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stationary and the flue gas and the recovery gas ducts are rotated.
heéat transfer sheets.

[0003] The heat transfer sheets are stacked in the baskets or frames. Typically, a plurality of
sheets are stacked in each basket or frame. The sheets are closely stacked in spaced
relationship within the basket or frame to define passageways between the sheets for the flow
of gases. Examples of heat transfer element sheets are provided U.S. Pat. Nos. 2,596,642;
2,940,736; 4,363,222; 4,396,058; 4,744,410; 4,553,458; 6,019,160; and 5,836,379.

[0004] Hot gas is directed through the heat exchanger to transfer heat to the sheets. As the
rotor rotates, the recovery gas stream (air side flow) is directed over the heated sheets,
thereby causing the recovery gas to be heated. In many instances, the recovery gas stream
consists of combustion air that is heated and supplied to a furnace or steam generator.
Hereinafter, the recovery gas stream shall be referred to as combustion air or air. In other
forms of rotary regenerative heat exchangers, the sheets are stationary and the flue gas and

the recovery gas ducts are rotated.
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three prig'ugfr‘akgg%%%]eugt transfer sheets. [0009] Fig. 3 is a perspective
view of a portion of three prior art heat transfer sheets shown in a
st acked BRiEH DESERIRFION OF THE DRAWINGS

[0006] The subject matter described in the description of the preferred embodiments is
particularly pointed out and distinctly claimed in the claims at the conclusion of the
specification. The foregoing and other features and advantages are apparent from the
following detailed description taken in conjunction with the accompanying drawings in
which:

[0007] Fig. 1 is a partially cut-away perspective view of a prior art rotary regenerative heat

exchanger.
[0008] Fig. 2 is a top plan view of a basket including three prior art heat transfer sheets.

[0009] Fig. 3 is a perspective view of a portion of three prior art heat transfer sheets shown in

a stacked configuration.
[0010] Fig. 4 is a side elevational view of a prior art heat transfer sheet.

[0011] Fig. 5 is a side elevational view of a heat transfer sheet according to one embodiment

of the present invention having two different surface geometries on the same sheet.



[0010] Fig. 4 is a side elevational view of a prior art heat transfer
sheet. [0011]] Fig. 5 is a side elevational view of a heat transfer
sheet accowdizog/itweopne enbodi ment of the present i nventrcarush@viormgze wo
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el evati onfhkg;,gweaionavagfn% pf the heat transfer sheet, as taken at
section VI-VI of Fig. 5. [0013] Fig. 7 is a cross-sectional elevation
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over the length of the sheet. [0017] Fig. 11 is a cross-sectional

el evat i of00ISERigo9 isca gde ¢leationd! vievotfaaothemtivattransfer shekt showéng thesaor more

transfer eets accor di i i i
rel ati ongﬁF nttsur ac(e:gg)ecgmél e&&th@?an‘i’és%%&”t Invention in stacked

[0016] Fig. 10 is a side elevational view of yet another embodiment of a heat transfer sheet

showing a surface geometry that varies continuously over the length of the sheet.

[0017] Fig. 11 is a cross-sectional elevation view of a portion of another embodiment of three

heat transfer sheets according to the present invention in stacked relationship.

[0018] Fig. 12 is a cross-sectional elevation view of a portion of another embodiment of three

heat transfer sheets in stacked relationship.

[0019] Fig. 13 is a side elevational view of a heat transfer sheet according to one embodiment

of the present invention having two different surface geometries on the same sheet.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] Referring to Fig. 1, a rotary regenerative heat exchanger, generally designated by the
reference number 10, has a rotor 12 mounted in a housing 14. The housing 14 defines a flue
gas inlet duct 20 and a flue gas outlet duct 22 for accommodating the flow of a heated flue
gas stream 36 through the heat exchanger 10. The housing 14 further defines an air inlet duct
24 and an air outlet duct 26 to accommodate the flow of combustion air38 through the heat
exchanger 10. The rotor 12 has radial partitions 16 or diaphragms defining compartments 17
therebetween for supporting baskets (frames) 40 of heat transfer sheets (also known as “heat
transfer elements”). The heat exchanger 10 is divided into an air sector and a flue gas sector
by sector plates 28, which extend across the housing 14 adjacent the upper and lower faces of

the rotor 12. While Fig. 1 depicts a single air stream 38, multiple air streams may be



[0018] Fig. 12 is a cross-sectional elevation view of a portion of
anot her enbodi nent of three heat transfer sheets in stacked
relati onshwp20{0A0h9 Fig. 13 is a side el evational viewcwofusaoibvexbre
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basket 40 will typically be filled with heat transfer sheets 42. As
al so see@o23] Kéfgring to Fige Jwmdtd, toraestionnl Iehetednsfed theats 62 atecshelvy is ¢ stekked

in spaced rel atiopshi ithin fhe basket 40 to form,pas eways 44
bet ween @Eﬁu&’i‘:%}ﬂ' Wé’é‘@ﬁy’r %‘Faé’ts%eg ﬁ?@ 34515 stgsl, pangy “bﬁ?ggﬁﬁtﬁ% av ?{erenor
flue gassfahis iddMdRWAB of HRrPARTAYENE Kovtlas “hORR:AD) dafuadulbiy duefabstsh
Figs. 1 and 2, the heated flue gas stream 36 is directed thCLough t he

gas sect &ufingd it pret yamdulaiempenka p3.1 Bhedulatiompagaks 33 feend ypyvapdandheat
transfery ¢ irft al AL Abnib BN IEbwARE Aotrufiacg, then ot at ed

about axis e alr Sector of the heat exchanger 10, where the
conbustion air 38 is directed over the heat transfer_sheets 42 and is
t her eby [#924]ebhe Heaopapierelfesisrmdpotiaelidepepluralityof lagger sibm 0@ prchdRYINE Haat
transfer_s A . i i i i ¥
neat & raReRGs! Dptge oot eirafty ShARY Sack WA ATRN Sherely BB
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undul ating surfaces 52 defined in rt..by-undul ati on 5

undul at | GPBEA 1o S0 SharipRRe BRGT ANAbal IF R SRR TS o 5P

fashi on {afigak baweerdthe hegitfatgfat Sho&ts 4).. The undulation peaks 53 defining the
undulating surfaces 52 in the prior art heat transfer sheet 42 are of all the same height. As
shown in Fig. 4, the ribs 50 extend at a predetermined angle (e.g. 0 degrees) relative to the

flow of air or flue gas through the rotor (12 of Fig. 1).

[0025] The undulation peaks 53 defining the undulating surfaces 52 in the prior art are
arranged at the same angle A, relative to the ribs and, thus, the same angle relative to the flow
of air or flue gas indicated by the arrows marked “Air Flow”. The undulating surfaces 52 act,
among other things, to increase turbulence in the air or flue gas flowing through the

passageways (44 of Fig. 2) and thereby disrupt the thermal boundary layer at the surface of
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[ 0024] The heat transfer sheets 42 also include a plurality of I|arger
ribs 50 each having rib peaks 51 that are positioned at generally
equal | y spmoedioiixdoer val s and operate to naintain spaC| r]’g:Thstzmmvom

AT RO R T MO

accomDdidiRednliRe hdabibaridfer 3hdet A2 ahd e agasfikegageen t he heat transfer
sheets 42. The undul ati on peaks 53 defining the undul ating surfaces

52 in the prior art heat ransfe sheet 4 e sane
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t he adj aggs{:éz heat transfer sheets 60 when the sheets 60 are stacked
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i nvention does so without the need for joints or wel ds bet ween




WO 2010/ 129092PCT/ US2010/ 027076 [0031] It is also contenpl ated t hat
the sheet spacing features 59 nmay be of other shapes to effect the
desired sp)aoizolg/lmnz/veen sheets 60 and form fl ow passagesT@b2theremn

t he adj nsf.er .sheets 60. [0032 11
and 12 100 FESAse pRERURed PR Shh s T o ey MY R e o
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substantially tgaral el to, and spaced equally with, ribs 62 of an

adj acenthepideansier d18ef6 60- sheet, upon which the ribs 62 of the adjacent
heat transfer sheet rest. Li ke the ribs 62, the flat regions 88

ext end 3@6@1} ARtk ol iR FRRYL ILNR 19Nk 'h@at |tﬁﬁ§&xfhhbet@b nid8ndigRishédt apingr

sheet 6 For exanple, as shown in ng 1, the sheet 60 may i ncl ude
al t er natfeatgres fdin tb@foam@fﬂqrmtudxe@lymxse 31 flaiceions 8% thabe sypstantially

o Lo g ol BP0 R o nEAREB RSB S e
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heat transfer eet 0 includes ] oStill referrin
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sheet' s Fﬁgl 1N9tht SRHEESayp theRIdB aRQHATR! ribd Bd tah@ﬂatﬁeglﬁws‘@wfch@&t amthe70.
Each undul'ati ng surface 68 extends substantially Ear all el

ot her urﬂ@munmrgbwrmé@eéres@nbéﬁ Newyndjaeentshess 0. sﬁ angtyyele at 53108@ i Big.
[ 0034] d
by 1 obest2 idBrE atsCstsr o Ry B0 W L Bhdit)y SH{GhARE ekt R, 4R
defi nes thﬂothafheatarddsf‘shﬂmetcﬁmhdndmlallmbs|6g respective peaks 74, 74',
and each | obe 72, 72' extends along the heat transfer sheet 60 in a

di ti fi. | th f

R A T e A M T L O e
Hui . [ O(bﬁﬁdmg%ﬁﬁfers i50 grers@ver‘alanﬁukgﬁng Surfanes 68,andd0h Emidmdalatmgsm‘fapé eke
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bt ween o pbsans eriryeta de he wBatmEngdirtnten P bR B Pt 558

i ncl udespQpR@Rs kebe (undul ation or corrugation) 76 projecting in an

opposite direction from another |obe (undulation or corrugation) 76'.

Each | obe 76, 76' defines in part a. channel i res tlve
peaks 7e0034'As inhovaakig. éb@cgend%mgékffé%ﬁ léﬂga dgﬁéobﬁ% dylpons P,

sheet 60, g%wqg)r?%%i’o @aa?;ob@ o8l b 9&%65 Keperd éjg%ﬁaﬁéﬁ ch&rﬁep&@fﬁ% rdspectitd’

as shown of the undul ati ng surfaces
peak-t o- mebskﬂh@ gimtd qafh kiba 72, T20eREhdspheng)t t trgnsfey zheebéo M!eateqmg

surfaces 1e di ft e I latif
undul at i 5§ ‘F%i tﬂg%% Som‘? Rgf[rf‘téé’gggt ?%ﬁotkl%gn% egt g@%ﬁ%ﬁ@g egtlué es
59, as idehente tadypakgd-psaktieighdl,A02, respectively. WO

2010/ 129092PCT/ 11S2010/ 027076

[0035] Referring now to Figs. 5 and 7, each undulating surface 70 extends substantially

parallel to the other undulating surfaces 70 between the sheet spacing features 59. Each
undulating surface 70 includes one lobe (undulation or corrugation) 76 projecting in an
opposite direction from another lobe (undulation or corrugation) 76°. Each lobe 76, 76’
defines in part a channel 61 having respective peaks 78, 78’, and each lobe 76, 76’ extends
along the heat transfer sheet 60 in a direction defined along the ridges of its peaks 74, 74" as
shown in Fig. 6. Each of the undulating surfaces 70 has a peak-to-peak height of Hu,.

[0036] The lobes 72, 72° of undulating surfaces 68 extend at different angles than the lobes
76, 76’ of undulating surfaces 70, with respect to the sheet spacing features 59, as indicated

by angles Ay and Ay, respectively.
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[0037] The sheet spacing features 59 are generally parallel to the
main flow direction of the air or flue gas across the heat transfer
sheet 60. we20m®/13%0wn in Fig. 5 the channels of the umdqrhgrmm/gnm(,
surfaces 68 extend substanti al Iql par al | el he diregec

of. the
sheet splE3 g heahtal srasingdeatiiy>9 #s St areaetist Ok lreﬁaon of the
surfaces,/Q iﬁfeegaggc%%q}lé Rbat Q&s&@%eﬂed e&; #5QRoVAP inUE W, &l RMRRf the 8.
As is shown, u, 1s zero degrees, then Au2 in tRi s enbodi ment is
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undul at i sur.f,ac 5 ent
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undul at | QghveiichAdRs tBfsef sHebd 42 a1 eaBsh ﬁ'tlga safhk afBl, RE raathees ad abpasad
on factors such as heat transfer fluid flow desired heat transfer,

| ocat i onsheét spaing fsataregidBr e sul furic acid, condensabl e conmpounds, and
particulate matter coIIect on the heat transfer surface, and desired
soot bl o tiRa
ol ean noRViT TR bl Blolhs e ARELAG Rl CHERRCETN BB Indiffthd
air or sﬂlemnﬁmmmgd)mpdssnspamdagamts(dﬁhngfesﬁg 2, 61 of Figs. 6, 7,
11, 12) between the stacked el enents to disl odge particul ate dep03| ts

fromthe e trapsfer s f
deposi ts[@@tﬁﬁqﬂgﬂ? Q‘r ?aﬁt% Zauﬁéé'fr?atcr%igs fgﬁg ggu@fl& plg g)emg}%@s\éi% tef
oper at i Obased én fiBrvaclgsheatipdrsiet Auidleflong deditkd heatangfer lcs:manmf tlsuohe
that all or algﬁrtl on of the deposit is. located on th(?][esecé*‘on of the

heat tr aWB¢resullpisaridy sppdenseble Gpraponnds. anf parfisylatemattes ¢ ¢h%ti on

of the fl marekurdicE, &E dgshi'éﬁ s8@BloWRF SinettatioRgor QéMingd fSobitsloRed have been
exchanger (36, 38 1). Preferabl however, Li may be |ess

t han oneusefita deanfhe@ma ¢ pheets| éFh@pldehveé%’blaﬁ@mewW@f step@dhropgh
and nore,pr ry
e
undul at i peguaﬂuté deyesikifrdm tlﬁb&uﬁhmfﬁxaatbmhdm she¢towl o hidtim thetreraoval p%dwb%ts

1 a0k o A L L G RANGE ORS00

rigid topyw dibGh@ndch et f1drl a ﬁo@tﬂﬁﬁ)f@ﬁe dupedieis lotgted ondie sectits, ofmcﬂeum ng
cl eaning with a soot bl ower for the heat t{&ﬁleer shee

[ 0040] THensfes ﬁ@qeh@ab‘é§Q,l?sra§€%ilm@eb‘i°éh%ﬁﬁ‘f“f’%? wiof 2ii0y u‘i)%ﬁspos es.
It isto ?‘E!e% Nefle,, vk ibet y
of | engt Wp&gﬁ engt Fg‘?@tgééﬂaﬁ%w%?g}ogglgegéPCT/ US%%%VOZ?O?G 0041]
| n gener kbs thathenekthyth of the isatirg i¢niztiy L obthe beat tiapsferrrbieqt §8) andimpre prsfgahly 1
(and L2,, B%mr? &%ulloﬁrtﬁ) & th ent én@’dfﬂ BELE ﬁéa@ Hlider sﬁl&e? 80. ThE ptRMRE ot he
gas outI e erature rom e alr preheater, l'onger "LI (and L2,
L3) s houktdﬁhmtfanroummf |urrdutaqngsi.1tfa¢ea]ﬁ)da def@@ﬂ@}bum 8owiofi thedgali tmnsfgl‘ fluid

Figs. 6 an it 0 ted that . Hui

A Sor nat PEeybat kst A5V Rod s deds o fRling By g b Rhe sutce

than 1- 140 1s@6ﬂstﬁ@feb td e il rai®tol veisisstanb @ foll ranlgs of Opﬁrattﬁlgtconcﬁﬁons

shown in hg ,l t he undul ati ng surfaces 52 in conventional heat
Bgs

t r ansf er ing egping méthA sooplovien iet.faribe heat ganster He%®)- cFD model i ng by
the inventors has shown that the enbodinent of Fig. 5 allows for

mai ntai n[_) g()]hl‘lgﬂgﬁgtﬂsedeg&iﬂeﬂ h@t%@r&ﬂ?ﬁ?dr@lh@s&@ﬁ\&yplﬁ’@séﬂ"% RO bOleRkoo et
to a dee | ocation wthin oW passage 6 and 7), which
is expectlmdthemvmtm enoorhprsesa mueaariqmgoflpmhmndm%rm%m ment of Fig.
5is believed to allow for better cleaning by a soot blower jet, or
potentially cleaning a stickier deposit on the heat transfer surface
since the undul ating surfaces 68 are better aligned with a jet



[ 0045] Furthernore, when the configuration of the undul ating surface
68 provides a better line-of sight between the heat transfer sheets
60, the hemb20mwameprer sheet as descri bed herei n becomescimiksen10/027076
conpatible wth an infrared radiation (hg}tG spot) detector. [0Q46]  The

enbodi mel¥4Brineereralsthg higherthe gulfu genters i &féﬁb? Jomesrly (et oy ip)ishuld
during sgofr BhWim extf&ﬁaﬁce bfllsg SRE TRer tie! Sgg§ b@let {éﬂlé)gfatﬁrg?r hedt air

transfer sheets Is un esirable as It causes excessive de ormatlon of
t he sheeprsheagsiriibe longgrdugasl hbyhshauldbafor aptanws tpedamiance. her and,

t hereby, reduce the useful life of the sheets. Since the undulating
surfaces ife oot
o1 oner ;PP AR EHERLAN] b, b OBt ollebBslcatnli Pt 87 byt
soot bl ow&hem&ttvelys lerwd éiruymdy tlidfea @reaﬁmple,déptﬂay akb dnsgthah &l,{, landbath &ignel
(61 of F |s resul t ei ng .avaid abl e
for r erm Prea}?ﬁé “&29685 P coHresthas ’"ﬁ’@&’f‘ 1 ‘§n‘%’f ‘&%é "[“6%)%7‘]“ Fi g.
8 shows @iﬂ@édﬂﬁhal%m%@ﬁmheék& 42 aRefilof tHeamE ﬁélgﬁtheet 160 that

i ncorporates three surface geonetries. In a manner simlar to heat
transfer sheet 60, heat transfer sheet 160 has a_series of

spaci ng OB&HUGD modeling by dhesiavaniars hasshewn fgt the embreinicahef Higd aﬁ@w for
and subsf,a {airﬂﬁgély RANRIoL#Y addkiddi® eHirb$6F fh 9@0(91310%9% foQWeBfer id¥GHM I OF

|
flue gas Iqrou 1F"le rotor of a heat exc anger
2010/ 129@9@@@6%3@&@(@ DETTB. ¢ aglB] whishis expentest terleaglie better Barihg o
i ncl udes undul ating surfaces 68 and 70, with undul ati ng surfaces 68

neat tr ey, EkaBlth SRS, £ pRdEa R BRftoPoodeEb it 67 BRoor R b0 °

undul at i orgosutiklcedsanGfy sestickindddposit dretht hes tranhferesutfammoe pireesenkasog by

angl e AO r Iat ve to t S f eat ure zero
since s 5&&?%@%&%&?&’“@91 tg‘r chedy Wé‘TdslﬂE?le?iﬁ’égsé_‘gﬁ%O%B%@ o8 ot
undul at i 3@ g fGERatiod 0P 06t Blowé @ta‘&ﬂ%(lﬁéjﬂ&v paRides (61 Hed. 6] BL | ve

to the sheet spacing features 59. [0049] The present invention is not

limted in this regard, however, as t ul ati surfaces 68 at the
traili ng[OQ‘bé]é: ugihergore fvhed Hhseon B guratgn ‘EL P Hn%ﬁ‘%fa@? é%PTc\)'ldW Bhfthe

undul at i g FUfhAcaFeSBhahed Hﬁnéf&%ﬂée?sgsoe %%e&Qraan@fesﬁa@ﬂ Ak seriBéd hdiein
undul ati ng surfaces 68 my also be varied relative to the heights of
t he undubesememesrchapatibly oith po infexesdrpdiations(heisprdfdetepier.| engt h L3 of
the undul ati ng surfaces 68 at the trailing edge 90 and the |length L2
of the

one- hal 19[@ gﬂlaﬁﬂe% eb%HIt eﬁfgg};lgi% hIZrB eals h%l fegﬁ{gg gsrc‘ég&gle&qo h.ﬁtt‘%?r(r%%?g% gbl;e:ﬂy
it is | edewingdestso riegcnﬂraldﬂmrmgef @nheat grapsforshedteishiodesinblg as it sruseheet

60. The h r | e,
wher e soé‘t V%\i'\l/egﬁzr%%;oé’ 2?‘?%%% p?"[s { g ?nest%he ea%I g%a%g; ? rail ?I%
edges 8Ghasbly, 2éiuct hemsdfulllife ofithatshéetsanSihes the hﬂ@.ﬂatﬂfg stuifecep 68 arent

i nvention ud nber of.  di ff ent onetr.ies
al ong t Hwbst %‘ﬁl‘j‘b Egnegggﬁytp? “BH‘%Q 6‘@3%% °f36’F Jeiféﬁ%F%V)gﬁ%F clogity#d; ct s
a heat tiadRfaergs ek sa&elowgajet ispRRERed & Lfredthy RBthdilégahe Abwshiinalqe!

geonetries. In a manner sim lar to heat transfer sheets 60 and 160,
heat tr aefdfigs 6 anber Théurepulisiinmore ameybeingavaifaglerfontemoyal ofghedepesitaied
i nterval ?A‘Qns?étsﬁ Jongitudinally and parallel to the direction
of the flow of & f or flue gas through the rotor of a heat exchanger
and defining fl ow passages 61 between adjacent sheets 260. [0051
Heat tr &[084HFigebows 6pthdrsmbodinientiefs: headeanafer ﬁge%m()fth@ie@wa@ratm fad

71 with t f 68 h
71 L SV S5 B8 e N ORALES 0, LERUARACAS 89
directi Cbﬂseh@@dsme&‘ltspﬁh@&‘eﬂﬂ@h 69 Adpadgddntaivhithdt extehdlonpinetinadlyaad ng

Sur 1 acosbginfeleirelete die ARG kel B s ARgte SBoREl e okl

heat exchanger.




WD 2010/ 129092PCT/ US2010/ 027076 [0052] As is shown, undul ating
surfaces 70 and 71 alternate along the heat transfer sheet 260,
t her eby prwoizdionmohx)r i ncreased turbul ence of the heat Hcrrarssdle/ozmvwi d

as it fI he turbule cones. in con act 'th he

Sheets 2BNISIHCE opiigahea dFp B0 BRI aRA co e dl sk pERR G
transfer surf’é@@s B¥elrlg lf)&é?é’&(ﬂi&ﬁh§fé'a&i%§ el S@e?ﬁdtali‘xﬁllf ‘L%Qﬂgé@) b1t tHé HeaBBehsfer
provides a nmore uniform flow tenperature. [0053] This turbulence is

bel i evedshegt @hAwdeshoma ih&Figs. ¢-8aths fabes ?%Qfemdﬁlatm&suh%ms 63reztend é the first
sheets 6 he 079) e i
Sront £ oraibil e SRR AR o BB achlaPuraldl b CHERUR [efh

Ref er r i ngintecshbétgpacify, featuieap it pmailef ®erlolsh et L&ﬁa@ 76rod50n¢nbatmgesrfaaces 70
conti nuously, varyin rface, geagnetry along a rality. of | obes 376.
o R g P p SR BT LB s e fire 0. %00 ot

transfer sheet 360 includes sheet spacing features 59 at spaced

i nterval pow tie ;ﬁassreﬁmvérfmﬁ lid xwﬂ lifaded Yh mdeg@btt} %bﬁ@\'ielr aés|tNe @ﬂﬁ&hhgburfaees
the direction of the flow of the air or flue %gst h the rotor of

a heat eﬁ%#éh@éml%%ﬂgeé’f).q’ﬁﬂwhﬁqté%nﬁaévﬁa@@%d%1 Wnﬁiéfrp padidatings 61
of Figs. b étgkdas?at u&q&mo%@s@(:?ﬂé héglﬁ%ﬁhémuxa&lgg?&kac& %@ﬁﬁﬁ@g@s

(simlar to tl ow passages are created
bet ween var@ds«tietete tg p%a:dner@ta‘ dathwreblaﬁgg sithees 100 Fes emaﬂ@fa stifpeof the length

undul at i rface 368. .The 6 bec I th
fespect et ERTPE SRR es RARE o ie 2650 E PRISRR EROPL A IR filnd"
sheet 36511rfab&r’6|8ltdﬁ ¢hel 1&aﬁhg”tgigg dgés 184 than dnbalfibfithle |1engt1$n geth8 Beat thansfer
construction allows a sqQot ower epetrate fromt

edge 80 #°GrWatariogply Hiless th%rborteﬁélré P%tﬁﬁ e i@z@eﬁa@mﬁgr 8}%&% fhe
prior arhe Ao Sheck PEPOIFiE Saf6S1QD, Bt mhe&%o&rw&wg atd@aboted at
transfer and fluid turbul ence near the trai |ng edge 90. The

pr ogr essbatk therleadingpndftrailing edgenfland@g. sur f aces 368 avoi ds the need
for a sharp transition to undulating surfaces of a different angle,
while st Ld()gO]EFl{erﬂeE{ trddgfel Bifee Qﬂ Exgééﬁglﬁbﬁtfoﬁ ihQudtCang WBBBAIS drdreed

with as ower jet to e eeper netratlon and better
cl eani ngsurfﬁhegmegmsalm thehbngth@ﬁ b@hlﬂwg/ mssagaébsF@@Samply, B sbddpicts a

varied alon Loftheh Fan 1 L.005 7
Fraure 1260 Hutal shl A0 mas BrorbOied e LRER Sl ESherRe it
same nu?ﬁﬁl&ﬁg&gﬁ ttdnefesmfl sfo0rad 160) heast uamehmseo irbhdesi sheélispacingg and
7.Int|se i ment at p i ons. 88 neet u it aks 66 and.66'
creat | ngAMASOE 2 FRaged W@%\é{ﬁwﬁamlﬁnwpﬁwa%%@%% ‘E‘ﬁ tpadar e
and ri ghfowiod&s oPlucaB el e%&&%meambwl%r ahll ﬁ&‘ﬁrﬂﬂ% ?ﬁssﬁ & 61
referred to as a 'cl osed channel'. WO 2010/ 129092PCT/ US2010/ 027076

[ 0058] Fbgween apjacemihiecta?@ her al ternative enbodi ment of the present
invention in which parts with the same nunbers have the sane function

as those mbgf]cmé%%qngf& sw& 280 §Mb Heéfudbd SiuBBing IlfSes® 00 bie Mt withf f ers
fromFig. 11 in heet spacing features 59 are onl y included on

t he cent endulpsing smfa;;nsﬁ&bmgg]@g@ted on a leading edge 80. As is shown, the lobes 72 of
undulating surfaces 68 extend in a first direction represented by angle A, (parallel to the

sheet spacing features 59, as is shown, for example). The lobes 76 of undulating surfaces 70
extend across the heat transfer sheet 260 in a second direction at angle A relative to the
sheet spacing features 59, and the lobes 73 of undulating surfaces 71 extend across the heat
transfer sheet 260 in a third direction at angle A,; relative to the sheet spacing features 59,
which is different from A,z and A,;. For example, A,3 may be the negative (reflected) angle
of Ay, relative to the sheet spacing features 59. As with other embodiments disclosed herein,

the heights Hy,; and Hy; of undulating surfaces 68, 70, and 71 may be varied.
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[0059] Fig. 13 is a top plan view of a heat transfer sheet show ng
anot her arrangenent of two different surface geonetries on the sane
sheet. Parwe otitpobhe sane reference nunbers as that ofectrhs2qoerdbmus

figures ormthe sane functipon. Thi odinment js simlar to t
of o BOSIA sk ina sor e J0and 7ERbRe it b ha deutieshl g6l
have pealgrebP prodikidd @k iRF@s@NEIRRnE O IARPRSE frshsfl HRfds @fowdl tiihe " €Spect
to sheet spacing features 59. Undul ation peaks 78 nake an angle Au2
wi t h respeltence cehesdn cepadivith the heat trersf@ sheetsr260ifort 4 longes eatiesd Ftineind
an angl e 'ﬁ's?‘elmah&s'hga%?ﬁﬁ&fel{ Ol“h%@%ﬁfr@ 1303 Qgrvgsetgtrrﬂg( G tﬁo%vi %Hglg%d P‘ogideg‘?’
is used for purposes of rTlustration, Rowever, Tt shou e note

t hat t hea mowawniifoan floomemperany ot her enbodi nents that have adj acent
undul ated sections parallel |obes each oriented with the angl es of
their lo i d.oppos, t.e ch .ot her,. 61]. Wil e .the inventio
has. been WSYCFHiBBEPUIER S st rels oo Pooebap argrtan o af Mgy FHFEs jnpfl
be under 60 @QH aMinintad ERreakd inlpRsksird didpewaild cdubiag a vighifiotts itdieR@Rstheray be
made and equival ents may be substituted for elenents thereof w thout

depar t i ngPYb AT ford heat gastesred: he i nvention. In addition, many

nodi fications will be appreciated by those skilled in the art to
adapt a pasd) Rétb@ihg kBl HiTRMNeat (FinsidALHOB 60 inddRJoRltds?H cohBniduSly v@AGY Ngs
of the invention wthout depqrtl % fromthe essentjial scope thereof.
Ther ef or srface giometmytabongacdplurhlity of habes 3ite Tniasranpestsimidar|te heat transifes shogts
parti cul I | . I or
carryi ngg%ul? H’%ﬁ?lsz @@%&a&ﬂhﬁ%ﬁ?ﬁ%&ﬁ% ﬁ}é{ﬁ%egye%tn%%? ¥ ge%&%mgsﬁé a?%‘%lgﬁcge al |
enbodi neitevdlawhich gxtend longitudineally aod subsfantidily pamblelntd ¢tk diteatiorsof thelew bB

VWhat is glajmed is: 1. heat transfer.sheet [60,. 160, 260, 36 for
ot ar y e QR At s irohgihe aon et Sichice <ERung Aot iBnekes b
160, 260f0Wf8skadta il BOFigs. 6 and B bBhweERhdjhdénOhed@§86S. Spacing features

[ 59] extending along the heat transfer sheet [60, 160, 260, 360]

substantially parallel to a direction of g flow, th heet spaci ng
f eat ur es 4059 Flawmnstrers (sioplar tor i passages %9&%3&% éa'gé 1 5ad hDee Serated

adj acent pdQigadn thé eef Phciny EBturéSHD unlB0obedB96 oBBELind@itthg surface 3. The

pl ural i tébof undul ating surfaces [68,70] disposed between each pair
of adj ackohes ¥ledeeospineicagingls angledwith 5pect fribe phegh wasing fegtures @ avat thag
surfaces Tl i hRQ: . i .at | r .

f or med b%fll& g%‘eog]ﬂz%&?%p Zﬁ’gﬁ tr%lge 1%@3%935%%@ ngétj&??ﬁa%‘g%&%'s frl;g{é? o{s@é&wn
160, 260alld36Q)]soptehlavirgét tb pesiate fodr ére, leaivgs edge 80 a greater distance into the flow

passages as compared with prior art designs.

[0056] This design also exhibits greater heat transfer and fluid turbulence near the trailing
edge 90. The progressive angling of the undulating surfaces 368 avoids the need for a sharp
transition to undulating surfaces of a different angle, while still permitting the undulating
surfaces to be somewhat aligned with a soot blower jet to effect deeper jet penetration and
better cleaning. The heights of the undulating surfaces 368 may also be varied along the

length L of the heat transfer sheet 360.

[0057] Figure 11 shows an alternative embodiment in which parts with the same numbers
have the same function as those described in Figs. 6 and 7. In this embodiment, flat portions
88 meet up with peaks 66 and 66° creating a more effective seal between flow passages 61 on
the left and right sides of each sheet spacing feature. Flow passages are referred to as a

‘closed channel’.
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a second undul ating surface [70] fornmed by | obes [76] extending al ong
the heat transfer sheet [60, 160, 260, 360] parallel to each other at
ahf| rst angbgomahmi ve to the sheet spacing features [%lrmszolo/ozm%
characteri zed by the | qbes [72 i rst dul ating ..

U f ace (9BE§] Telhg? shamsapaiier §eprae fobdiuplof s Wessiruufpn gfhaicn,
The heat 1 {3R&I iR saﬂﬁ%ﬂe@%av&ﬁ@saxﬁ@@mcﬁf&pﬂs tRdse GbsdtiBedlin tyQEALES T 1St

undul at i on surface [68] is connected to the second undul ati on surface
[ 70] andfigures. fihinenphadinage differs fred Figy 11 irethatshiest apacing feafrreasare[oly, 70]

are fluidical ontin Qu gned 3. The heat transfer sheet
[60, 160" nc@@%!yrﬁtgﬁfen&r%g faﬁ?rgr& \%herein the first undulating surface
[68] is |ocated proximate an edge of the heat transfer sheet [80].

4. The hpas9]tFignsfiea tcfphﬂm vifw®0h hedt tmhefenrshst shivang anpthdy errpriggmant thWQ)f

dul at f furth
L
sheet [ 1&% mmhd BlurépeeReh 1R fAfle farmﬁoh OThib embbideentsip siarilagtofteabiiFigs

[ 59], the third undul ating surface beln | ocat ed i, mat
opposi t e5-ekdhis pobpdigent h@a%éﬁnwaé‘ﬁgﬁ acﬁf’nEQe T@oaealfsrﬁ%gfﬂ@n&f??%@ed

undul at | ﬂl%pﬁb'srnfe %ﬁ@ﬁ[oﬁ? 1>%th res?e;%-w ?he@@ﬁ%mh% BARERT59S Iﬂﬁ"x@ﬁla{l&ﬁ&hkm 8 bl M

1, where ormng the first undul ating surface
[ 68] eacim mwe'k@mlihpp@actptealh@et $baping Miehtured W indplatin peuks B1 make an angle

Ay with respect to sheet spacing features 59.

[0060] Fig. 13 is used for purposes of illustration, however, it should be noted that the
invention covers many other embodiments that have adjacent undulated sections parallel

lobes each oriented with the angles of their lobes aligned opposite each other.

[0061] While the invention has been described with reference to exemplary embodiments, it
will be understood by those skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications will be appreciated by those skilled in the art to
adapt a particular instrument, situation or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, it is intended that the invention not be
limited to the particular embodiment disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all embodiments falling within the scope

of the appended claims.
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the | obes [76] form ng the second undul ating surface [70] each have

an upper peak [78] and a | ower peak [781, an average di stance
bet ween the peaks [78,78"] of the first undul ating surface [70]
- substantially differs froman average di stance between the peaks

[ 74, 74' FLéMShe second undul ating surface [68]. 6. The heat transfer
sheet [60, 160, 260, 360] of claim1, wherein the sheet spacing
features include at |east one of: ribs [62] and flat portions [88].
7. A hedhat isauddfed issheet [60] for a rotary regenerative heat
exchanger [10], the heat transfer sheet [60] having: a first
sheet spacing feature [59] extending along the heat transfer sheet
[60] substamti alA Yiedpasmfer a{eeft[eoaédl%ecjso}mr Dlota@pregblepitive hdae first

sheet spacing,f eat rst O[tl on of a flow passage
[61] bet meeﬁg:gﬁ"géﬁﬁﬁg‘é‘% ?CF &Hs*ﬁgr{égh@& V8] ; a second
sheet spacing f eagliarty bﬁ&ket@}(édﬂ%ﬂlﬂeﬂswtehﬂlﬁg El@ﬁé tht hew&4Rfer Sheet

[ 60] substa @JA) ]é&%’ first sheet spacing feature [59],
“the second 6@36ﬁg36? e m'([?’s@f“"(ﬂ‘etf’laﬁf‘\afé‘%"g% W e fheron of
the flow pas},&a@@fe[aﬁzlds [59] defininga pdrfici of'd MEk padshgebetibich 8 RljdcéRhesli Sposed
on the heat tr nsfer]ﬁggﬁgt é’f 61:}} between the first and second sheet

spaci ng f eaf'8sE shegd] A a third portion of the flow

passage, the flrasﬂiuxunglufﬂtmmﬁn§yﬁffa@é§%s[7 dis éd&t&&ﬂ@‘s‘&lp@ﬁldobes 1761
ext endi ng aléq?@% the heat trans

er s arall el to each ot her
at a first Bt speqt spacip featyrasedls the Elt"ah'ﬂ&f?eg‘&‘fﬂg shfees [(GHHEi ng

features [ S58kluding: a second undul ating surface [68] di sposed on the

heat transfer sh t 0] bet irst and second sheet spacing
features [59] ar19dfe Pting sy 4063@{1 E‘“ﬁ’é‘? by lgbesdi4lientending,glongdheshegt, t he

second undutradstenghesif66,a66, 25683]60%4111@“5@50%%@% obes [72] extending
al ong the heat transfer uiheet arallel to each ofher

charact eri zed by?second undylgling sysface bf)?@}m‘“&f byilpkes £14d S’Hﬂ“‘%ﬂd&ﬂ“&l‘hﬁng
surface [ 68hcab@idifr BREtTb,260,1260,380] fatdlislito 8M2f oBBERATirS REAL reBRACHNY
features | 5%]
thie sheet spacing features [59]
’ characterized by: }
the lobes [72] of the first undulating surface [68] being parallel to the sheet

spacing features {59].

2. The heat transfer sheet [60, 160, 260, 360] of claim 1, wherein first undulation
surface [68] is connected to the second undulation surface [70] and the flow passages

formed by the undulation surfaces [68,70] are fluidically continuous and aligned.

3. The heat transfer sheet [60, 160, 260, 360] of claim 2, wherein the first

undulating surface [68]A is located proximate an edge of the heat transfer sheet [80].

4. The heat transfer sheet [160] of claim 2, wherein the plurality of undulating
surfaces [68,70] further include:

* athird undulating surface [68] formed by lobes [72] extending along the heat
transfer sheet [160] parallel to each other and to the sheet spacing features [59), the
third undulating surface [68] being located proximate an opposite edge [90] of the
heat transfer sheet [160] from the first undulating surface [68].
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8. The heat transfer sheet [60] of claim7, wherein the second

undul ating surface [68] is |ocated proximate an edge [80] of the heat
transfer sheet [60]. 9. The heat transfer sheet [160] of claim?7,
wherein the heat transfer sheet [160] further conprises: a
third undul ating surface [68] disposed on the heat transfer sheet

[ 160] betwe the first and se heet spacing features (59] and
‘defining a ﬁpfthﬁbeo*}eﬁ s fShFﬁqu%f%f\%lﬁb‘ﬁés‘é{’g"é?mt he third undul ati ng

surface [68] bei thgidbes [rRpifobnting elaeisst htRlatigxphek [3g) ik at
transfer Sh%%etlk Q@G% Par al Iaglét,o each oatlﬁée(r andm?]o tlﬁﬁehg?lsﬁpgﬁnd
second sheet™SJa8iRY2{ W a7%d74'59], the third undul ating surface [68]
bei ng | ocated prxidbes F6pfarmiag 0s sdcn@a@blali e 141 raphsf er
sheet [ 160] fr(ﬁ%th econd g%(jul at?ng sarl?gg%"e [e(%?, a%ﬁﬁ&etﬁ‘e I rst
undul ati ng LEHLAEAEM 931“"3”83* bed between the second and t hi rd
undul ating surf amesefag8yistance betwediiBe faRd [ﬁ&?@?&ﬁﬁé ﬁl§hﬁ,@?m§;{g SGledlem 7,

e p

where the h transfer,. gheet includes t urality of alternating
first undul i?nlt] ﬁ‘bbStg{‘}fafﬂlX(flg’g"ig%T“hﬁa"a&e fistancs betenghe pasky [7h74ihefubat i ng
surfaces [ 7Gdorbwdulativg sigfage(68yl | el | obes [76, 76'] orientated at
different angles fromeach other. 11. The heat transfer sheet
[ 60, 160, 260] of claim 7, wherein a peak-to-peak height of the | obes
[ 76,76 ] f 0B nlHelhearftiansttr e [802t601Z505960 8 faids A0Kdasin Hfshe ent than
a peakt o- peak .he'tgpt of 1t(pe lIo es ‘1%'72’ 721 form ng the second :
undul ating SHFPRLBYfEaqciudepblea aibs [62) apdfiag porionsd88lof cl ai m 7,
wherein each of the first and second sheet spacing features [59]
i ncludes at |east one of: ribs [62] and flat portions [88]. 13. The
heat transfer skedwnt fapsfen dect G forairotatyasgenezativeient excharigad 1 Gjhaet
spacing fe r i ng:ﬁ flat portions [88] to create cl osed
channel flI ?j,”‘ﬁ%iﬁé‘%ﬁ%‘j‘ [&ﬁh o

a first sheet spacing feature [59] extending along the heat transfer sheet [60]

substantially parallel to a direction of gas flow, the first shect spacing feature [59]

defining a first portion of a flow passage [61] between an adjacent heat transfer sheet

[60];

a second sheet spacing feature [59] extending along the heat transfer sheet [60]
substantially parallel to the first sheet spacing feature [59], the second sheet spacing
feature [59] defining a second portion of the flow passage [611;

a first undulating surface [70] disposed on the heat transfer sheet [60] between
the first and second sheet spacing features [59} and defining a third portion of the
flow passage, the first undulating surface [70] being formed by lobes |76] extending

- along the heat transfer sheet [60] parallel to each other at a first angle relative to the
first and second shéet spacing features [59];

a second undulating surface [68] disposed on the heat transfer sheet [60]
between the first and second sheet spacing features [59] and defining a fourth portion
of the flow passage, the second undulating surface [68] being formed by lobes [72]
extending along the heat transfer sheet [60] parallel to each 6ther characterized by:

the lobes [72] of the second undulating surface [68] being parallel to the first
and second sheet spacing features [59].
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8.

The heat transfer sheet [60] of claim 7, wherein the second undulating surface

[68] is located proximate an edge [80] of the heat transfer sheet [60].

9.

The heat transfer sheet [160] of claim 7, wherein the heat transfer sheet [160]

further comprises:

a third undulating surface [68] disposed on the heat transfer sheet (160]

between the first and second sheet spacing features {59] and defining a fifth portion of

the flow passage, the third undulating surface [68] being formed by lobes [72]

extending along the heat transfer sheet [160] parallel to each other and to the first and

second sheet spacing features [59], the third undulating surface [68] being located

proximate an opposite edge [90] of the heat transfcr sheet [160] from the second

undulating surface [68], and the first undulating surface [70] is located between the

second and third undulating surfaces [68].

10.

The heat transfer sheet of claim 7, where the heat transfer sheet includes the

plurality of alternating first undulating surfaces [70] and a plurality of fourth undulating

surfaces [70’], each having parallel lobes [76, 76’] orientated at different angles from

each other.

11.

The heat transfer sheet [60,160,260] of claim 7, wherein a peak-to-peak height

of the lobes [76,76’] forming the first undulating surface [70] is different than a peak-

to-peak height of the lobes [72,72’] forming the second undulating surface [68].

12.

The heat transfer sheet of claim 7, wherein each of the first and second sheet

spacing features [59] includes at least one of: ribs [62] and flat portions [88].

13.

The heat transfer sheet [60,160,260] of claim 7, wherein the sheet spacing

~ features [59] includes flat portions [88] to create closed channel flow passages.
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