHEpAt QI thiE arpdaitastiexivHirrciRatatiiesmatglisyrfaces to

remove the ash/acid deposits in a &ocess known as sootblowin%. Sootblowing removes some, but not

all, of the P ELRYPIM AMEMerad sHEBRS LtRieR] F1REBId diers HRREGEME RIS IR RS are often
below theygieyy Bt Atihe AP SER the iR gaRirgaURE@ asRariteas thedrnsSibie GRARENSe on the

surfaces of the heat exchange elements. As the condensed ash and H2504 accumulate, they create a
pressure IR LR ﬁﬁ@\ﬁfﬂ%ﬂb@r iRsa s dicoraniet leys! Rinblsssand @S Heryeensnig over
time as sglggsuch as ash or other solid material from the combustion of the fuel also accumulate on
the heat exchange elements. If the fouling is severe enough, the flow passages between metal sheets
may become plugged. In this event, heat transfer surface area is lost and the fan may be incapable of

moving theooeFFEs@Ry eIy afciamebyeien Agérored daematoprphreigon0d MihEhesaldwrnd of an

air preheater, by nature of the Iowertgas temperature, has a higher gas density and hence a lower flow

velocity. ﬁ*ﬁﬁc‘%ﬂﬂ}%@é@@%ﬁﬂ hBar FABL e BhNHERRR BRPA LR S PRIEE RPHORVEIERS. Lower gas
velocitiesatsdes i HdpansUeitin AR Gthae faeiris afsrsadddbfadingestitngetqw boiler load.

Low boiler lpad causes the velocity to dE%Ei to a velocity that can be as low as 25% of hot end

maximurtYPSRINGIE FEEHE GRER) 0B RaFFenlie (REFRGS S Yl 38 IR MRAREIR Rer that resists
fouling unfleeyarythe eonaRirtipBIapRAHSSS [FUIBANARY. (un dHrI®NEINTHtary

regenerative air preheater consists of a large cylinder packed with a plurality of

spaced sheets of metal. The sheets are separated from one another to allow hot
flue gases to flow over the surface of each plate parallel to the axis of the cylinder,
heating them. The hot sheets are rotated into the cooler input air stream to heat the

input air. The flue gases and input air usually flow through the air preheater in
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[0010] Briefly stated, the invention in a preferred form is an air preheater that is more resistant to
‘fouling’ under varying boiler loads. [0011] It is an object of the invention to provide an air preheater
that is more resistant to corrosion. [0012] It is an object of the invention to provide an air preheater that
adjusts to varying boiler loads. [0013] It is an object of the invention to provide an air preheater that

adjusts flyginsuelneityismsenvrdntroQisneads. d8RALAIesRIRLT ntRey aRIagesRAthe
invention will become apparent from the drawings and specification. BRIEF DESCRIPTION OF THE

DRAWINBGS 166 985 i sheseAld e HaYn e BEE e URGer a6 dkid ifh§6kSerous objects and

advantages will become apparent to those skilled in the art by reference to the accompanying
drawings in which: [0016] Figure 1 is a perspective, partial sectional view of a conventional rotary

regeneratfRO%r BrerEaiCid @l FrEGuRtIoNLh 3 (gl dHe \ALR R LA SRIARYERHAHNh Y ISHYEm having a
regeneratiye ginALRQMS aien a8 s idn RecAfiERN aeVeith i Piesastdbyriien a[Q0#isrgure 3 is a

side elevational view of the damper manifold of Figure 2; [0019] Figure 4 is top plan view of the

damper H8AMRFMEHHR 3T PSRRI uBS T s CPFIRRR WHNRAENERAUIGRY FNNESSEFigure 3:

and [002HibipgriRiGsisfaREaRme Bew offiie a0t hiakre theREMAHERIPBB&MECEENfh THE
PREFERRED EMBODIMENT [0022] The majority of steam-generating systems utilize stationary or

rotary re G2 RAERESSFRRBRE RS DRI SRR RGNS RIEAR RAQY T dR¥sPelhRic Bt rotary

regeneragjypl aip\rieReaiRrparkitie yRRPE BIURIE BERI QI EEBBIFFSd piRitRE RealrexalaRDSpIaERNtS. The
present invention relates to boiler systems equipped with either type of regenerative air preheater. To

facilitate tdB8<AbRTEAEFRRARGY ShShie MRl Ry dRcER88Y LR R R ia g saligd
regenerafd(ginl. PrABiAG degrades the efficiency of the air preheater by restricting the

amount of air and gas flowing through the air preheater.

[0005] High velocity jets of steam or air are periodically directed at the metal
surfaces to remove the ash/acid deposits in a process known as sootblowing.

Sootblowing removes some, but not all, of the deposit from the metal sheets.

[0006] The cold ends of regenerative air preheaters are often below the dew point of
the H,SO, in the flue gas, causing a portion of the H,SO, to condense on the
surfaces of the heat exchange elements. As the condensed ash and H,SO,
accumulate, they create a pressure drop in the flow through the heat exchanger 100.
The pressure drop becomes larger over time as solids such as ash or other solid
material from the combustion of the fuel also accumulate on the heat exchange
elements. If the fouling is severe enough, the flow passages between metal sheets
may become plugged. In this event, heat transfer surface area is lost and the fan
may be incapable of moving the necessary amount of combustion air through the air

preheater.

[0007] The cold end of an air preheater, by nature of the lower gas temperature, has
a higher gas density and hence a lower flow velocity. Typically the cold end flow
velocity is only about 60% of the hot end flow velocity. Lower gas velocities also

result in more fouling.



[0023] With reference to Figure 1 of the drawings, a conventional rotary regenerative preheater 10 is
shown. The air preheater 100 has a rotor 112 rotatably mounted in a housing 114. The rotor 112 is
formed of diaphragms or partitions 116 extending radially from a rotor post 118 to the outer periphery
of the rotor 112. The partitions 116 define compartments 20 therebetween for containing heat

exchangegiggpenheaskeinssastigs 16 %o (NAg4EIER BYie6d By [KRaenetlisileaigaxchanger 100,

the flue gas stream 224 and the combustion air inlet stream 230 enter the rotor 112 from opposite

ends and"BHSEHHIHp YRR HORSIO Y BIRCHE AN RLEAR RS A dAYE AR 428 RO LS Wthin the heat

exchangeRigment asipiLaseerabligy R Consequently, the cold air inlet 130 and the cooled flue gas
outlet 126 are at one end of the heat exchanger, referred to as the cold end 144, and the hot flue gas

inlet 124 and the heated air outlet 126 are at the opposite end of the air preheater 100, referred to as
the hot e[gbdgoconetan plaiesel Boeéaitkacersaitsranesias thaf rrdiseemihiggereeand lower faces
of the rotor 112. The sector plates 136 divide the air preheater 100 into an air sector 138 and a flue
gas sectdRIMDI[EOTHURHER BN MSgure 1 indicate the direction of the flue gas stream 224 and the
air stream 230 through the rotor 112. The flue gas stream 224 entering through the flue gas inlet 124

L oYM EMeET D Bisitioned in the flue gas sector 140. The heated heat
exchange elements 142 are then rotated to the air sector 138 of the air preheater 100. The stored heat
of the heat exchange element basket assemblies 122 is then transferred to the air stream 230 entering
through tHOHH iBrehsetated. dbRI Ve dDRPstieaiacb B ishaipRIeEsRIET HtrtHRotigiahe flue
gas outletL26 anq 4he BRLE S RdePWiel 38 £xdts the preheater 100 through the air outlet 132.
[0026] As stated above, additional acidic fouling of the cold end 144 of the air preheater 100 creates a
larger pressure drop across the air preheater 100. Particulate matter carried in the flue gas also
accumulaiis VRNURRE 0B de SRR AiDR I Bl svBkaRRaiPlsERDE AR i presence of these
deposits addsto the pressure drop of the air preheater. This particulate matter tends to accumulate
predomir&atRlant s AREXSEBas of low flow velocity. [0027] Therefore, fouling is due to two problems:
[0028] 1) condensation of acids that accumulate fly ash and other particulates; and [0029] 2) regions of
low velocity flow that become lower at low boiler loads. [0030] There have been attempts to overcome
each of tH0pRbBidmanrPhifetaitthiRyRvente v éYiREKIABIRIhAH ® ReASAL IPRICRAHBIIAR flue gas inlet.
This had\;gmg Qitiag [cesydts. At that time all of the factors leading to fouling were not recognized and
addressed. T0031] The present invention addresses both the acid condensation problem and the
velocity-related fouling problem. High velocity streams of particles erode solid materials in a process
similar toeaf) WasiafoBaR (1A RVsibis & RIVIRNENAIH e URRAKY fRIRCRORNSgaECater
than 1. Our experience is that fly ash erosion is proportional to the flow velocity raised to the 3.4
power. [O(%Q]?rbhé'F&@Fé’,ﬂ%ﬂﬂj%oﬂérﬁ@ﬁ@ﬁcial to increase the flow velocity in the gas sector to reduce
the amount of deposit on the heat exchange elements 142. Increasing the flow velocity in the air sector
does not appreciably aid in removing deposits because there is little to no particulate matter in the air

sector. HEW&E P teiueigatreans #ER% PhHWaNYaRtes WitheafneAspamiy §aetheraise the
gas temq?rrg‘mﬁ%énam Qﬁécﬁ%‘é%ﬁ’."hi(:h results in less acid condensation and therefore less fouling.
[0033] The air flow into the boiler is related to the operating level of the boiler. Therefore, a boiler
running at 60% of its maximum continuous rating (MCR) would require and take in less combustion air
than the pamebpjles rURIBRIEY WEeRLMBRAGARREgUEeNtly, a boiler running at 60% MCR would
exhaust [eSSTlue gas than one running a 0 . The smaller amount of flue gases exiting through
the same cross section with approximately the same density, would exit at a lower velocity. [0034]
Also, whé@0id dbie=piesanhingentconriCire PtienuUErROn @il desieajasepiactxit with a
lower te r } ' dhey i j i
’%’Pﬁ%(%%ﬁg%ﬁﬁﬂ?bBQB?ﬁ%%ﬁé?%l%N%‘?hB@@%ﬁuﬁ% Hﬂﬁ%aé(rf’ﬁ

. F%%}EP%H%%% the
exhaust flue gas ocity out o oller and temperature of the exiting flue gases.
accompanying drawings in which:

[0016] Figure 1 is a perspective, partial sectional view of a conventional rotary

regenerative air preheater;



[0035] Referring now to Figure 2, the present invention includes damper assemblies 152, 162 at the
immediate inlets to the air preheater 100. These are attached as close as possible to minimize leakage
between the damper assemblies 152, 162 and the air preheater 100. A controller 158 can be used to
partially close dampers assemblies 152, 162 during periods of reduced boiler load conditions. This

effectiveljomadycagihe Sleyaseranditenesperearesmi Glumaypigalionni0RIM Py restricting flow

into both the flue gas inlet 124 and the air inlet 130 of the air preheater, a smaller effective area for
heat trantF@ERATRELEIRIA RESEFRISE SXEHPRIBE T HILES05RNE ] Wi INSoPIBRES R SRER surfaces to
have a temperature above the sulfuric acid dew point, thereby reducing fouling of the metal surfaces.
Also, the flow velocity in the gas sector is increased, which facilitates the erosion of any accumulated
deposit. (6938 FigtHErhis & HIRLEBUaPabYIFY ﬁt@%@%ﬂﬁﬁéﬁ@éﬁgp‘g RELIGHB\Zanother heat
exchanger in order to keep the metal temperatures above the acid dew point, then obstructing flow of
both the air and gas side of the air preheater 100, the amount of heat required from the other heat
exchang&PUHH B GEER A8 . [9RIBIANdaVeCt HoegfasmR naLto bt G &'portion of the metal
surfaces on the air side requires a negligibly small amount of energy compared to the amount that
would be needed to heat the cold air to a sufficient degree. [0038] Figure 2 is a schematic view of a
steam gd O g WG eniSAGIRF S FEGEABMRYE (Blf st ereReing NG &hBIRUFE abcdfdance with the
present invention. The system includes a flue damper assembly 152 positioned inside the hot flue gas
inlet 124, as closely as possible to the face of the element basket assemblies 122. A flue gas duct 154
connects e HAGU a5 B el ek XiBW190 R \ah &Y 56 of Figure 3) of the flue gas damper
assembly 152 can be shut at reduced load conditions to effectively reduce the flow area of the flue gas
inlet 124. This increases the velocity of the flue flowing the heat exchange elements 142.
This alsoldatf a2 B RVdQUHETHERBEIERBELL fMBIADIMENE gas. [0039] The damper
system 50 also includes an air damper assembly 162 positioned inside the preheater cold air inlet 130,
as close f i {n @E%@mi i i ' Npimize air leakage.
Air dampfegrdggs:nﬁglgi Jé.{ 62 Ig?pb%%%ﬂa&ﬁ& gﬁ@a red'ucegﬁgi%ﬁgﬁ%%&%f%ﬂgr 148 to effectively
reduce tHEIRNEEREYERIHR aliaplers S inAteaRa dbg Bedes £itidke @ifedilroanrbeemareaYor heat
wransfer tgdliy iR MBgdRiAHiPEIBRBIAEAOOTRINYyRERIwINBIARBERSF {BaRFEQIBIMAAEN® cOld
end (144 of Figure 1) of the preheater 100. [0040] Due t0 the increased flow velocity in the flue gas
sector (1166095, ARMENESH CARIBEEFPIHINRNHAE ERlHBS 1A AEYOSHSERMISESWRRROf the
heat exchanggitlemepis e fe Has-aile e prle A THs faitigherasiamsisanopr isnahtndhe velocity
raised to a power specific to the eroding agent. Such power for fly ash is 3.4. [0041] Also, since less
surface aﬁ‘é@ﬁ@@%i&@k@&&“ﬁ@ﬁ?%ﬁﬁ@m%@k% AlBlgRSERISASSMY thfdugh the air
preheatebﬁgﬁggtgplld end are hotter and therefore a larger percentage of the plates in the cold end are
maintained above the H2504 dew point. This results in less condensation of H2504 on the heat
exchange elements (142 of Fig. 1). [0042] Controller 158, preferably a programmable logic controller

("PLC") wiboB|eR/Re@fene it e G R8I, SIAREURNMIRAG %‘i‘?\‘/’eh%ﬁailﬂﬁ&rﬂ}dréﬁé‘ﬁ&ﬁﬂ{?@

actuation of the damper blades in the damper assemblies 152, 162. [0043] In a preferred embodiment,

the contrBlighagerdisshauynihraH RieheateuilhdirsAdsterl sdiiriably Syawerte Dcs 160
can dete%@%éhﬁ‘g%ﬁ“ﬁ@e‘?@ﬁpﬂ@@%%éﬂ%f%ﬁ?ﬁ@@r‘ﬁ@@%F@ﬁ%ﬂ@i‘ﬁ%@@ﬁdﬁ@d can be

programmed to send a signal indicating the boiler load to the controller 158. Upon receiving the signal,

the contrERGRABSrQM aRiAaROMHLBSIfS, Toadied BEfiRE Y f4hEted issekhBlieENBspafBPAS cordingly.
[0044] Naweitbries R8s i RRIBrTioptan draperdcditrortyatuillit IRBRas R g vardavs pcations
within the air preheater may be monitored. If any structures within the flue gas sector 140 fall below
the dew p&riebAsaRBIRIaeid2vithin the flue gas, liquid acids condense on these structures. The
liquid acids accumulate and hold fly ash accelerating fouling of the air preheater. Usually, the flue gas
outlet 132 has the lowest temperature of the flue gas sector 140 and is most prone to acid

condens&8S#H TRAdIHEAHEEAN tiRUBPEERIVRINRRERKCEMBRY 40Pe fRRHNR S 3R §HRABIMIER if the flue
gas inlet shauibheAiBERAERCER AR disdrinaieasrdiun aRsyriosiy ShermipUEaRUEE hRurface

area of heat exchange element 142 that is exlﬁosed to the flue gases. The combination of increased

flue gas WaSRit) QRAQEHR CUE FRRSRVRANIR NSGEXEABEG iR 4MBAHBBH MUHt itk from the
flue gasese glevaiihHiedrinraTabasket i dnmbias siream e audng/NaaEAecaRdRELOsH [0045]

Similarly, as the air damper assemblly 162 closes more of the air inlet 130, the velocity of the inlet air
B

stream 280GriER 480l bGP BHEIBE 176 AreAéOrsoead bR dral R elAnes afsi s heat
exchangg eiprmenta thd thal asa @XReIRA fREgANNMeSeany 230 nBAik R sUNdes5daad being
absorbed by the air inlet stream 230, again causing flue gas outlet stream 226 to have higher
temperatures exiting the air preheater. [0046] Thel increased velocity of the flue gas passing through
the air preheater 100 tends to erode accumulated deposit in the air preheater at a rate based upon the
velocity raised to the 3.4 power. The controller may operate the flue gas damper 152 and the air

damper 162 to maximize the erosion of accumulation, however, the damper assemblies may not be
cloced to the dearee that allowe the evitina fliie Aaac t0o eveceed a3 mavimiim allowable temperatiire Thic

A= -0 =d



[0047] With reference to Figures 3-6, the air damper assembly 162 includes a frame 182 and multiple
dampers 156 positioned within the frame 182. Preferably, the dampers 156 are grouped in a number
of damper panel 163, 164. In addition to the associated dampers 156, each damper panel 163, 164
includes an actuator 166 and a drive 168 connecting the actuator 166 to each of the dampers 156.

[0048] AxshevBppdsiteiend. dhendilgiaprere aeseroblrdftramyodiddrdhflepdaadlesdéast of Figure

2) into sections. The dampers 156 of the damper sections 163, 164 being positioned to control flow

within fluB'IESiARE EXENhBRerSRadNP TN i AtiRcRRtHIeURREh &R IR e twiA ABSamper
assemblystodanpenshd0Q48bFplateasidararsdasseaplyrthé s ttsamenaits adapnesates in the
same manner as that described for air damper assembly 162. Therefore, the description above applies
equally fAHL2 B48 8ampRFIEL4Anly 152 as applied to the flue gas inlet instead of the air inlet. [0050]
The controller 158 operates the actuator 166 of the damper sections 163, 164 to partially restrict flow
in certain areas of the flue gas inlet (124 of Figure 2). [0051] It should be appreciated that a

regeneratR2alr P18 RELRYYSIR0RIg U dridicatq et GoliamiBhtAt R BGSSHRAE) PARARY damper
assembligfeldig skearhestH dugH 8fe3dtolnagditice Asengiestieadreateepteting erhiggue gas

inlet 124 ma)& be left with no damper assembly to control flow through it. [0052] Figure 6 is an enlarged

view of alpBrtidh 8REINFE B A IENOWESAIRBEFCL Y fiGAG FREARRIS RlBmEaSli 17 dM5eRFéin an
‘open’ angxelargt RAsHBNt Htiebassem Biies MR HRAINPIh gidasonl fatmearmnenlse. Bar seals

178 overlap and contact a Portion of the bar seal 179 of an adjacent damper to prevent the flow of flue

gas betwReHYRBEFAMIBRs T4 9B SES LN T4 ot IHe disAIRY BRAURXGhaTHRITEO S §AE8"E portion of
the frameHi2rinareRy entibesiioye elofuesgast BedvegepritelirmedB2 ansl sha s mesr J5He(0053]

Referring now to Figure 3. for vertical flow air preheaters, the controller (158 of Figure 2) may be

programMeatEX58AI8R Ale B8k RRskEl ASSRPEE S22 e tanwier pdie e ANITIEERSing the
dampers 33® eftafingRRO AMAErASHERa I8 (.64 haaibdinirdga s Weslensabn eopstekiletharea. Such

operation allows the dampers 156 of the "closed’ damé)er assembly 164 to shed any ash deposits that

might acBIRTAZIEGHRHEPHE AR PurIRseO{HEE APRABATNG NGRS AL RGN ePthe flow

area of the i engagriebiadlioorgasegitheeelnaitiet thexflue gas flow, thereby causing fly ash carried
in the flue gas to erode the cold end deposit. However, the higher velocity with a reduced area for heat

transfer produces a higher than normal flue gas outlet temperature. That is, closing off portions of the
flue gas ierEffrststakearavents Huaisesd witheadanmpoiane ebibestededhert gkchange

elements (142 of Fg[;. 1), reducing the effective heat transfer surface area and raising the flue gas

temperatBreNeatand R AR IR0 SBRI4E] HCRBRIGHS NS FEMBRIGAIRS 4% at 200% power

would requirgcu RigheTaR i ers fothines presawe adcantLgas danel Bfhanshhigbeuaperating costs
for running# the |larger motors that these Iarger fans 188 would require. For all but the worst coals, the

plant dat8 RS AGRREAN NI A SIS ot SAoR I NECPEGSENRGPLLEERE HRR S IRIAIGSIOVRE the 8
hours of jireg hieaveripssiahelaivipgeexelas: Theidpaing thakisrebeerwastis ©ithesaurnd fouling from
large particles of_"po%():/qrn" or slag that has formgd on some hotter upstream surface, dislodged and is

carried b HEOMEYAYIRIRAIZEE LALLM I WAFGRLY be acidic fouling and/or particulate

fouling in low velocity and low turbulence zones. [0056] However, at low load conditions the gas outlet

temperature is alyays lower than the gas outlet temperature for the MCR design point. This is due to
two factotjgo%?t]la_ﬁg HBlier oW Qo'ﬁd%lg@n@, twe férﬁ’ilﬁ?glrgﬁjre of the flue gas entering the air preheater

100 is lower than at the design point. The air preheater 100 is also more efficient, since the flue gas
velocity is also lower and the resultant decrease in heat transfer coefficient has a lesser effect than the

reduction {74 TARESIGRARY S AL ANSE ARehBIBIRIB04 A G ACPLARE PRIGGHIIA S MR gas

temperature. Often the lower temperature that occurs at low loads is sufficiently low to result in the
ulfuric acid. Some plants use steam air hiatin to raise the inlet air temperature, and

refora 2D ) 5 e ML o AL o ORGP 16 R BB Reing ma,

However, the accumulation of dust due to the reduced velocity is not mitigated by this procedure.

[0030] There have been attempts to overcome each of the problems in different
ways. One device functioned to partially block only the flue gas inlet. This had
disappointing results. At that time all of the factors leading to fouling were not

recognized and addressed.



Table 1 Gas Side Flow Area Ratio Air Side Flow Area Ratio Change in Gas Exiting Temp. (Avg.) (F)
Change in Coldest Element Temp. (F) Percent

[0031] The present invention addresses both the acid condensation problem and the
velocity-related fouling problem. High velocity streams of particles erode solid
materials in a process similar to sand blasting. The rate of erosion is proportional to
the velocity raised to a power greater than 1. Our experience is that fly ash erosion

is proportional to the flow velocity raised to the 3.4 power.

[0032] Therefore, it would be beneficial to increase the flow velocity in the gas sector
to reduce the amount of deposit on the heat exchange elements 142. Increasing the
flow velocity in the air sector does not appreciably aid in removing deposits because
there is little to no particulate matter in the air sector. However, reducing the amount
of heat transfer surface in the air sector does serve to raise the gas temperature in

the gas sector, which results in less acid condensation and therefore less fouling.

[0033] The air flow into the boiler is related to the operating level of the boiler.
Therefore, a boiler running at 60% of its maximum continuous rating (MCR) would
require and take in less combustion air than the same boiler running at 90% of MCR.
Consequently, a boiler running at 60% MCR would exhaust less flue gas than one
running at 90% MCR. The smaller amount of flue gases exiting through the same

cross section with approximately the same density, would exit at a lower velocity.

[0034] Also, when the boiler is running at 60% MCR. vs. 90% MCR, it produces flue
gases that exit with a lower temperature. Therefore, boiler operation level affects
the input air velocity into the boiler, the exhaust flue gas flow velocity out of the boiler

and temperature of the exiting flue gases.

[0035] Referring now to Figure 2, the present invention includes damper assemblies
152, 162 at the immediate inlets to the air preheater 100. These are attached as
close as possible to minimize leakage between the damper assemblies 152, 162
and the air preheater 100. A controller 158 can be used to partially close dampers
assemblies 152, 162 during periods of reduced boiler load conditions. This

effectively reduces the flow area and hence increases the flow velocities.



Change in Avg. CE Gas Velocity (Wce,avg) (Ws) Percent Change in Avg. CE Gas Velocity to 3.4
Power (rice,avg 34) Existing Design

[0036] By restricting flow into both the flue gas inlet 124 and the air inlet 130 of the
air preheater, a smaller effective area for heat transfer will result in less heat
exchanged. This causes a greater portion of the metal surfaces to have a
temperature above the sulfuric acid dew point, thereby reducing fouling of the metal
surfaces. Also, the flow velocity in the gas sector is increased, which facilitates the

erosion of any accumulated deposit.

[0037] Furthermore, if the cold air flowing into the air preheater is heated by another
heat exchanger in order to keep the metal temperatures above the acid dew point,
then obstructing flow of both the air and gas side of the air preheater 100, the
amount of heat required from the other heat exchanger will be reduced. This will
save energy overall since obstructing a portion of the metal surfaces on the air side
requires a negligibly small amount of energy compared to the amount that would be

needed to heat the cold air to a sufficient degree.

[0038] Figure 2 is a schematic view of a steam generating system having a
regenerative air preheater arrangement in accordance with the present invention.
The system includes a flue damper assembly 152 positioned inside the hot flue gas
inlet 124, as closely as possible to the face of the element basket assemblies 122.
A flue gas duct 154 connects the boiler 148 to the air preheater 100. The dampers
(156 of Figure 3) of the flue gas damper assembly 152 can be shut at reduced load
conditions to effectively reduce the flow area of the flue gas inlet 124. This increases
the velocity of the flue gases flowing over the heat exchange elements 142. This

also decreases the effective surface area for heat transfer from the flue gas.

[0039] The damper system 50 also includes an air damper assembly 162 positioned
inside the preheater cold air inlet 130, as close to the face of the elements in the
basket assemblies 122 as possible to minimize air leakage. Air damper assembly
162 can be partially closed at reduced load conditions of boiler 148 to effectively
reduce the flow area of the air inlet 130 and thereby decrease the effective surface
area for heat transfer to the air flowing into the air preheater 100. This means that

there is less cooling of the cold end (144 of Figure 1) of the preheater 100.



70% Load relative to MCR 1 1 -29 -7 -21%

[0040] Due to the increased flow velocity in the flue gas sector (140 of Figure 1), the
fly ash carried in the flue gas erodes the deposit on the surface of the heat
exchange elements 142 in the air preheater 100. The rate of erosion is
proportional to the velocity raised to a power specific to the eroding agent. Such

power for fly ash is 3.4.

[0041] Also, since less surface area is used to extract heat from the flue gases, the
flue gases passing through the air preheater to the cold end are hotter and therefore
a larger percentage of the plates in the cold end are maintained above the H,SO,
dew point. This results in less condensation of H,SO,4 on the heat exchange
elements (142 of Fig. 1).

[0042] Controller 158, preferably a programmable logic controller (“PLC”) with
preprogrammed control logic, monitors the load of the boiler 148 and controls the

actuation of the damper blades in the damper assemblies 152, 162.

[0043] In a preferred embodiment, the controller 158 receives a signal from the plant
distributed control system (DCS) 160. The DCS 160 can determine the operating
load of the boiler 148, based on the monitored parameters, and can be programmed
to send a signal indicating the boiler load to the controller 158. Upon receiving the
signal, the controller 158 will calculate the boiler load and actuate dampers

assemblies 152, 162 accordingly.

[0044] Now with respect to both Figures 1 and 2, alternatively, the temperature at
various locations within the air preheater may be monitored. If any structures within
the flue gas sector 140 fall below the dew point for various acids within the flue gas,
liquid acids condense on these structures. The liquid acids accumulate and hold fly
ash accelerating fouling of the air preheater. Usually, the flue gas outlet 132 has the
lowest temperature of the flue gas sector 140 and is most prone to acid
condensation. Therefore, the controller 158 will receive temperature readings and
determine if the flue gas inlet should be closed more than it is to increase flue gas
velocity, thereby reducing the surface area of heat exchange element 142 that is

exposed to the flue gases. The combination of increased flue gas velocity and
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reduced heat exchanger surface area reduces the amount of heat taken from the
flue gases, elevating the temperature of the flue gas stream 226 exiting the air

preheater 100.

[0045] Similarly, as the air damper assembly 162 closes more of the air inlet 130, the
velocity of the inlet air stream 230 increases. Closing more of the air inlet 130 also
reduces the surface area of the heat exchange elements 142 that are exposed to
the air inlet stream 230. This results in less heat being absorbed by the air inlet
stream 230, again causing flue gas outlet stream 226 to have higher temperatures

exiting the air preheater.

[0046] The increased velocity of the flue gas passing through the air preheater 100
tends to erode accumulated deposit in the air preheater at a rate based upon the
velocity raised to the 3.4 power. The controller may operate the flue gas damper
152 and the air damper 162 to maximize the erosion of accumulation, however, the
damper assemblies may not be closed to the degree that allows the exiting flue gas
to exceed a maximum allowable temperature. This temperature may be
predetermined based upon the maximum temperatures that the downstream

equipment can safely tolerate along with a desired margin of safety.

[0047] With reference to Figures 3-6, the air damper assembly 162 includes a frame
182 and multiple dampers 156 positioned within the frame 182. Preferably, the

dampers 156 are grouped in a number of damper panel 163, 164. In addition to the
associated dampers 156, each damper panel 163, 164 includes an actuator 166 and

a drive 168 connecting the actuator 166 to each of the dampers 156.

[0048] As shown in Figure 3, the air damper assembly 162 may divide the flue gas
inlet (124 of Figure 2) into sections. The dampers 156 of the damper sections 163,
164 being positioned to control flow within flue gas inlet 124. Another section 174 of

the flue gas inlet 124 being left open with no damper assembly or dampers.

[0049] Flue gas damper assembly 152 has the same parts and operates in the same

manner as that described for air damper assembly 162. Therefore, the description
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above applies equally for flue gas damper assembly 152 as applied to the flue gas

inlet instead of the air inlet.

[0050] The controller 158 operates the actuator 166 of the damper sections 163, 164

to partially restrict flow in certain areas of the flue gas inlet (124 of Figure 2).

[0051] It should be appreciated that a regenerative air preheater 100 in accordance
with the invention may include more, or fewer damper assemblies 152, 162 shown in
Figures 3-6. In addition, a smaller or a greater portion of the flue gas inlet 124 may

be left with no damper assembly to control flow through it.

[0052] Figure 6 is an enlarged view of a portion of Figure 5. It shows damper 156
being rotatable about an axis 176 between an ‘open’ and ‘closed’ position. A flat bar
seal 178 mounted to both sides of each damper 156. Bar seals 178 overlap and
contact a portion of the bar seal 179 of an adjacent damper to prevent the flow of
flue gas between the dampers. The bar seal 178 of the damper closest the frame
182 contacts a portion of the frame 182 to prevent the flow of flue gas between the
frame 182 and the damper 156.

[0053] Referring now to Figure 3, for vertical flow air preheaters, the controller (158
of Figure 2) may be programmed to periodically open the dampers 156 of a “closed”
damper panel 163 while closing the dampers 156 of an “open” damper assembly
164, maintaining a substantially constant flow area. Such operation allows the
dampers 156 of the “closed’ damper assembly 164 to shed any ash deposits that

might accumulate on top of the dampers 156.

[0054] Referring now to Figure 2, restricting the flow area of the flue gas inlet 124
increases the velocity of the flue gas flow, thereby causing fly ash carried in the flue
gas to erode the cold end deposit. However, the higher velocity with a reduced area
for heat transfer produces a higher than normal flue gas outlet temperature. That is,
closing off portions of the flue gas inlet effectively prevents flue gas flow through

portions of the installed heat exchange elements (142 of Fig. 1), reducing the
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effective heat transfer surface area and raising the flue gas temperature leaving the

air preheater 100.

[0055] In addition, a larger pressure drop at 100% power would require a higher
capital cost for higher-pressure air and gas fans 188 and higher operating costs for
running the larger motors that these larger fans 188 would require. For all but the
worst coals, the plant data measurement system does not show an increase in
pressure drop at full load over the 8 hours of time between soot blowing cycles. The
fouling that is observed is either hot end fouling from large particles of “popcorn” or
slag that has formed on some hotter upstream surface, dislodged and is carried by
the flue gas stream, or cold end fouling which may be acidic fouling and/or

particulate fouling in low velocity and low turbulence zones.

[0056] However, at low load conditions the gas outlet temperature is always lower
than the gas outlet temperature for the MCR design point. This is due to two factors.
At lower boiler load conditions, the temperature of the flue gas entering the air
preheater 100 is lower than at the design point. The air preheater 100 is also more
efficient, since the flue gas velocity is also lower and the resultant decrease in heat
transfer coefficient has a lesser effect than the reduction in flow for the existing
surface area, therefore producing a greater reduction in flue gas temperature. Often
the lower temperature that occurs at low loads is sufficiently low to result in the
condensation of sulfuric acid. Some plants use steam air heating to raise the inlet
air temperature, and therefore the exit gas temperature and element plate
temperatures to avoid condensing acid. However, the accumulation of dust due to

the reduced velocity is not mitigated by this procedure.
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1-53-6-17% -48% [0057] Table 1 compares flue gas velocity of the present invention against a
conventional air preheater during a thirty percent (30%) load condition, a seventy percent (70%) load
condition and MRC. Damper assemblies 152, 162 according to the present invention are used to effect
a fifty percent (50%) reduction in the flue gas inlet flow area to produce significant increases in the
velocity of the flue gas flow. As can be seen, doubling the inlet velocity of the flue gas doubles the
outlet velocity of the flue gas, with a proportional increase in the average flue gas outlet velocity to the
3.4 power,| A ratio of the average flue gas outlet v&&idigids to the 3.4 power at 70% power and MCR of
3.54 is achievedwith-thesubjectinventioncomp fo-of 0-32rforaconventionatair preheater.
For a 30%| power level the ratig for the subject invention is 0.43 compare®4gedt04 [for a conventjonal
air preheater. Closure of additipnal dampers 56 would rQV|d|e°BWﬁih|ghé?héﬁﬂﬁi er FereaeGliwgeand
cleaning effect (velocity to 3.4 pqueg),at/the 30% |q Eglég iﬁ?'gﬁﬁd dAde a & d% Eﬁé &% hot
necessarily optimal conditions bﬁgmgglyﬁ Wstrat RK%%)”)""‘TQ E}% '”VFVcte'9v.5 [00383 hp&itgrnative
embodiments, the dampers mdy hetrctuatetitdy gear gryes, |belfgyive, c eemm;)mecham:hvm,aJ 3golenoids
or other kngyngelidRtPr mechanisms. These all fall under the scope of the present invention. [0059]
While prefejred embodiments have been shown dnd described, various modificatipns and
substitutiontd Ar8Y BRI MR eleto ithdut départing fidin the spifit and sCOPE of the invértion.
Accordingly0t isatoehévedérstood that tt|1e present invefition hasBeen desébibed by wa9dhb illusiration
and not limitation. CLAIMS What is maTed iST L.AN air prenhgater having a filue gas infet for receiving

icting flluae nacac an air inlat farlracain/ina air (0
~JLnT lv mue M\J\'\J CATT mimreuv Tud I\I\I\dlvlllv CATT

as

flue gasesfrom-a-boiller—afluegas-outle
preheat and an air outlet for providing preheated air to the bailer, the gir preheater exhibiting reduced
fouling und¥emBssigmg boiler opgration leyels, comprising:
70% Load relative to MCR 1 1 -7 7 59% 382%

30% Load relative to MCR 1 1 -53 -6 -17% -48%

[0057] Table 1 compares flue gas velocity of the present invention against a
conventional air preheater during a thirty percent (30%) load condition, a seventy
percent (70%) load condition and MRC. Damper assemblies 152, 162 according to
the present invention are used to effect a fifty percent (50%) reduction in the flue gas
inlet flow area to produce significant increases in the velocity of the flue gas flow. As
can be seen, doubling the inlet velocity of the flue gas doubles the outlet velocity of
the flue gas, with a proportional increase in the average flue gas outlet velocity to the
3.4 power. A ratio of the average flue gas outlet velocities to the 3.4 power at 70%
power and MCR of 3.54 is achieved with the subject invention compared to a ratio of
0.32 for a conventional air preheater. For a 30% power level the ratio for the subject
invention is 0.43 compared to 0.04 for a conventional air preheater. Closure of
additional dampers 56 would provide even higher cold end velocities and cleaning
effect (velocity to 3.4 power) at the 30% load case. The conditions of this example
are not necessarily optimal conditions but merely illustrate the principle of the

invention.

[0058] In alternative embodiments, the dampers may be actuated by gear drives,
belt drive, chain mechanisms, solenoids or other known actuator mechanisms.

These all fall under the scope of the present invention.
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a. an air damper assembly adapted to adjust an opening of said air inlet, the air damper assembly
fitting tightly against the air inlet to minimize and air leakage between the damper assembly and the air
inlet; b. a flue gas damper assembly adapted to adjust an opening of said flue gas inlet, the flue
gas damper assembly fitting tightly said against flue gas inlet to minimize and air leakage between the
flue gas damper assembly and the flue gas inlet; c. a controller coupled to the air damper
assembli adapted to operate the air damper and the flue gas damper assemﬁt:flg during varying boiler

operatiort 998l HERTEIF R FEPAF I IIRNERBANPARAB SOV, 3BH &SRR, V2HiRESir preheater of
claim 1, whsdpisagRMEdles islAEARIGENS FRagIve inidle assrsto vt RetRhapaigtipbhewl and

interactively control at least one of the flue gas damper assembly and the air damper assembly based

upon the TeER38E REARE DTS AMVSUIRLA AURNYYY; WieieiRGHRISIRIORLEAP L B Rs&ve input
regardingrigsnpiefahiS BEEHRIB3ERBAXIBNOVEYDEARISHERARMINIRIARHRIGIeNtrol at least one of the
flue gas damper assembly and the air damper assembly based upon the received input. 4.The air
preheater of claim 1, wherein controller is adapted to receive input regarding a velocity of flue gases
exiting the flue gas outlet and interactively control at least one of the flue gas damper assembly and
the air damper assembly based upon the received input. 5.The air preheater of claim 1, wherein
controller is adapted to: a. receive input regarding a maximum allowable flue gas outlet
temperature; b. measure a temperature of a flue gas outlet stream; and c. control at least one of
the flue gas damper assembly and the air damper assembly to maximize a velocity of air flowing into
the air inlet while keeping the measure temperature of the flue gas outlet stream below the maximum
allowable flue gas temperature. 6.The air preheater of claim 1, wherein controller is adapted to receive
input
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regarding the flue gas outlet velocity and interactively control at least one of the flue gas damper
assembly or the air damper assembly based upon the received input. 7.The air preheater of claim 1,
wherein the controller is further adapted to adjust the flue gas damper assembly and the air damper
assembly to reduce the amount of acid condensation within the air preheater. 8.The air preheater of
claim 1, whexgynghe air damper assembly comprises: a plurality of dampers adapted to adjustably
close at least a portion of the air inlet. 9.The air preheater of claim 1, wherein the flue gas damper
assembly comprises: a plurality of dampers adapted to adjustably close at least a portion of the
flue gas i@t T @egraheater of claim 1, wherein the dampers are pivotable and are pivoted by a
drive bar aftached to the dampers. 11.The air preheater of claim 10, wherein an actuator moves the
drive barXe caubd thi BEaRparertoiing.a fye MHBEB?%E&@H@%&'I%Q?I% AiPpEnallsr Having an

air inlet affigeay A4 gas RIS Ry iAdE eég%%ua%hqh%tqeﬁraeewmw@ﬂéhsaﬁtsﬁa ah
a.measuring a temperature of flue gas outlet stream exiting the preheater;
air outlet for providing preheated air to the boiler, the air preheater exhibiting reduced

fouling under varying boiler operation levels, comprising:

a. an air damper assembly adapted to adjust an opening of said air inlet, the
air damper assembly fitting tightly against the air inlet to minimize and air leakage
between the damper assembly and the air inlet;

b. a flue gas damper assembly adapted to adjust an opening of said flue gas
inlet, the flue gas damper assembly fitting tightly said against flue gas inlet to minimize
and air leakage between the flue gas damper assembly and the flue gas inlet;

C. a controller coupled to the air damper assembly adapted to operate the air
damper and the flue gas damper assembly during varying boiler operation levels to

maintain desired air and gas flow velocities to reduce fouling.

2. The air preheater of claim 1, wherein controller is adapted to receive input
regarding the boiler operation level and interactively control at least one of the flue gas

damper assembly and the air damper assembly based upon the received input.

3. The air preheater of claim 1, wherein controller is adapted to receive input
regarding temperature of flue gases exiting flue gas outlet and interactively control at
least one of the flue gas damper assembly and the air damper assembly based upon

the received input.

4. The air preheater of claim 1, wherein controller is adapted to receive input
regarding a velocity of flue gases exiting the flue gas outlet and interactively control at
least one of the flue gas damper assembly and the air damper assembly based upon

the received input.
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b. determining if the measured gas outlet temperature is lower than a predetermined threshold; C.
calculating an amount to close at least one of the flue gas inlet and the air inlet to increase the flue gas
outlet stream temperature to be above the threshold temperature, when the measured temperature is
below the predetermined threshold; and d. closing the flue gas inlet and the air inlet by the

calculated amoyrHeviie iSRRI BITERIBRI OWHerEaMRRIaBIE! I Relaptédepredetermined threshold to
result in increased flue gas outlet stream temperature, thereby reducing acid condensation and fouling.

13.The method 8f redU&RGYEUNRY SEERIANDARBXERHRANPHARIS RSP B REURbIBTRRE S Ire is the

condensation tenperatie s Aehp@senidbie flue grses iy stesafetymaargin. 14.A method of
reducing fouling in an air preheater having an air inlet and a flue gas inlet, during periods of reduced

boiler operationComprRGHY thaldrast gpe of t%%ﬁ&%@%ﬂf&@%ﬁ&?%@ﬂé &AhEaMeYases
and air passisia iy a0 h e @alRslocity Bf dateiBiiing mdfipense peivesnéhraagrRHad velocity

and a desired velocity; c. calculating an amount to adjust at least one of a flue gas inlet opening
and an alPRASUEH EHBRG G JBGHRIBiHRRMNEO SHAEAN RSN BIIEIMERE Uekired

velocity; gad temgéraglivsting at least one of the flue gas inlet and the air inlet opening by the
calculated amount to result in adjusted outlet velocity, thereby increasing erosion of any accumulations
and fouling. 15.The method of reducing fouling of claim 14 further comprising the steps of: a.

receivinggnaximuie fhie gasedtiat siremihiemperieia; BoMRARYIRIANHERS RVYetsieampbut
temperature, and c. limiting the StgFBOf adjusting to insure that the measured flue gas outlet

stream tdRGRIAIRAANE BlRopsRINRLYRIRRY A0 g SNTTaRIV e R YR dpaRT@Ne of the Tlue gas

damper assembly or the air damper assembly based upon the received input.

7. The air preheater of claim 1, wherein the controller is further adapted to adjust
the flue gas damper assembly and the air damper assembly to reduce the amount of

acid condensation within the air preheater.

8. The air preheater of claim 1, wherein the air damper assembly comprises:

a plurality of dampers adapted to adjustably close at least a portion of the air

inlet.

9. The air preheater of claim 1, wherein the flue gas damper assembly comprises:
a plurality of dampers adapted to adjustably close at least a portion of the flue

gas inlet.

10.  The air preheater of claim 1, wherein the dampers are pivotable and are pivoted

by a drive bar attached to the dampers.

11. The air preheater of claim 10, wherein an actuator moves the drive bar to cause

the dampers to pivot.
12. A method of reducing fouling in an air preheater having an air inlet and a flue gas
inlet during periods of reduced boiler operation comprising the steps of:

a. measuring a temperature of flue gas outlet stream exiting the preheater;
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b. determining if the measured gas outlet temperature is lower than a
predetermined threshold;

C. calculating an amount to close at least one of the flue gas inlet and the
air inlet to increase the flue gas outlet stream temperature to be above the threshold
temperature, when the measured temperature is below the predetermined threshold;
and

d. closing the flue gas inlet and the air inlet by the calculated amount
when the measured gas outlet temperature is below the predetermined threshold to
result in increased flue gas outlet stream temperature, thereby reducing acid

condensation and fouling.

13. The method of reducing fouling of claim 12 wherein the predetermined
threshold temperature is the condensation temperature of an acid present in the flue

gases plus a safety margin.

14. A method of reducing fouling in an air preheater having an air inlet and a flue
gas inlet, during periods of reduced boiler operation comprising the steps of:

a. measuring velocity of at least one of the flue gases and air passing
through the preheater;

b. determining a difference between the measured velocity and a desired
velocity;
C. calculating an amount to adjust at least one of a flue gas inlet opening

and an air inlet opening to minimize the difference between the measured velocity
and the desired velocity; and

d. adjusting at least one of the flue gas inlet and the air inlet opening by
the calculated amount to result in adjusted outlet velocity, thereby increasing erosion

of any accumulations and fouling.

15. The method of reducing fouling of claim 14 further comprising the steps of:

a. receiving maximum flue gas outlet stream temperature;
b. measuring flue gas outlet stream temperature, and
C. limiting the step of adjusting to insure that the measured flue gas outlet

stream temperature is below the maximum flue gas outlet stream temperature.
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