HEAT TRANSFER SHEET FOR ROTARY REGENERATI VE HEAT EXCHANGER TECHNI CAL FI ELD
[ 0001] The devi ces described herein relate to heat transfer sheets of the
t ype foumwoizniob@ey regenerative heat exchangers. BACKEROwWNRv1p00®2¢§ Rot ary

regenerative heat exch I YA ver heat fromflue
gases exiting a fur nacﬂg{@ﬁf‘@éﬁmu“fﬁm@&;@i reat ment equi pnent.
Conventional rotary regECRNREATRAA: ERAPENCHANG@ER a rotor nounted in a
housi ng that defines a flue gas inlet duct and a flue gas outlet duct for
the flow of heated flue gases through the heat exchanger. The housing
further ' er set of inlet ducts and outlet ducts for the flow of
gas strggﬁg&\ﬁﬁg&%i‘b ve the recovered heat energy. The rotor has radi al
partitions or diaphragns defining conpartnents therebetween for supporting
basket s[0aD1]f TRO®Sided dBRriBed Bareint reRRSoHeatSiRR R shde®ISi3he tipe fh\adlin kataryst er
sheets are stacked in the baskets or franes. Typically, a plurality of
sheet s Kgencsatiueleat axghangers- basket or frame. The sheets are closely stacked
in spaced relationship within the basket or frane to define passageways

bet ween ?@T@Q for the flow of gases. Exanples of heat transfer el enent
sheets B 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
i's direpeg) RbaAUGBeddrRivRMAt QERAIRBASNe ESnbAlSsed tdR8bver BedtFROnsheet s. As

the rotor rotates, the recovery gas stream (air side floyév? is directed over
t he heagases etideg & furndrer stam genssatanon flue gasdsoorant gaipmentp £ ansentional | n many

i nstance the regcover S stream consists. of. cqnb 0 } i

hoat od D KHSRPROE B o P Rin BT BRE AR Bustuip SRR P e gn

I ecover il dictsint @dMepasblitldue b the dTbw 6f datedddeUpbdsahroaph tietheai r. | n ot her
forms of rotary regenerative heat exchangers, the sheets are statiognary and

the fl uexchengernnhe hausingdyitberydefaes angthes selraf inlet ductspndgvkiprdactsforrihe flow

| NVENTI t n r j At lity in
rotary TaenRrty O By A8 oreRd R oA TSP AR B b Y 2 e
across dibghrhgas défimnst@npatesits theebetaveen for supporting baskets or frames to hold

heat 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.



| eading edge to a trailing edge. The heat transfer sheet is defined in part
by a plurality of sheet spacing features such as ribs (also known as

"not ches"woanioii2aio2por ti ons ext endi ng substanti al |y par acirals2daio/02tves

directi f I f transfer fluid such as air or flue gas. The
sheet sggkﬁﬂé&‘rtﬁgﬁ’ﬁ&%ﬁﬁﬁé ers between adj acent heat transfer sheets.
The heat transfer sheet also includes undul ating surfaces extendi ng between
adj acen et spaci t i . At i defi ned
by 1obel?P3 oo knaiae B e itk EREAHP IR h Mhas Vb BRERERER O 12
di f f er eedchamgbs Bidesgibsdr Gas dswdx heehnaddated aarugs eheisar tedrafargkedt frote sheet

spaci ng, features, the angle Ay being different for, at | east a portjon of
t he undl§raing feest9rarteaillag © g?er'rglﬁ&?frt@w’{if ﬂtj’eH‘iSFiFéP%dn‘f‘ Ps':‘&re%ﬁ:%lu tries on

t he sa b a0 : BN » g&@ﬂ-&g ch of the
| obes trr% egf%%?‘gg a cggn%ﬁﬁﬁﬁghlg P &m\ioar yi r’fgasgﬁ? a%se?gégat tr ;1/ gﬁﬁggﬁl SCRI PTI ON
OF THE SRSMhINHY padalibjo thedirsctiyreafitherfiower a destdranbfed fluid dubk aslais or flypd gasn  of

the preferred enmbodinents_ is particularly pointed out, and distinctly

cl'ai ed TS eRksPEF 98 fePcares fre Sariet bedporn Gk Rbicgh e F?tanﬁ?rﬂ%ﬂf or egoi ng
and ot hgpndkeahit GRo HGuRL RFLIRGES s #faEe SORMITY bt WA ddifcehOdneadohgnglet ai | ed
description taken in conjunction wth the acconpanying draw ngs i n which:

[ 0007] feamres] with eachpandul aing\surfate- ivigydefimed pp batiey éalsd kevovaf ass‘updiletionst’ t

rotary regenerativ, at exchanggr. [0008] .Fig. .2 is a top plan view of a
basiker P CoTBRRTE Hr dBeipes ot B ifestt dalrane fordires fxind GuGrd At °3 s o
Per Specidiaffe Yo G sRbet pRPd et tHeRhSR AU bldhg Bifferdt®r & 1A8S SortisIeGhe Shown
in a stacked confi gurgtl on. |0010] Frg. 4 is a side elevational view of a
prior aunduleimg strfacesf thereby pmividihg Oitferenisgrfacs geematrics du the sawetlicaizansier ew of
a heat transfer sheet according to on di nent _of. .the present invention
navi ng HEE BRI RS By ARe g0t Fo ot D 1PHE R and 45 o enrSa Tl liie s fo
a Crossgifet biidtrel evation view of a portion of the heat transfer sheet,
as taken at Section VI-VI of Fig. 5. [0013] Fig. 7 is a cross-sectional

el evation view of a portion of the heat transfer sheet, as taken at section
VI | - VI | BRIEFFDESCRIPTION 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.



[0014] Fig. 8 is a side elevational view of an enbodi nent of a heat
transfer sheet showi ng anot her arrangenent of two different surface
geonet ri esoanioingrvsane sheet. [0015] Fig. 9 is a side elperaiscanmb7ové ew of
anot her heat fransfer sheet show ng three or nore. different. syrface
geonet r (W33} Fig RS s Gress seroiopa ﬁ[?‘?)’ 48} ViEPPT aRgrian of 5 bR BEBVEEEROR vi ew of
yet ano o6t VBR 2fFif sheat transfer sheet showi ng a surface geonetry
t hat vaﬁ%ﬂgéaﬁ%gt%uousloy (1) er the length of the sheet. [0017] Fig. 11 is a
cross-sectional elevation view of a portion of another enbodi nent of three
heat tr {idBEFig Méet sroassartidhalgldvatiomeieprasqortiomefghe heat tiansfet shekids
relationship. [001 1,0...12 Js a cross-sectional elevation view of a
portiont ng?ﬁ‘fhﬁ%préhﬁgi}cﬂfré%tiof three heat transfer sheets in stacked
relationship. [0019] Fig. 13 is a side elevational view of a heat transfer
sheet agpaap F%Q 81i9a §id6 cRVRGSHaPRW HanlehoBin@He bf a hétt @rahifeNsHRavdheGidgno
different surface geonetries on the sane sheet. DESCRI PTION OF THE
PREFERREDRVBOBh SRS of 00 different sunfacs geometrieg on the sameshedty regenerati ve
heat exchanger, generally designated by the reference nunber 10, has a

rotor 1 ted.in h na,14. T i I f j nl et
et 20fglTal Bler P L8 oide SRR dt FAGoP Rl BarkderficcdiSuihe bt 0P BB
heat ed aiffw@@@mfﬁerg@gﬁﬂeﬁféstohrtmghwtdheetheat exchanger 10. The housing 14
further defines an air inlet duct 24 and an air outlet duct 26 to

accommodat e the flow of conbustion air38 through the heat exch n%gr 10. The
rotor 100038k Figadp i3 a pide elevational vigwed el aaleﬁwa@!ﬁgomwm CHHRReEels 17

ther ebegmﬂgg%ﬁé&épg%pgnta&nrgg%ég%g{&&tc%ngig@g@%é gt ot wbiAOSS er sheets

(al so known eat enen eat exchanger 10 is divided
into an air sector and a flue gas sector by sector plates 28, which extend
across {00a7hBigsil hds déroadjationd! etevatierpyiew ofinghottomenf ahathesernbodimentrafitimee 12.
Wiile Fjg. 1 depicts a single air stream38, nultiple.air.streans my
beacconh??dérta% et shgels a&“sorfiﬁ“g-t%g@t%‘?“ﬁﬁ&"ﬂﬁ‘&&-‘%é@?‘ﬁd relgfionsdi-at i ons. These
provide nmultiple preheated air streans that nmay be directed for different

uses. [ fip48] Fl%?)lﬁ?s £ &9¥Wsdchlofd] BlevatioPViBw ¥ @ PN adothbeehbOBmkst of4ktee
(herei nafter "basket 40" includes a frame 4 1 into which heat transfer

sheet s Uent transfer shekiadn stogkadaclotionship. | i mi t ed number of heat transfer sheets
42 are shown, it will be appreciated that the basket 40 will typically be

filled woglﬁbgfgg G35 & Qﬁé gfevg&%%f \%ev4v2of a’?i%atatl'aigf& Skt é&oﬁiiﬁ’g toPoneleMbodfifint

transfe
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



42 are closely stacked in spaced relationship within the basket 40 to form
passageways 44 between adj acent heat transfer sheets 42. During operation,
air or flwegswsi2bdoows t hrough the passageways 44. [0022pcRafsesmwionm7é o bot h

Figs. 1 and 2, the heated flue gas stream 36 is.directed through.the ga
segt or Womﬁ@dﬁ@%sug&%%ﬁeﬁorf@ élH?ndS' §9¢§H§P LIRS, ?f}e%erPéOYfQSffﬁil?I&ﬁsf gr >
sheet s 4heqllaei bt HERSHE beIREI 62AEEnL e ot ated about axis 18 {o

the air sector of t at “exchanger 10, where the conbustion air 38 is
directed over the heat transfer sheets 42 and is thereby heated. [0023]
Ref er r i [9021]oAFisgbow8B imAig. 2, oreorxampld afirathedtdbasket A (lefreinaftdrébaskeund0”ar e shown

i tacked rel ati hi p.. .Typical L.y, . h t ts, 42. t eel
ol anar gHBe S eae o iR i o i R IAEBRY HBLSL' (2l oo
known agmiebenes ithndBcshepd ubakd fpwallithall O8 appretiafel fied thabaarétt40byill _
undul ati on peaks 53. The undul atlona&eaks 53 extend upward and downward in

an al t etypiseliybe fileshivish heatl teaasfen shastse. "Asorlsossar ihig: 3, the beps pnsfpresheatat

transfer, sheets 4 | so include.a pluralit e L1 havi ng
b pecdarg siosiy aced sonced B Suiny thinle GBS fod BB BREH I 20
oper at epdiWediBididcehthebPRinsid shedtyeRNDadh@esaritioneait of flaggiseflowdhedugh4ize when
st acked adj acent to one another and cooperate to form sides of passageways

(44 of passpgewyys hese accommodate the flow of air or flue gas between the
heat transfer sheets 42. The undul ati on peaks 53 defining the undul ating

surfac eﬁg@ﬁg}#&‘%ﬂ% &8 Ebg'erxggtlt %gazlt, it}%:;}?eg%h?fue gggﬁf‘eaﬂ%@fs%i Ete@lbrobdlfthsame

hei ght . extend at a predeterm ned angl e

(e. 9. Ogadegstersthé Btakkstanper tihdittanwfeniheai to the hdak trandarsheéts dRgihe heatr ot or
(12 of Fig, 1). [0025] The undul atigon peaks 53 definjng the undul @ti ng
sur f acesanster sheetsfE2 g5ethsn rﬁﬁeda%b@uh?m%h’g@dhﬁﬁlrﬁ?ﬁoréhf Gy PXchanger 1 4 ive to

the ri . e 4 ' | 2R fis Blefeb9hehtbale das
i ndi ca’?‘gla&g& et({?gﬁzl?trl%rg\gr?rgr %@&&Q&%rvreghg%'&-ﬁﬁahgfeﬁn S{sati ng lssurs3 feageé3 52 act,
anong other things, to increase turbulence in the air or flue gas flow ng

t hr ough{0023] Refesmgavdyss. 8 44d df cdrivgntictipl aatitranséersheetsiftd argshowhén g lvaeked|
boundary. | ayer t.he surface ofthe at transfer sheet «.In.this manner,
t he und’élagf’gﬁﬁp'gﬁm“&%g’s H%aé tfaﬂﬁtr%f)weﬁggtar? ggﬂgfagpr 5] ?\ﬁgréﬁﬁ%ﬁxgv%g%e{l t ransf er
sheet 4g,500kotiRQud ner rhbié@itE3D-(alk®REGIn AS“rDRNEY) lafid bhdifatiry stufadessvel
heat transfer sheet 60 has a length L substantially parallel to a direction
of heatdefingeirf gart by widilqtiverpsiaka$ 3. eFhe widulagion ppaks gextepdupyiprdadl ext endi ng

downward in an alternating fashion (also known as “corrugations”).

[0024] The heat transfer sheets 42 also include a plurality of larger ribs 50 each having rib
peaks 51 that are positioned at generally equally spaced intervals and operate to maintain
spacing between adjacent heat transfer sheets 42 when stacked adjacent to one another and
cooperate to form sides of passageways (44 of Fig. 2). These accommodate the flow of air
or flue gas between the heat transfer sheets 42. 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

-4 .



froma leading edge 80 to a trailing edge 90. The ternms "l eading edge" and
"trailing edge" are used herein for convenience. They relate to the flow of
hot air awoass/mbm2sheet 60 indicated by t he arrows andpcahmsb@do3Ars Fl ow'.

[ 0027] The heat et 60 i e of ¢ ntional heat
t ransf e g‘ﬁaéé'tagSfIﬁrZ&teﬁt r@tﬁpﬁn%ﬁ%\gﬁu@ ngré‘ér?a 8%?%%8?/3 8?;%? B&hpl e,

heat traiwt&!the AER 1SN HEr §HRYt MLaRf RELRGr AN phddserted in a basket 40 for use
in arotary regenerative heat exchanger. 8028] The heat transfer sheet 60

i ncludes sheet spacing features 59 for rred thereon, which effect the desired
spaci ngl0826lwaeshostciatFigs G- Andonvek heat ranafes skesh §8 Sasa Ienplneubstantidlad acent

CEo aleRlo 2GS0 oR nPR SRnaF ARATRERinGHe 2Rl oF ARE S a1 RO

subst anfrpdlal YadiOéte 8080 hendlidy &fgetobe me@énntsl“aaa&tngredgér%u “braili ?eﬁga’ 5) and
substanti al Idil parallel to the drrectron of the flow of air or flue gas

t hr oughere bsedrhsrein fasfconvieniensat Tary keltg o thelomnofhob air perossihe sheet 68xt ends
al ong the. e e » 60, fromthe |eading edge 80 to the
8‘885%“%@’ agpq%m% enh l%aelécp A Iﬁo 9 g¢

traili n18 jacen s 62. [0029] In the enbodi mrent shown
in Figs. 6 and 7, the sheet spacing features 59 are shown as ribs 62. Each

giAfbdeZ_ jog27et lieﬂﬁiét t(ﬂahsﬁer;shéétwolﬁﬂé:yebeﬁﬂsgd irdplacesefoondertional et tradbfee shéetsst | obe
efines a peak (apex) 66 that is directed outwardly fro eak 66
def i ned*ip %m@rxée@ématwﬁo@asaxchmgea enesamnls, hegesas ésftﬁetsg&m% e An

over al lsth‘ft'eg Qﬁ%glfsergeglem l?e% 49%b nﬁ?@taﬁﬁ@%@ gang @ﬂgatQ:QElédggéxpeCt ively, is

HL. The pea ri bs engag acent t ransfer
sheets 60 to maintain the spacr ng between adj acent heat transfer sheets.
The heal()OZS]aTisa‘ leiat sheéirshéd 60dyclbdesahed spmihgsicaturdsQtfotnhes thedeen,8hicn one

heat tr r sheet ar.e |ocated abo bet bs 6 th
adj acen‘t g‘f’ desizedspacing pefyreen ]s}aqetssé'i%%@mm%@@%]s%%ngf thwrgé%ﬁ‘ﬁ *a??r,}gnt ©
advancemphadsfershéord HEURER the, 5136&%6 Grd siackB$ nﬂh@téhék@ﬁziO’(Fi'QtZ) K Tawshd2pW t 0

s
create two %d?eerent types of undulations on a single sheet. The present
i nvent i spacidg ésatiges §9 extend 1rtdpecerdeehttlbmhlp gibstastially aletgithe heseteofithe heatl at i on

sectiong 031 alLso co t ed hee cin fea ures 59
may be %?Jsg’f ﬁléJret bh(&{)é@ % n%@ H] &h%g‘é%‘i%r‘?& "m"\?@ g?‘r‘é@t 560 and
form f | oW iRaasR@RTodr éf@@mwché}ﬁgeadnmmuw pasdgetolarsdnds aﬁ)hgﬁiesenﬁﬁa [ 0032]
As is shown in Figs. 11 and 12, the heat transfer sheet 60 may include
sheet sleagthhgof the sheet 60, from the leadrng edge 80 to the trailing edge 90, between adjacent

ribs 62.

[0029] In the embodiment shown in Figs. 6 and 7, the sheet spacing features 59 are shown as
ribs 62. Each rib 62 is defined by a first lobe 64 and a second lobe 64’. The first lobe 64
defines a peak (apex) 66 that is directed outwardly from a peak 66 defined by the second
lobe 64’ in a generally opposite direction. An overall height of one rib 62 between the peaks
66 and 66°, respectively, is Hy. The peaks 66, 66° of the ribs 62 engage the adjacent heat
transfer sheets 60 to maintain the spacing between adjacent heat transfer sheets. The heat
transfer sheets 60 may be arranged such that the ribs 62 on one heat transfer sheet are located

about mid-way between the ribs 62 on the adjacent heat transfer sheets for support.

[0030] This is a significant advancement in the industry, because it was previously not
known how to create two different types of undulations on a single sheet. The present

invention does so without the need for joints or welds between undulation sections.



features 59 in the formof longitudinally extending flat regions 88 that
are substantially parallel to, and spaced equally with, ribs 62 of an
adj acent weavinmasfer sheet, upon which the ribs 62 of pchasadjoac®né heat

: ; L . .
subst arlP g g sgnichiotie (et est Sbaciu ep RS RaEt Popiarad MBS 60 For
exanpl &frasihe B%dg&%@%ﬁ@v&n {HeBtsH0RAH f6Eh TTBY pabiabasdsl WivesnaE hiigcent bs 62

and flat regions 88, rest on the alternating ribs 62 and flat regions
88 of dratmnafeesheetifdet 60. Alternatively, as shown in Fig. 12, one heat
transfer sheet 60 may include all longitudinally extending flat regions 88,

with t her. heat tr.ansf.er e 0 J.ncl udes I i . L Still
referr nﬁgﬁ]d&%‘séng%l ,lgﬁi@&?@gg’ @"ﬁ%[e tetraﬁ‘éééf (Selfere glrsléﬁnél&?@ hg%tSh%%%g%r\gen t he
sheet SpaGis g9 e 5:25 o BRnaR@lisaAMNes@dndiiild 2t diogs S8 hhreesusBndalty 70. Each
undul ating surface 68 extends substantially parallel to the other

undul atg F{eb@s'g@d:@@c?hemﬂméth, rihe62 pban adjiat gt wansiershectaponpgndyteas s
| . 5 . i
Condur s i wiREOMRF BB Bea i ke e i SEITRY sRGER s,

U- shapegbahanglaldng\thdéntire m?mt I, e theadrkistrahdfer et 6@ NHorexamplep beshdn id2'

extends al ong the heat transfer sheet 60 in a directiaon defined along the
ri dges g il theshest $0 7y inglude alterpaing nibs 62 apd fhat regieng 88 wﬁwg res eaﬁhﬂ i gg

surface N - i - HU ] i {: jgs. 5

and 1. BelRiiRReR P ER Ak GepRts LRt Albakiche R AR AL IR 1S

ot ge{ ;JIFE;I Uh@hda?ﬁa@f?%ﬁ@&%lolgaybiﬁa&ma Iall ltljdmg(imhiaalﬂy sxtading flitaragione88,5dth Each

undul ati ng surface i ncl udes one | gbe (undul ati on or corrugation) 76

pr oj ectthpgthenheghtrapsisshess fitrdedssell Hasdr anot her | obe (undul ati on z)r

corrugation) 76'. Each lobe 76, 76" defines in part a channel 6 1 having

respect T N ' eat

t ransf elp “%l%gﬁk%g&f}% ée%llgsrggf i&;ﬂ)%g%c# ?ﬁ@g %g téﬁag Sf';eﬁgéﬂer%?%@g%wgé}gtih%gﬁeegaks 74
9 :

74' as spheing faaturés I ar6 sevEaal lundilating surfies 68 anry7& UBdchowdulpting iy fage 68

Gt acaetiogs bRl pest e a0 oo prodEing T hnes 78 e b B0 BB o g

surfaceg,iifRs 594 th respect to the sheet spacing features 59, as indicated by
angl es Aul and Au2, respectively.[0037] The sheet spacing features 59 are
generally parallel to the main flow direction of the air or flue gas across
the hed0034]ahsisshowniekige6. capls undulatingwriage 68 i5.defned b lobpnindnlations arhe

corrugations) 72, 72°. Each lobe 72, 72’ defines in part a U-shaped channel having respective
peaks 74, 74’, and each lobe 72, 72’ extends along the heat transfer sheet 60 in a direction

defined along the ridges of its peaks 74, 74’ as shown in Fig. 5. Each of the undulating
surfaces 68 has a peak-to-peak height Hy,.

[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 A,p, respectively.



undul ating surfaces 68 extend substantially parallel to the direction of
the sheet spacing features 59, and the channels of the undulating surfaces
70 are amgbediomneishe sane di rection as undul ati on peaksPe8/Usasi0iog703hown, i f

A t.h A 2 th i i.mat.
oo bosl00pR Hireapading fefiiorod e Beseraily SURLoLdn s iR s dirlion e 88 | |
convent; PQP‘ﬂlu&{:%ﬂtacforséiﬂl%fh%ét tﬁﬁa@&} Shed26@! hs <N iAlFid BetRRNBRAD Che A 11

relative to t adj acent sheet spacing features 59.-[0038] The angl es
descr i badiubeting sarfaces 68 gxfend subistansialiyaparakel poitheakirstion of the shest spacimgder st ood

171  TRabbia g UERARE holbletan S oG ARG o SRl "
based Oﬁhdfu-PaQiBH géak%%h £8Sis BRI, tif ANSE 8&rofdetiess, ftlllé?W\ zci@ahg &ﬁb&ﬁﬁl’énttlﬁ ansf er,

| ocati on of zone where sul’furic acid, condensabl e conpounds, and
parti cualmrcmmatel}e‘ﬁ dagiréescin oontialie ahghwwvnt indhg fle thestmdflhi@ég sunfacedl 53 i ed

t bl f
ot t ramepBoRah il ki dhets B Etend Bihe Py B Rf BRIk, C20

t hr oughseBiepRdag aafige{ s of Fig. 2, 6 1 of Figs. 6, 7, 11, 12) between the
stacked el errents to di sl odge partlcul ate deposits fromthe surface of heat
transfer sheets. To aid in the renoval of deposits that will formon the

Beat t r 038l Fhesanglesclesatibetl hgrecap@mdv iformillustrativg purnesere Jt isdp be upgersiaodibat | 1 to
e a d| tance such t hat of the deposit is |ocated on the
section anveﬁgorhggomfi%tsﬁg?évl}g %ag ?’p{’%m\%[%ss substantially parallel to the
direction of the flow of air or flue gas through the rotor of the heat

exchangm3$]3bhe B8gthfL, bif the uhidulaBhg bl ¥8 ohBiRe s €and Ihg $hayaibiee debeetedt han
one-third of the entire length L of the heat transf Isheet 60, and nore
o)

pr ef er apasgd prastarn sshgs heatdranster Bpidifipw, é]ﬁﬁqudehqaé%‘% rL GRtian R thezpet r ansf er

sheet 6 70 to
devel op ﬁggﬁl?uerﬁ{&ﬁ g\%ﬁ%ﬁx ?tﬁﬂé %Iﬁg(ﬁﬂlthr ans erlc Faté’ ﬁ!ollg&to?]x;{{lé g t ur bul ent
f1 ow cotidrsfed gerfae] arisddsired sovdhblbae p@eﬂﬂldmﬁ:ecl%@mnglnﬂud)tdﬂowgs bavefleer 70 i s

constructed to b fficientl d.t he full f
oper at :J‘f‘?@g é‘bﬁlg‘?rt ﬁ?ﬁ‘z granﬁlf%lcﬁ?‘gﬂ? %Gﬂ‘?ﬂg @ghye%@ d’%“fsg?‘i?\%érr ge{a%eqlg’ru B he

heat ”fﬁ@?&&& QNeebr Y. 2[&0(4@1%5 '367'1%92%@@&%& Bﬁ@ké&lf‘él@inéﬁt@tdmlsl?ddgeor

i1 lustrat ur poses. be ‘under’st ood
particulate deposits from the surface of heat transfer sheets. To aid in the removal of deposits

that will form on the heat transfer surface during operation, it may be desirable to select L; to
be a distance such that all or a portion of the deposit is located on the section of the heat
transfer sheet that is substantially parallel to the direction of the flow of air or flue gas
through the rotor of the heat exchanger (36, 38 of Fig. 1). Preferably, however, L may be
less than one-third of the entire length L of the heat transfer sheet 60, and more preferably
less than one-fourth of the entire length L of the heat transfer sheet 60. This provides a
sufficient amount of undulating surface 70 to develop turbulent flow of the heat transfer fluid
and so that the turbulent flow continues across the undulating surface 70. Undulating surface
70 is constructed to be sufficiently rigid to withstand the full range of operating conditions,

including cleaning with a sootblower jet, for the heat transfer sheet 60.

[0040] The lengths described here are only for illustrative purposes. It is to be understood

that the invention encompasses a wide variety of lengths and length ratios.



that the invention enconpasses a wide variety of lengths and |ength
rati os.[0041] In general, the higher the sulfur content in the fuel, the
| onger LiwOantyi29992L ) shoul d be for optinmum perfor mancecTAlss@o/obtes | ower

t he ga tlet t { f th I i d

5 SR b e BB ik G e
an th I

o Hi2 S Spifi Bk ake. Ryt IR uhd s BeEMBERIre SOR BERR | 1O 0 TG

Hu2 ar eprelenterf thadortder L| (anddnf L9 Shouldbe fd‘rm;mmum performéincd. he undul ati ng
surfaces 52 in conventional heat transfer sheets 42 are all of the sane

L R L T B e BB B
soot bl Oﬁﬁémht‘?\;el)tf cH ?I[?zerha}l QeRE Pt éﬁhltniilenH‘:,l' Yy BaRSSGEn @ﬁ% a8l bbingdg, 6 and

7), which is expect e l'ead to better cleaning. [0044] e enbodi nent of
Fig. 5 arrdﬂhalarael@mjthamHal [woeritst, bmhoem mlFﬁmﬂgwuhﬁlsg@mfme@ﬁ%rn jet, or

potenti al cl e ni n a st C on t.he eat transfer surface since
t he uncﬁﬂ“éfg’i‘ %?gﬁﬁ ﬂt%ﬁ?a&??et&f #ih a jet directed towards

t he | eadi ng edge 80 thus allowing for greater penetration of the soot
bl ower jopi3el CPO nidiRlihg B¥Vt}{é31ﬁ$é}ﬁ9r§ héSshothn thitdBe effibodinent SOAB] 5 Hlwvister mor e,

when the configuration of the undul ating surface 68 provides a better
| i ne- of maintgiming bigheevelodity andinaticanerzyol dirsertblomer jetie arisaperdoetigher sheet

ooty et BEA bGP Bl FOTRR kg et PR hagl o on (!

susceptibility to flutter during soot bIovvingtests I n general, qutterlng

of the [0034] Theoahbalimshed g, Sis bolbed tabll@v &5 betterCeetixg Waeaﬁlb\kﬁver jet,
deformati on of the sheets, plus it causes themto wear agai nsi_ each other

andf t herpsigntialy gleering ﬁétleleef qgposit pr therhepteansfes sprfacesingedhg wradwatiag) at i ng
surtace
ssur%«@ ag'SBar?, lﬂgt? glérl?c{ {)/V%an &étwgtea\‘t&%r&m&ée{dﬁfg;e < 89 %ﬁh?gllo%ﬁﬁ%t bl over

jet (AT Kimeti ¢ ener ower s

preser vid gteated pgiictation of thetsbotblower jehaond thwfbhap’asedgeé 6dl off Figs.@s7).6 and 7).
This results in nore energy bei ng avail able for renoval of the deposit on

the heat transfer surf h t rrb dj t  of h
t r ansf el00dplBrthegyote, eﬁl ﬂg@gﬁg&p@@%ﬁgﬁ@ﬁ%@%@ PF‘iOVé S a%ﬁﬁ% rrgnng?t
sim | ar;fdohg tbfe{v@é%ﬁftﬁef h&&E1sfEQhed1$80, the RS hr@hsfad Bt bCRsIARd AeoBl | €5 Of

sheet spacing features 59 at spaced intervals that extend |ongitudinally
and becomes more compatible with an infrared radiation (hot spot) detector.

[0046] The embodiment of Fig. 5 proved to have low susceptibility to flutter during soot
blowing tests. In general, fluttering of the heat transfer sheets is undesirable as it causes
excessive deformation of the sheets, plus it causes them to wear against each other and,
thereby, reduce the useful life of the sheets. Since the undulating surfaces 68 are
substantially aligned with the direction of the soot blower jet (Air Flow), the velocity and
kinetic energy of the sootblower jet is preserved to a greater depth along the flow channel (61
of Figs. 6 and 7). This results in more energy being available for removal of the deposit on

the heat transfer surface.

[0047] Fig. 8 shows another embodiment of a heat transfer sheet 160 that incorporates three
surface geometries. In a manner similar to heat transfer sheet 60, heat transfer sheet 160 has
a series of sheet spacing features 59 at spaced intervals that extend longitudinally and
substantially parallel to the direction of the flow of the air or flue gas through the rotor of a

heat exchanger.



substantially parallel to the direction of the flow of the air or flue gas
through the rotor of a heat exchanger.[0048] Heat transfer sheet 160 al so
i ncl udes woduloai2poyg surfaces 68 and 70, with undul ati ngprsurfSacies2®3¢ bei ng

|
transt cli08Bcdtat 1gosEAshert | Eheim o des wiulashe surtheS bEBed 707 ih G | ng
sur {aces 6884 60Kk ol en'uplS) LARRECHEON LR G3A E8ha0 GNAL Fdflhnisl ol ve

to the s eet spaci eat Aul 1I's zero sihce sheet spaclng
featur eshe5191 60s Amsais ahdne]h irt Bigh.ah8sthd Ihbet T efundilatihg sdfadeatB rgtend i thedsst70
extend i.n the second direciion Au2 relatlvetoth hee§2e€ ci hg.features

59. [ 00%iRction EengessuteA byiangle i selative thdhe %hﬁ?ﬁ%ﬂng AP ol AR er . as

the undyh&ddhBg s ?H&B ?é%?ur@é%@fs ef fodbbds™a, ¢488& %oﬁndhi!ﬁin?%ﬁ&ce@% may be
angl ed differen romthe u l'ati ng surfaces 68 at the [eading edge 80.

The hei gitersl infthe #eeondndmd:catonrﬁg,z s&laﬁwcteﬁw%eetapacmhgfeabmes/ﬁh ed relative to
the heights of the undul ati ng surfaces 70. For exanpl e, a sum of the length

L3 of t Iatl sur f.aces t traili,n ede .he | thL
57 he. DANE Al antaT Gaob i b Gt st V05 e BRDIiRG RS 1l
of the 6835{9%"&&1119@ e3£@9m6ﬁﬂhetsﬁéé@§@ﬁ{ ty%@%ﬁéle@@lffé?érﬁfyeﬁ@ﬁ'tﬂe unduldtimgl €ss than
one-third of the éntire L of the transfer sheet 60. The heat transfer

sheet 180facés G8 aj thegleading ledgai8® dThe hmglé&aﬂvbb andulptingesusigots ) maepkso ¢ e

rr anst crarihs8ftifk tlfe hERB AR hoblethe WMFReS FECFAIGHARRNE R omp i ottt o e
sur facer, dgmﬁetuﬁdlﬁmﬁgl mﬁcém dt@l'fbg&é]h@éz 6%@@0 bl o lléﬁ@tﬁfig%f@lie wftatigganpl e,

Fig. 9 cts a heat transfer sheet t hat mcorgorat es three different

?]u rfaces 8 atdke lepding edgmbldis lessithanmethglfind the lengthds efrthe heattiangfer and 160,
t t i
€a r g%\lﬁ Cﬁﬁefgxattbgﬁ gto is 0?188 tl? nestF'f yE)f t?‘x %ﬁfu@q_l %fetﬁé géa%%%ﬁgfgﬁghe%f&f eﬂle

|ntervasf and “para Irection of the

f1 ow of heat traferfsheed 160D FhY. Qugly bdesed Mopexantpld wWired sovx blvangesrealidctdddi ni ng
fl ow passages 6_1 between adj acent sheets 260. [0051] Heat transfer sheet
260 al sbpth et leading endiisailing ﬁ%@@@f@é@@ 68, 70 and 7 1 with undul ating
surfaces 68 being located on a | eading edge 80. As is shown, the |obes 72

of ~undulogkdNBheSiial f5 &%e&@f rE.Q: RinlvbdtRin Ay RERdeAny ﬁ%ﬁ&e&{(ﬁ’ﬁer@ﬂ‘[ angl e
Sl actiel RS e i

Aul (para eet spac atures as I's shown, for exanple).
The | obamfa&ﬁg@imemehﬂlamg thg lengtl aﬁmh Twepassagd 64c Fosexanie, rfég,t9 depigisé er

sheet 6e%t {rz?ns er sheet '}%o dhat 11(1:<}olx'l(>)or1]'ates threegcllﬁ'eégtz sru?}agé :ge\/o%letrles h[% a manner
similar to heat transfer sheets 60 and 160, heat transfer sheet 260 includes sheet spacing
features 59 at spaced intervals which extend longitudinally and parallel to the direction of the
flow of air or flue gas through the rotor of a heat exchanger and defining flow passages 61

between adjacent sheets 260.

[0051] Heat transfer sheet 260 also includes undulating surfaces 68, 70 and 71 with
undulating surfaces 68 being located 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 A3 relative to the sheet spacing features 59,
which is different from A,; 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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sheet spacing features 59, and the |obes 73 of undulating surfaces 7 1
extend across the heat transfer sheet 260 in a third direction at angle Au
rel ati ve wo 20tve12edveet spaci ng features 59, which is diferastommoerraAu2 and

Aul . For npl e, Au3 .be the negative (reflected), angle of Au

el at i vEDUSE ARes By U mggsuffgaqs{ﬁe@dgé.alt a%aﬁwgdg%e?atg%ﬂgf TheRt 260,
di scl os relJaq: hei i I i rf s 68, 70,
and 7 1&%{&&3? gd\{?/cgpé Zﬁ ) lpgﬂgg%é}l%%sﬂu}eg @i‘ﬁ%ﬁ?eé&&rg&%tﬁg ag gr acs'es 0 and 7 1
al t er natiebwdérmegomiee irhemaitact mathsheheas randferXbhbets 26@ for laylogen perdodof time and

i ncreased turbul ence of the_ hea ransfer fluid, it fl R t yr bul
comes iﬁwé SRIAAESS it Wansfig. élatswgrﬂ ?ﬁg/f stﬁvgé?ém?g ekl@w%go ﬁ@ﬁ@éﬂ%@%ﬁg §P °

time an P[fojgéj -p&@pﬂ&@ ansfer. The swirl flow also serves to mx the
flow ngg ul gman pr o?ﬁ esatgferr'mre uniformflow tenperature. [0053] This
turbul ence is believed to enhance the heat transfer rate of the heat

t r ansf ef00§8Ehis t@bulantehis delievadrtakenhance dwdweat transfee saseiofthd hegs tranbfet sheetsusi ng
a signi & catgt increiase in.the am)ént oil. t ot al heat .gr ansf erred.t %0054]

Ref erri Q;Wt‘ agpigimalgncrgasydn pressurs drop, WhLE SpUsmgst gl B Fgrease 1 ®nt i nuous| y
var yi ngamshidt € otaleRMBtdnéfepteang a plurality of |obes 376. In a manner
simlar to heat transfer sheets 60, 160, and 260, heat transfer sheet 360

i ncludes sheet spacing features 59 at spaced intervals which extend

| ongi t ulf084) Referring todhatldnaihaatitsanslar sheeel6(igcarperates peentimiously vaRang | ow of

he ai il hr ough th f.a h nd cdefining fl
pass ageriast B SREIFy yhe R byl B 857 1y MEler GGFRORG BRRAEERL O T v

sheet s 86060 £Q5%D, a0 Wwapdeshges3d0ShéTudarshée shdciy feantsFout pakedf Fi gs. 6,
7, 11 and 12) are created between the sheet spacing features 59 under, | obes

376hof i valniichiexipgd dongindinalg gnd vehstangpls pazidel e therdirertion efse AgMptangl ed
it t t t ' . h
sheet o oot waS e RARR S RAGL Gk AGE b By b g el ol

const r uflbw@assaldsBIsofFigh Gtandl 7 betiver e hdjheenpstieetsr360e from t he | eadi ng edge 80
a greater distance into the fl ow passages as conpared with prior art

designs., [0056] This design also exhibit eater at ansfer agnd fluid
t ur bul e_W@%ShE]QP’V RasEAees &?‘mﬁﬁ'gtoé@dépwge?ﬁi Ogi:’@@'rés?s Pgé“% !qr?laregtlegt he
undul at b&@e@&’{h% REST spethPR PSS INBdBEREeS Pl6 F tﬁé‘@}{d%lla.ttﬁlg REHhdedIB8t The

undul ating surfaces of a different angle, while still permtting the
undul at lobgs 376 ieaoms inaedsingdy amglihwith respeedo tictshee spasing fortwwsrSY eier ths ef f ect
deeper iegéth&egfethcr: gﬁe‘e%‘&? Pr(cj)m the leading edge 80 to the trailing edge 90. This construction

allows a soot blower jet to penetrate from the leading 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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better cleaning. The heights of the undul ating surfaces 368 nmay al so be
varied along the length L of the heat transfer sheet 360. [0057] Figure 11
shows an wbtermabioge enbodi nent in which parts wth theprsamsmonb®re have

the sane functi onr;gg t hose deslcri bed i%ﬁlf’.i %s. t6 and 7. .1n this enbodi nent,
flat poldPP¥inises [Rsbewsaneihenaliseakive gmbadigicabot the BEeset nvention I WhIPR o j ve
seal be i LS ; h sheet
paci ng Sa it 48 YaREARABES Hv2n@Raho Ryichbh 4 HEs LBl e ey e ) T oosa]
Fi gur e figured)OilEs embodimenediffersifadm Fég. dritin diatrsinet spfacinpdegtures 8hareiomlent i on i n
which parts with the same nunbers have the sane function as those descri bed

in the Beldedortheicgnieeleat ansdersheldi nent differs fromFig. 11 in that sheet
spacing features 59 are only included on the center heat transfer sheet.

[ 0059] @359] B3, 1Pisa tb??laﬂlv?&v 133 EWeéiftraﬂsf@?ﬁ{eett%@Wﬁfg%ngﬂﬁ?@ﬁa@&ﬁi&hf&' taiaot her

arrangenhent” of two different surface geonetries on the sane sheet. Parts

Wit h t hdiffseentsurfice genmerinsiom thesane sheest Partts witk thersemicaefsremegnyumaberp ay gt m t he
same function., Thi,s enbodi nent is simJlar.to that.of Fig. . L. .thi

enbodi nfbﬁ‘? PRYjo4e g‘ﬁ‘t‘r_eﬁ RB‘%I?IQ? ﬂ}?ﬁf‘gﬁﬁ’%@é’ . #315 e?g’oﬁlge%mbge%%lg%@,tﬂﬁ O?lFf%iat are
angl ed & N 0RRAMYoRinkk S dceRsuntuldtioh aaes 70,0798 pedlRAB| BDtHac Ak ungisd 59.
Undul ati1 on peaks 78 nmake an angle Au with respect to sheet sgsz:m ng, features

59. Undinl apppsite direatiensavith respest tmsheatspacing feagiireh>9- edpdulatianopeake & makici ng

features 59, [0060Q] Fi 13 i ed for ' i wever,
[ shocRutee AgoRt et i berCrpanae srowrat o CORERoRin deake B bRk Aendl® Dot
have adphaGeit redpsdetordheet spacihi BasurBasdl | el | obes each oriented with the
angl es of their | obes aligned opposite each other. [0061] Wile the

i nvention has been described with reference to exenpl ar%eggt%odi ments, it

wi |l bel00ABicFigt bbis used fospyEposes of ilustratiopfowever, {tshpuld de; bithtges may be
it . . t
Gopar t1 iy Gtos B FE i Dnch Bt ont S iehal Lo BeatTERARakSicROhs kil o

wi || belodppéaeh oeitmed bathtthoagzlekof theidlabes alignedoppdsite @delpdther. par ti cul ar
instrunment, situation or material to the teachings of the invention w thout
departi E}%ﬁf rom.the essential S scope thereof. .Therefore t hat

) . it is intende
the i nvEIR6HoWhilstheiaventanhag been deseriped Witk tateFncstn 8_6?‘?}3%’5}' eapsl%oé?tggxga Yas the
best mogg; 60 &f@?&&t%ﬂm&&f SKEIRLd ¥ itROar® tat Vatichs chMRRE A be Brtdebh@t the
i nvention w include all enbodinents falling within the scope
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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of the appended clains. CLAIMS What is clainmed is: 1. A heat transfer sheet
for a rotary regenerative heat exchanger, the heat transfer sheet

conpri si nyo 2a10pi2pmal ity of sheet spacing features extensgcmgisadiongiovdie heat
transfer sheet substantially parallel to a direction of gas flow, the sheet
spaci ngCEARYISres defining a portion of a flow passage between an adj acent
heat transfer sheet; and a plurality of undul ating surfaces di sposed

bet ween each pair of adj acent sheet spacing features, the plurality of
undul at Whgt iseldime®s: i ncluding: a first undul ating surface formed by | obes
extendi ng along the heat transfer sheet parallel to each other at a first
angle relative to the sheet spacing features, and a second undul ating

surfac e]hf OF MR Qe Y rdnSRE ﬁle%%(fo? Qgg@%{ Ll%ég&?at e %tchﬁl{g% %ﬁ@ﬁea??ﬁ%&'er@ﬁé@l lel to

each other at a second an 0 the et “spacing features, the
first agmhgisaipd second angl e being different. 2. The heat transfer sheet of
claim1l, wherein first undulation surface is Cot%flbm ed t t.he second

undul ati on S%PLPE?@@’ alndreetipasing fpagyesagedinglnng egtﬁgana Gftest i on surfaces
are fl uéu%ktﬁ{i‘t#l% ﬂ%?eﬂfel ﬂ)ué){ﬁ?ecﬁeg %ém thgfhe-ghﬁaabﬁétfeétﬁﬁg85ﬁ%{1n§§'96&10ﬁf claim

1, wherel first angle I's suBstant’ia to zero, such that the
| obes obf 4 fiew passage betetedredn aijacent Heat arsfersshebtadndng the heat transfer sheet

parallel to the hee C|n f eat ur es The heat .tr e et of claim
2, wherein t#hRlug ‘1%? W&“&S H‘@Fa@ﬁ ¥S§8¥dﬂb§’t‘1’??8§? Pt 8%“13% Silﬁ edge of the
heat trﬁﬁéfngrfea?\ggftthe ﬁura]-ge?ﬂ%hla?lhg@ f&res%}f&ﬁﬁfmé’f claim3, wherein the

pl urali at1 aces Includes: a third undul ati ng
surface for rraaﬂrsbynduhdmg sam’aemﬁbn‘mgd by dnbgs anmeaalmgM®ttrm€@ﬁh@ér allel to

each other_and to the shee aci.n the hird undul ati ng surface
bei ng | Eﬁfé‘f“i Bﬁth?ﬁtaﬁa 8%‘?1‘1‘@'?’&831&3 %‘Fettsl%mﬂ% AtyrEs, 4 ﬁ?er sheet from
the first u néjégcaﬁd &%ﬁé{frﬂcﬁ%ﬁﬁ‘a& forkied B¢ &dbeb ERBRIIRE alDRL @le lﬁ:ﬁt garfeisieet Wher ei n
the heat transfer sheet has at | east one pair

parallel to each other at a second angle relative to the sheet spacing features, the first angle

and second angle being different.

2. The heat transfer sheet of claim 1, wherein first undulation surface is connected to the
second undulation surface and the flow passages formed by the undulation surfaces are

fluidically continuous and aligned.

3. The heat transfer sheet of claim 1, wherein the first angle is substantially equal to
zero, such that the lobes of the first undulating surface extend along the heat transfer sheet

parallel to the sheet spacing features.

4, The heat transfer sheet of claim 2, wherein the first undulating surface is located

proximate an edge of the heat transfer sheet.

5. The heat transfer sheet of claim 3, wherein the plurality of undulating surfaces further
includes:

a third undulating surface formed by lobes extending along the heat transfer sheet
parallel to each other and to the sheet spacing features, the third undulating surface being
located proximate an opposite edge of the heat transfer sheet from the first undulating

surface.
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of undul ating surfaces each having | obes that extend at different angles.
7. The heat transfer sheet of claiml1l, wherein the first angle is a

posi ti ve woghm/2o¥2t he second angle is a negative angl ePC8/USThe/0bmat
transfer sheet of claim1l1l, wherein the | obes formng the first undul ating
surface each have an upper peak and a | ower peak, the | obes formng the
second gndul at.] 13ve nafn
ver ageli st e o B BRI LR C W Rere e e AR P h hE fea R ol
subst anbf @ldulatiolg slufices Bachrharingdubgsabs estieatl andiéfelat weges.t he peaks of the
second undul ating surface. 9. The heat transfer sheet of claim1l, wherein
t he sheet spacing features include at |east one of: ribs and flat portions.
10. A heat t‘i’ﬁ@ﬁéa‘? frafdt&aheAF chithAl Wh¥ref1{3@1@ @ﬁ%taahgf\é% Q?@éiti_@é‘ Sl the ¢ he
heat transfer sheet conprising: a plurality of sheet sSpacing Teatures

ext endi sgoad amgle isreendgetite dnghnsf er sheet substantially parallel to a
direction of gas flow, the sheet spacing features defining a portion of a
fl ow passage between an adj acent heat transfer sheet; and an undul ating
sur facegdi speReHeR ahMEEShEATT cP@in1, Ahefl acent sheet spacing features, the
undul ating surface is torned by | obes that become increasingly angled with
respect to tthe letesdornsipgdierfiyst wainlatiog safee ca¢tehaveragtupppi jeakfand hdowrsat
transfer sheet. 11. The heat transfer sheet of claim 10, wherein the sheet
spaci ngPf®at ures include at |east one of: ribs and flat portions. 12. A
heat transf epe3088toifhg ﬁlers@é@{cvuﬂdﬁ&ﬁﬂg EfdcéRadiERdve NG pPBORak ahd g 1dvaat
transfer sheet conprising:a first sheel spacing featurée extendi ng al ong the
heat trpeekfer sheet substantially parallel to a direction of gas flow, the

first sheet spacing f.eature defining,a fir por.tion of .a fl.o assage

bet ween an aﬁ‘?%\‘@é?’ﬁ% c{ﬂggqcetbp%esepé ° %}5@9&}18%%%&‘8%1&‘@’%% rf%ﬁﬁ%l?s\rqlaéﬁla@t ure
ext endi pffedd PO ahAGelgallistanddBdtREerbie PhalslT Rt hndubdinglshthcel 0 the fir st
sheet spacing feature, the second sheet spacing feature defining a second

9. The heat transfer sheet of claim 1, wherein the sheet spacing features include at least

one of: ribs and flat portions.

10. A heat transfer sheet for a rotary regenerative heat exchanger, the heat transfer sheet
comprising:

a plurality of sheet spacing features extending along the heat transfer sheet
substantially parallel to a direction of gas flow, the sheet spacing features defining a portion
of a flow passage between an adjacent heat transfer sheet; and

an undulating surface disposed between each pair of adjacent sheet spacing features,
the undulating surface is formed by lobes that become increasingly angled with respect to the

sheet spacing features over the length [L] of the heat transfer sheet.

11.  The heat transfer sheet of claim 10, wherein the sheet spacing features include at least

one of: ribs and flat portions.

12. A heat transfer sheet for a rotary regenerative heat exchanger, the heat transfer sheet

comprising:
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portion of the flow passage; a first undul ating surface disposed on the
heat transfer sheet between the first and second sheet spacing features and
def i ni ng wotzhivrdoperti on of the fl ow passage, the first pamast@biooy7eur f ace

bei ng forned | ob extendi ng al ong the heat t f heet Ilel t
eai:hgot her a??%s“ﬁﬁ?eggpaa?)lf&ﬂ _ atlruéqg i %‘_"?31 e%pqté{a%gtﬁaseliegggﬁgtagﬁ% ? s;e)aci (rjlg
feat ur egaraRe1$6 QAN ctIH AL AW, B8R disPRISER aRife EdTMiRE R Tirdt PBRRNYIF asheet

between the first and second sheet spacihg features and defining a fourth
port i onfloW pabsagé betwepnss adjecent heatdrausfasheetciul at i ng surface being forned by

| ob t endi | t he. heat, t f h | lel t h ot t
second. angl e SRt ShEk s e S e A tbs RS danSer el MBS ccong
angl es Bghnd 1kt Bseddeet s§9§ein§- a8 ahe tdconsd SRkt $faskl fodtwe! REiMnk% se¥diRlr ei n

the second a;?l e is substantrally equal to zero, such that the | obes of the
second peitioh of theflayupdssage; ext end al ong the heat transfer sheet parallel to

the first and (of0) heet .spaci ng ,f eat ur e 14. The.heat trapsfer,sheet of
claim13, whaﬁiﬁ%ﬁn?ﬂ&a%%%‘ﬁﬁagﬁﬁa?:%&tﬁ@e éﬁ?ﬁr ieris eet(?8§¥6e68 t@? ﬁ?ﬁ% e an
edge of sdcbed BiRRt spacmIEAlres BREHefiniRy a TR fiR@én 6 BO FbRpashige] thefirg! ai m 13,
wherein the heat transfer sheet further conprises: a third undul ating

sur f aceuddugingsurfoee beieg fasmed by dehss extending alopgthedeat trarster sheet pardiektec ond

sheet spagi f eat.ures .and definin fifth rtion .of -t he flow passage,

the -t bt PRD ks eEE o1 SleP Pled e thE heDriarb iy PetBRlt SAITRY l'ong & he. heat

transfer shegteddad ahli@htiiOsieRcd d3psRA oAtttk Heat irixefdrishedt batwwkeadigofiit siveet

spacing features, the third undul ati ngé;urfage bei ng | ocat ed Broxi mat e an
e

opposi t &cend shest spapingtieatures pacdelming p &urthinoginn ¢fdhe Hewmassagadhasscand

surface . | ' . Lat i m [ ond and
hird it Rng RHEEY IS HkieRfify ok MRAGELRRENSRRecoaSATEE 2T
t he heatachrofintgfaed sedoad tingle edluihesto ahgeheetasphdiyg Gatiabd, eenfudst agl decorlt angted
fourth undul ati ng surfaces.17. The heat transfer sheet of claim 12, wherein
a peak-b@n&éﬁpﬁefﬁgi ght of the lobes formng the first undulating surface is
different than a peak-to-peak height of the | obes form ng the second

undul ati ng surface. 18. The heat transfer sheet of claim 12, wherein each
of the 13.rst TheHes @ansfer sheetatf cipmcli2ngherein the second angle is substantially equal to

zero, such that the lobes of the second undulating surface extend along the heat transfer sheet

parallel to the first and second sheet spacing features.

14.  The heat transfer sheet of claim 13, wherein the second undulating surface is located

proximate an edge of the heat transfer sheet.

15.  The heat transfer sheet of claim 13, wherein the heat transfer sheet further comprises:
a third undulating surface disposed on the heat transfer sheet between the first and
second sheet spacing features and defining a fifth portion of the flow passage, the third
undulating surface being formed by lobes extending along the heat transfer sheet parallel to
each other and to the first and second sheet spacing features, the third undulating surface
being located proximate an opposite edge of the heat transfer sheet from the second
undulating surface, and the first undulating surface is located between the second and third

undulating surfaces.

16.  The heat transfer sheet of claim 12, wherein the heat transfer sheet includes a plurality

of alternating first and fourth undulating surfaces.
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features includes at |east one of: ribs and flat portions. 19. The heat
transfer sheet of claim 12, wherein the sheet spacing features includes
flat portwonsiomeeat e cl osed channel flow passages. 2@CcTASb@asketo7é or a
rotary regenerative heat exchanger, the basket conprising: a franme; and at
| east one heat transfer sheet conprising: a first sheet spacing feature

ext endi bg 2! Pl fiEal B! AT 1208RLBURARAS bl e DAL 2

direction of gas first sheet spaci aturedefining a first
por t i onforhing thé fivst paddatiey hefase andiffereathace péakiegicak heighf efithslubes ; a second
sheet spaci ng[ feature extendi ng al ong the heat transfer sheet substantially
par al | eformingithesqcopd pndifaling ¥ng feature, the second sheet spacing
feature defining a second portion of the flow passage; a first undul ating
surface di sposed on the heat transfer sheet between the first and second
sheet sHaci nbhe leat traesferashdetadiclanmrig, whedinradclpof the dinst@hd sévonflIsheet ppessmge,

the firgt undulating surface bein orned by | obes extendi ng al ong the heat
t ransf a%‘FFéé’c‘CIB‘%rSé?le@Ft G Aips %l%ﬁ&l{p%log&fi rst angle relative to the

first and second sheet spacing features; a second undulating surface
di sposed on the heat transfer sheet between the first and second sheet
spaci ngl9. eat Tielseantransderfshaétrod chithddr wherpinrthé sheetdpating fédtanes pebuiggéat t he

second undul ati ng syrface bei fornmed by | obes extending al ong the heat
transfeﬁ’o"gﬂ‘égetf’cbeg‘fea‘ﬂ? M@ﬁw&aﬁﬁgﬁat a second angle relative to the

sheet spacing features, the first and second angles being different.

20. A basket for a rotary regenerative heat exchanger, the basket comprising:
a frame; and
at least one heat transfer sheet comprising:

a first sheet spacing feature extending along the heat transfer sheet substantially
parallel to a direction of gas flow, the first sheet spacing feature defining a first
portion of a flow passage between an adjacent heat transfer sheet;

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

a first undulating surface disposed on the heat transfer sheet between the first and
second sheet spacing features and defining a third portion of the flow passage, the
first undulating surface being formed by lobes extending along the heat transfer sheet
parallel to each other at a first angle relative to the first and second sheet spacing
features;

a second undulating surface disposed on the heat transfer sheet between the first
and second sheet spacing features and defining a fourth portion of the flow passage,
the second undulating surface being formed by lobes extending along the heat transfer
sheet parallel to each other at a second angle relative to the sheet spacing features, the

first and second angles being different.
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