HEAT TRANSFER ELEMENT FOR A ROTARY REGENERATI VE HEAT EXCHANGER BACKGROUND
[ 0001] The present invention relates to heat transfer elenents of the type
found i n wotariy2esgener ati ve heat exchangers. [0002] Rotramyusc@gemerati ve

heat exchangers are commnly used to transfer heat fromfl ue gases exiting

a furnace to the incom o) rotary regenerative
t”?ﬁ%&'s‘%‘h?k E"f%l}&

heat exchangers, such as owWn as have a rotor 12 nounted
in a housing 14. ThROrImRY@GENIB?AWWEGHEA[I‘GE)Q@HANGER duct 20 and a flue
gas outlet duct 22 for the flow of heated flue gases 36 through the heat

exchanger 1. The housing 14 further defines an air inlet duct 24 and an air

out | et B‘A:%G@ﬁﬁ p the flow of conmbustion air 38 through the heat exchanger

1. The radial partitions 16 or diaphragns defining
conpartnments 17 therebetween for supporting baskets (franes) 40 of heat

t r ansf §0004] EheptasentTmmlom wlgtes gmattratsiforeldnesants exbhmgéountd insotdiwi ded i nto
an air _sector 21 as sector by sector plates 28, which extend
acrossretgﬁ%erﬁ% e% A%facent the upper and lower faces of the rotor 12.
[0003] Fig. 2 depl cts an end el evation view of an exanple of an el enent

basket [«ﬂszb ROt kddanétafi@iheat exmhahgerd fretbi tifvareiranstWtichefroml fijtea few
el ements 10 are shown, it will be appreciated that the basket 40 w |l

typi cakdsgs peiting plfeaacd tohenepmingconthusien aianCoavengepalitplap igeenerativie
| 1 | | t
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ai r or Thé Heug@si4 @&ﬁﬁéh flaefgag triletglut o2 (Farglsa flde gasdbulet duee2hbr tiid flew gés st ream
36 is directed through the gas sector of the heat exc?tg ger. 1 and t ansfers

heat t Beateblleg Saehie w&bﬁh? Reatesphangtiolis e hase; g b elenings anmieiniienent s
10 ar edw% An@LALRDuAROH L 8k tl:ln,BﬂEQ/ &ffasm%guo%ea%mhmu h g ﬁbﬂaaexc%g@nger

1, whe the conbustion air stream 3 directed over the el ements 10 and
is therleﬂ‘he hetat EZ;IhasIradlatlbwntldnmrlrfsomm}mﬁgmydafmwmarwntﬁelé?t exchangers,

t he el ene 10 are stationar nd t aj.r d nl ut | et
portio f‘g]e?"fff?g Wis’ﬂ‘é‘néi’agﬁsa&@mes? %%B%l]‘eagf}ﬁnsgﬁse&éé’ﬂﬁ“%t sﬂﬁorlofal%ns of
conventd Qnghti &l W@%&aﬂ&r'ms ahadduato Bl Af dc0ids bhda fiad @asF de@tor Hy deRbCt s a
cross-section of one of the conventional elenents 10. Typica el enent s

I
10 ar ephtas@B, shisbtestent atrosaihe howsing 4 A adiadent the unpeuaisl lower feesrfrthe taiet ous
notche?ZSO and undul ati ons 65.

[0003] Fig. 2 depicts an end elevation view of an example of an element basket 40 including
a few elements 10 stacked therein. While only a few elements 10 are shown, it will be
appreciated that the basket 40 will typically be filled with elements 10. As can be seen in
Fig. 2, the elements 10 are closely stacked in spaced relationship within the element basket

40 to form passageways 70 between the elements 10 for the flow of air or flue gas.

[0004] Referring to Figs. 1 and 2, the hot flue gas stream 36 is directed through the gas sector
of the heat exchanger 1 and transfers heat to the elements 10 on the continuously rotating
rotor 12. The elements 10 are then rotated about axis 18 to the air sector of the heat
exchanger 1, where the combustion air stream 38 is directed over the elements 10 and is
thereby heated. In other forms of rotary regenerative heat exchangers, the elements 10 are

stationary and the air and gas inlet and outlet portions of the housing 14 rotate.



[ 0006] Notches 50, which extend outwardly fromthe el ement 10 at generally
equal |y spaced intervals, maintain spacing between adjacent elenents 10
when t he wbenans1310 are stacked as shown in Fig. 3, anectrhusgowosnrsi des of
t he passageways 70 for the air or flue gas between the el enments 10.
Typically, the notches 50 extend at a predeterm ned angle (e.g. 90 degrees)

a1 J0OSE T3 ep bt I ERRMENOMI IR 16 I Rha [ uichiip i "

pr ovi deepicsardres-sodticnndwhnabl dms:oﬁwmrouglaﬂemerss 1@5Tepit@lydElempebsteen
adj acent n t ches E t an ac te a[lgiae Au to the, f|OWﬁ eat ‘gﬁcgﬁnge
f1uid, Sieﬁ]oﬁ %¥§ gt Byver Ené}i‘% ongor fr’iﬁ’rq:YadlougnOt? & |BEHGHE™E5 have

a hei glgg. of Hu and act to increase turbulence in the air or flue gas

flow ng through the passageways 70 and thereby disrupt the thermal boundary
layer that would otherwise exist in that part of the fluid medium (either
ai r or [0006¢ Npaches 401 veldelmextend ottevagily fl@cethofeletntrﬁélt &0 ehganerally eqrHly spreesk ence
of an u dIS ndar y. | ayer, i e

bet V\eehn ?fﬁa I@ﬁ’ing‘“aﬂ%?c{nﬁe geer[}eaﬁ{ elef’ﬁ |{H(5%nese %o{no %‘r %{a]‘flgleen

el enent§ sHAvERIIBRAS, ahd tHks Ebryn §1Qestd’ﬁthég ag%fwafyb (D@Vfoﬂtne ﬁlhbﬁﬂﬁ@g’a%&j’etwédﬁe

undul ations 65 inprove heat transfer between the elenment 10 and the fluid

medi umtheraiemerss hdr Eypiedlly, dleiniohes 59 oxigay af mpicdefernpingd angde (5899 deBBES)shown)
whi ch I ith the notches 50 of adjacent
el enen 1%1\%6} %rﬁléggﬁ“m%d@tﬁ%% rc((r?r ?thr'g\t?isfer el ements 10, reference is
made to U. S. Pat. Nos 2,596, 642; 2,940, 736; 4,396, 058; 4,744, 410;

4,553, {l(ﬁB)ﬂ] &in ad Bt @B, thﬁotch&(mB}he/&Ildzrhmgb istypicaBy eanugaedetmhirdmride f sarmsabl e
heat trgns r.rates, the 5géults ,carg var r.at her s‘,\%}/ dependi ngl pon the
Speci 1 PEURTRISHS Kt uenions fis EBHAE DPRICSE PORSHIL BoKbE YRl h REVRGPERAY and

t he un%‘#h@ﬂo%&he%%xcﬁmtﬁd iWchBd bPend e AatiQDS APTiIR VIS, aheenhanced
degree of heat transfer hey al so I ncrease the pressure drop across the
heat exothadatmers 6(5]ha@é aFlr:lghtk)f Hu dmdadldtyq inchaaseitvdbdlendean gheanr etflicedagnent s wi | |

roci oS U 41 M e BRI oY B b Rl Rl B "y

the fl wcrﬁrdraﬁemetéaaét i fhahPdrt ariuhae@m mb@uhh@ithéremEst ffue(das Jﬂadgad’eﬂtetofﬂhdll d near
the center of the passageways) will experience a | esser degree of

t ur bul ewdese oémhd: qlrrmrsréfl@r dhepgsEnea pHapurst paredSachipyuoday 19y iels fess

resi stance, t.,o fl ow never, a ti ce from
t he ungﬁp%‘%e"l}?ﬁt tr%aﬁerbe Ve ?rl icu 1%] b@)h{%%xggnetqgl nce EAdt%Ka%OH%%é}g%%Féregﬁsf er
and t helepfeassIr &tdndsblitasidl td thebine Pt RO tihahigmanaer e wdghdenss improwd ence
that is produced by the undul ati ons. An_undul atjion desi gn t hat rai' ses the

heat t ha#graasict betysen de slesment 4P gad thedluyid esdime Futhermpre, thesirmsteld  a
shape r fer as

vol |- POBaE HELR RS RETSHD Enl, SiRcit SEFRNE LA In WIEOREE! pih B0

conf i gubeheénF0 dfhaljacest di@aditt Y0.cFearxabipées of othek hem tiahefeetlements $0, it has been
customary to prov'de t ower.s t hat Lver |.as [gh-pressure air
or steé?#‘ieﬁ?"o’lﬁd’?? ﬁ%ﬁ&@%é@%gﬁ%ﬁ@ ?éék@é%ég %rgﬁ% ém g“"hsdsli'}’sz‘lesgdge any
parti crd{@ts%?gpgsr ts fromthe surface thereof and carry themaway |eaving a
relatively clean surface. To acconmpdate soot blowi ng, it is advantageous

for the elenents to be shaped such that when stacked in a basket the
passag¢dRiss Aéﬂleugm$lfcfn@|1@mnltg/e>@ydehfatvgra|bredmatlea@ferrrrares,cslﬂe ghyktcapatideen t he

el ements, whi.ch t he so0ot Ren t sheet s
for cl éaalh?n de @6%8 rngs %IBPCr‘fgéf %%%ﬁa&g setrjlg gr&a&gﬁr\,@%g;eﬁﬁg% and
al t houghke ﬂd%@hés Iaﬁd/alegaadrahaad FbF @nsipe, vailk the &ﬁ&ﬂzﬁtﬁ)n@ rp@cm@dmr athedddst i cs,
they are not very well cleaned by conventional soot blowers, SuchHépen

channeldsgrat bhest franslero they ialsodpeseaseitemprsssuie diongstoss Bie healghanggt ¢l
quant i tFY% g)f IBQJI{XZ gq‘ngl;ﬁgg% X %%@Yﬂe’ﬂ% &ﬁﬁnﬁ{xc%@ﬂét}aﬁvélgf}ﬁ?{ &%&aﬁ' ation

sensors resence o Ichis

gener althipulescgn mthdt mt &f the ﬁowmedluﬁmdaac%nrte thmeléﬂflentb,axsklm thé ﬁetchés Fig 2).

Such sensors, conmon known as "hot spot" dete f ar e Uﬁ]g

pr eventiiHgesired sn st thﬁrfb“‘b?’@%“ﬁ‘ et sinobadiagang slepicats (b6 Tan open
channe &N datﬁg fdr®m bei ng
det ect E%ﬁo{?%&?%%%g{ag%%ot etg.1J élg%* ICP&%Q %rﬁs%gebhglrrgdr S annee © 5r a

rotary regenerative heat exchanger heat transfer el enent that provides
decreased pressure loss for a given agmunt of heat transfer and that is
readily cl eanabl e by a soot bl ower and conpatible with a hot spot detector.
SUMMARY OF THE | NVENTI ON



[ 0011] The present invention may be enbodi ed as a heat transfer el enent
[100] for a rotary regenerative heat exchanger [1] including: WO

2011/ 02218 0RGTI/0283010/ 041477 [0012] notches [150] extenacmgSpaovakiset to
each other and configured to form passageways [170] between adjacent heat

transf e, ﬁllgéﬁ%sﬁgf&e@?howe%&%r tajc'la’?ln tﬁ@?ﬁttxh%%vél BEtsliBge RPefhel 151]

proj ecting outwar rom opposi te SI e heat transfer elenent [100]
and haundgagormpeak bt difﬁelaiktdmuh@hb siﬁne; bptbaiSheat irastfenamduhapicoruse Jog6Ehd

extendin arallel, to each ot en. t he, no 5 each of the
T o B PP hisan th s ket P bn e paaeed By B hORe st v 11 om t he
opposi hﬁdﬁhf#«%dé&f A% BR&! tht hafi Hagsferlcai®dtaldoLARE (RaMbadrdloReald: t 0- peak
hei ght Hul ; 0014] second undul ati ons [185] extending paraflel to each

ot her benwewh\/ tarﬁéaapmtﬁl@ﬂewel[sm@presml@smendfh‘@ lswenthd haziduanafer anwell.185)
i ncludi ng | obes [181] pr 01 ectl ng outwardly fromthe opposite sides of the

o1 os SRR Pesl VTR AR pO R W B R SRR N ATl RedlS; O 1 T2

el enmentcldhddfld. Totlean ﬂﬁte%m{erf[@ gﬂﬂ@ Ibaéri Mﬁtdﬂ@ﬁjf tepohaRrgest Hldversnigdt delivey a
[ 0016] notches [150] extendi n% parallel to each other and configured to
for m p&ias @@mqusweplr@eﬁm hraugh terpsyages betvaristhe slagkhrlements 100] , each

of the, Mcf‘gg % lelc géﬁl’}%xh ée'S&;LeB I fl@'d}’g{jz{om
opposite si Y %I%t e he ? Sranst er erren{ %%fa‘r W%S@%]Rw?l rst undul ati ons
[ 165] d@lstpmﬁdlehxetumea The&conhales sbdﬂﬂ])wlrtgt\& if ad\&htagamslfa)t thorken{chG5p
extendi ng parallel to each éher 51( aving a w dt
e Shaped such that when stacked in a basket the passageways ale su 01ent1y open to
provide a line of sight between the elements, which allows the soot blower jet to penetrate
between the sheets for cleaning. Some elements do not provide for such an open channel,
and although they have good heat transfer and pressure drop characteristics, they are not very
well cleaned by conventional soot blowers. Such open channels also allow for the operation
of a sensor for measuring the quantity of infrared radiation leaving the element. Infrared
radiation sensors can be used to detect the presence of a “hot spot”, which is generally
recognized as a precursor to a fire in the basket (40 of Fig 2). Such sensors, commonly
known as “hot spot” detectors, are useful in preventing the onset and growth of fires.

Elements that do not have an open channel prevent infrared radiation from leaving the

element and from being detected by the hot spot detector.

[0010] Thus, there is a need for a rotary regenerative heat exchanger heat transfer element
that provides decreased pressure loss for a given amount of heat transfer and that is readily

cleanable by a soot blower and compatible with a hot spot detector.

SUMMARY OF THE INVENTION

[0011] The present invention may be embodied as a heat transfer element [100] for a rotary

regenerative heat exchanger [1] including:



[ 0018] second undul ati ons [185] di sposed between the notches [150], the
second undul ations [185] extending parallel to each other and having a

wi dt h WiavowhereersiWil is not equal to Wi2. [0019] The pcedmsat10iomment i on
may al so be enbodi ed as a basket [40] for a rotary regenerative heat
exchanger [1] including: [0020] a plurality of heat transfer elenents [100]

stac ke(ﬂomrz] $BRHEI 11561 éztem@fgaqaﬂém ERY: o Phdl i (%%r&i ﬂérf@hh biss@fevRgSageways

[170] Detween adj acent heat transfer el enents | owi ng a heat
exchan@E7(] Ibatvecen ladjaetrd thastdransisaclamehis W) hesgh o ﬂ@r@fi@es él Sieeludifg 00]

par al 1 415% 6 BRGSO RG BoR T giPatke ot o e peLeuihE B gL B con

adj acerhgwh%@tpegl{_@@géaqzrheeé}@mnts [ 100], each of the notches [150] i ncluding
| obes [151] projecting outwardly fron1opp05|te si des of the heat transfer

el ement [100] and havi a peak-to-peak height Hn; [0022] first undul ations
[165] 49418k rﬁglﬂé&hﬁ?ﬂlﬁ%kﬁ%ﬁl&ﬂﬁﬁf&kl E%%’f\ﬁgéﬂlef h@“ﬁ@‘ﬂ éfr?]étotthsbll Oleach of

t he f|r : mardly from
t he opp%%} Hyh%% @ﬁm%%gﬁkgg?&?ggh tk?EﬁﬁAé&ﬁ&%fgg?hﬁggpﬁgng peak-t o- peak
hei ght obbdsiteaittds OO katsennfed clendut [HOD pins/ifglB8pdakewtpenkihaighpldnkldndl t o each
ot her between the notches [150], each of the second undul ations [185]

i ncl udi obes [1 .proj ecting outwar th ite sid f th
neat ¢ 1Al SrecarieRarEIpof S P pLiak i B e ReaRt i HhERoPn 12
:Z)SRA{/\? il %as&ﬂﬁf’[hé"%cond aRaL 1 nsi[ $83188GudiR@ bbEl [ 1 SBRbife RS GRVRALIN: i thEHE
opposite sides of the heat transfer element [100] having a peak-to-peak height Hu2, wherein
Hu2 is less than Hul.

[0015] It may also be embodied as a heat transfer element [100] for a rotary regenerative heat

exchanger [1] including:

[0016] notches [150] extending parallel to each other and configured to form passageways
[170] between adjacent heat transfer elements [100], each of the notches [150] including
lobes [151] projecting outwardly from opposite sides of the heat transfer element [100];

[0017] first undulations [165] disposed between the notches [150], the first undulations [165]

extending parallel to each other and having a width Wul;

[0018] second undulations [185] disposed between the notches [150], the second undulations
[185] extending parallel to each other and having a width Wu2, wherein Wul is not equal to
Wu2.

[0019] The present invention may also be embodied as a basket [40] for a rotary

regenerative heat exchanger [1] including:

[0020] a plurality of heat transfer elements [100] stacked in spaced relationship thereby
providing a plurality of passageways [170] between adjacent heat transfer elements [100] for
flowing a heat exchange fluid therebetween, each of the heat transfer elements [100]

including:



[ 0024] The subject matter regarded as the invention is particularly pointed
out and distinctly clained in the clains at the conclusion of the

speci f i cavpani1/0Bbs1f or egoi ng and ot her features and advaoragesioofiidsrhe

i nvention are apparent fromthe follow ng detail ed description taken in

conj unGad : . : . i : :
part i affUAD r8lchEs (o8| AEERTAERRAG RN R ahl il i T b ot fve
heat eXthamgevcen 202261t hehtgranRfer slements ) 1 i} |agnchiio€ theafotchepf 1501 irmludied enent

basket i ncl udi ng .a f heat, t fer .el . [0027] . Fig. 3 i
per spe(lz‘lfhe\?éluﬁh ngtmgg%\g@arp}ynﬁ%{{%pgé%é Sggggﬁ’ﬁrh%atﬁ@ﬁ%fef %gmﬁtl%gf%nt s in

st ackeqiia\‘?iﬁgfaiﬁ%ﬁ-ﬂ;-b@ﬁ;heﬁ@@m Fig. 4 is a cross-sectional elevation view of
a prior ar eat transfer elenent; [0029] Fig. 5 is a cross-sectional

el evation view of a heat transfer elenent in accordance with an enbodi nent

t t . s W i
P esentath/ant FohhaRrE 1 Fy3T ine iR B SPRIGLL blnkhd SRR flaTent of The

opposite sides of the heat transfer element [100] having a peak-to-peak height Hul; and

[0023] second undulations [185] extending parallel to each other between the notches [150],
cach of the second undulations [185] including lobes [181] projecting outwardly from the
opposite sides of the heat transfer element [100] having a peak-to-peak height Hu2, wherein
Hu?2 is less than Hul, and Hul is less than Hn.,

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The subject matter regarded as the invention is particularly pointed out and distinctly
claimed in the claims at the conclusion of the specification. The foregoing and other features
and advantages of the invention are apparent from the following detailed description taken in

conjunction with the accompanying drawings in which:

[0025] Fig. 1 is a partially broken away perspective view of a prior art rotary regenerative

heat exchanger;

[0026] Fig. 2 is a top plan view of a prior art element basket including a few heat transfer

elements;

[0027] Fig. 3 is a perspective view of a portion of three prior art heat transfer elements in

stacked configuration;
[0028] Fig. 4 is a cross-sectional elevation view of a prior art heat transfer element;

[0029] Fig. 5 is a cross-sectional elevation view of a heat transfer element in accordance with

an embodiment of the present invention; and

[0030] Fig. 6 is a perspective view of a portion of a heat transfer element in accordance with

the embodiment of the present invention.



DESCRI PTI ON OF THE PREFERRED EMBCODI MENT [0031] Figs. 5 and 6 depict a
portion of a heat transfer elenent 100 in accordance with an enbodi nent of
t he presewD 20nvieatsion. The el enent 100 nay be used i n plpatasediomersvent i onal
elenents 10 in a rotary regenerative heat exchanger (1 of Fig. 1). For

exanpl ?’Eﬁ@p@%&%@%ﬁgﬁﬁgﬁ%mww Fig. 3 and inserted in a
basket ; otary regenerative heat
exchanger 1 of the type depicted in Fig. 1. [0032] The invention will be
descri peo31| MigsofHnts depicvd pdrtive béa beat érahsfebatineti 1§9.in Becandhnée withewnel enment
100 is fornmed fromthin sheet, rrehﬂﬁl capabL% of bpei ng.ro | ed.or stanped to
the deSmPedimeaheli§aPiaseninvaptighedfc ¢§BIeALI0MaRPs wict di PRGE RHENVEREY

spaced I} ' Lt g dag (1 ¥f mpd 2wt exdmmt llymaas abd el to
S S e T e e R S T

i ndi cate boystackel @vshownlimbed. Schnt AlisertTh ssebasbeichers depBladen figi2nondjeaent

el ements 100 a predeterm ned di stance apart .and.faormthe flow passages 170
bet meeﬁletlﬁ@r%mgg’&eéﬁtﬂve @ angH lé%tygﬁgepé? Sﬁ%ﬁgﬁ'oo are stacked. Each
notch 150 conprises one | obe 151 projecting outwardly fromthe surface of

the el egpzn| THOthventioNRilBbélgesefiBedinaiontection bethldferdicoji@bsth Fgsotanandl y from
the surface of the elenent 100 on the opposite side. Each | obe 15é may be

i n t he Theelemsht F00Us Sorapsedrn dinshedt metal sapabbagldeinsarofed phgampetiedie 150
directed.outwardl y.fr h t 0.4 ' [ ' ‘The peaks
153 of %f’ Weegr?g{‘% uéétl%gﬁg%lﬁﬁtagdto%g Sgﬁ?sa%ﬂe@%&g?gﬁdeéﬁ ggdleggﬁliefo\arr&saviv}ﬁltzgi n the
el ementxtkp@1onpaadingly ARl @psaximatedOparhiie tetherimrtisonldTlavayf the haatreanigagesuch

t hat the notches 150 on one el ement 100 are | ocated about nid-way.between
t he notliferasidoment H0Qes dpffieatehby Heaont ]égfil% ‘gor Irﬁf‘asiinﬁi?ﬁf’%lgﬂ)p@?‘t‘ﬁla% t hough

not Show,ed %Iehl%n%qbb%@%ﬁfrﬂdi%%sﬁﬂ@e %Jaﬁ%@%r%e TRYy V\#}d@%g‘égﬁ@ flat

regi on that extends para t e not ches 150, upon ich the notch 150
of an adjwaeriite mljimonrdeiis I 66 vhen Teelgpeaits t @ greateckesl dlach betchdéf t he | obes

151 for each not , 1.5 designated.Hn. K [0033 i, sposed t he el enent
100 beCHNEBHSESES %Fé%g@%@%%ﬁ‘dﬁ femdh ?‘Hg%‘?l?ﬁ eiegeﬁ‘j‘e“iggf’ °4 88° H'4Vi ng
two di e ﬁl?diﬁerh%@iﬁlspmﬁeﬁ&% ShtwhR8S ErofPIRRsIFRS oF t HEbtt 0@ thedul at i ons
165, 185, respectively.” WhiTe only a portion of the elenent 100 i s shown,

it wil lopbesiappleetich bietlhamayrbedhdheformode Urahaped grasye vaenbe apaksdféwés 150

w t h undul ati on 65 and 185, di.sposed, bet . each .pai. 50. WO
2011/ 0TESIET A ?%%Bi‘iﬁ?‘gﬁ‘i%’?‘?dl{’ 6‘(9%11?‘6€§é%en¥1\ﬁ§€1“a‘%pﬁ’8%‘%1%é“§§?£gfc}{s:er}%glr‘%l lel to
t he ot hes oppRWHoahit 150 dfiladd ElavRidtchi@en@its NEGohfintafrath clomehuk 200 on 165

i ncl udes one | obe 161 projecti ngoout wardly fromthe surface of the el enent

100 on spaséngsj Alealsmubotahdhhelementsd 09 enaydhecgraaeschepc thatdhenaiches daP PAEMS ur f ace
of the ele t j i i e form
of o o EREIEP0 AR @R MERORRES A Bt ineicher PP o Bk eI ER 2l y
f rom t heo ean@imudOipportoppbsiglendlishewh ioBsonteaphataf thuhibe gledienal 0bmay 165
has a peak-to-peak height Hul between the peaks 163. 035 a undul ati on
185 ox bt ﬁo%fgé?gi@ll F*@ge¥tﬁ1@5diaﬂi@fel iidaPaiehsy, : 18@%@?&3&? b Fh 150.
Each uggfgk 'ef%pne?lg ?rr%dn{égﬂfggﬁg R@Q@—td-gﬁ;&s hkfbht BEQIeBE HeNGbRUBasUagh hoRm t he

surface he e one e and anot her | obe 181 projecting
out war db9, it desigralwel Hor f ace of the el enment 100 on the opposite side. Each
| obe 181 nmay be in the formof a U shaped channel having peaks 183 of the

channel irected, outwardly f the ele t in site directions.
Each oi{&ﬁ('i?i DisRpsediey gﬁ§'ief%%1tHQQ@St@ga&qrgo?gggigﬁgﬁedwggﬁﬁgn S heaPhe peaks
183. [ Q@3618sHavRRawdREsnicidie RPidSETMhest QU@PE b, phitdlityadTdintiudtiane of
different heights. The ratio of Hul/Hn is a critical paranmeter because it

def i ned 66 hBShusispietivelty. (Vkilopas amosiomeitheelimsny E¥epsharmiewtsbe100 for i ng
passag%\ﬁg%giaéé(ghgtgk e}e?neen]; llbl(l) gna%/?ncfhll@e\’\éewlrapH&Qhes 150 with undulations 165 and

185 disposed between each pair of notches 150.




[0037] In the enbodi nent shown, Hu2 is less than Hul, and both Hul and Hu2
are less than Hh . Preferably, the ratio of Hu2/Hul is greater than about
0. 20 and weasittthrarsiabout 0. 80; and nore preferably the rarius2e/oH427 HUl is
greater than about 0.35 and | ess than about 0.65. The ratio of Hu2/Hn is
preferably greater than about 0.06 and | ess than about 0.72, and the ratio
of Hul 4 i r . I out 0. 90.
When tt@‘%ﬂh%ﬁ %ﬁﬁ%ﬁéﬁg%ﬁ%ﬁ%@%@ﬁ%@%& L{%thée} @%@Fg}s lgﬁgolﬁ‘g%%ﬁ% have | ess
ef f ect nowrhey E¥X iHagh tinddatienie, inalndesoore Ibbs 16 lefibpcting/eutwp g 8pmvthen t he

Hu2/ Hul ratiq is abov .80, the t undul ati on hei ghts are nearly equal
and thé\“‘éaqeé’?ﬁti‘erﬁlﬁﬁ?mﬁﬂg PBYEFENE 28 éPOLE?‘ﬁBEG L&t Pfo{eﬁg%%j’“t&%déy Ha ‘i\é& / Hn
ratio apg, & boh e it0688 EhaASIBBe 16 hRalMeiHhe Tadi 6fd §-f i xed.

h idé kb 1080
WO 2011/ 022131PCT/ US2010/ 0414 [ 0040] In another aspect of the present
i nvent shaped chemichaith itlduzdaksd @it ¢f thé chamhlsslirecise outvdud Bithioon herbanenhy 0he

di ff t than the indjvidual w . of h of th l.at |
i cagbePIsy todreing e Aoy Bt ¢ RERE et a Rt BT ppsieer B2,
0.20 apg pegRs14Nan 1.20; and nore preferably, W2/ Wl is greater than 0.50

and |l ess than 1.10. The selection of the Wil and Wi2 are, to a great
degree, dependent on the values used for Hul and Huz.kgr%}g of tpe overal |

obj ect i[WB5] &rch pedyhtiond 8 exicnBoprabelto die qthe ydulsdans W¢9i¢s to create
an opti : f 16 $e This
moans. Haref e dasBund HaRH| ACRAAR ode o T Aofclhe pRGRIF RN Se .

undul akindns ofeleceltehid 0deaiogaeideiand ancthedabe €8 Wpiofectihgbutgeadly fimndthehe shape
of each undul ation is determ ned ] argel h atio of .its hej toits
wi dt h. syikacsadiths dementQ0 epdheeProsite e-uﬁa‘a\y igbe o8 faruPr ths ot 667 Qf‘fect t he
quant i PGS ' R¥ndehedifkRaRRwardBEbrs Wd A&Be@N68 il SO
has ang?{a}%ggtﬁé{glﬁp{;ﬁé@%ﬁ%léﬁgg)%i‘)plﬁlggt é{r% ransfer bet vvée% the flui d and the

el emenbppodit@@dttidng. Eactt oftbe pndidasdiovitdSihas Fipgak-w:-paakdeightidhabeiowen 88 i n
convent i q%all el enents 10 are all of the same height, Hu, and are all of the
same WP 18w, Wnd tunnel tests have surprisingly shown that replacing

t he conventional, uniformundul ations 65 with the undul ati ons 165 and 185

of the [gy3$enbnd Mpe&tIraR: Fradent BIUEEo, PR 1 RIE TR e bDSiSfefinghéifhisamhe y (about
149 while maintaining the same rate of heat transfer and fluid flow. This

trans| aatesofiluldtlp dst cstisal yemetsT berauspisidations thebeakieof tharranigra ttévefessur e
| oss O];a Ia@éant %l%:'}ne psdl OTO}}‘Srnflilng%&%ﬁgeﬁ%&tlbﬁBfg{]égg\gluidqtrOW‘i}ﬁ%%Ot ary

regene I've 'neat "exchange uce ectrica r consuned by
the fans that are used to force the air and the flue gas to flow through
t he hed0037% dhérgetbod[BE4 2howWhiHw? Bd¢sswaat Hnl ahd bbth Hholuard Ihy2 thedessyhani t i s

bel i d that the diff, i n hei ght d/ i.dt h t ti 165
and 188TeTIaRY. &b 1Yo of Bl ©esidr aprrptieland 53 ERaba Ot S he
el errentn?org'?%f@rﬁﬁ?ttt 2B 08 Hut/HAH! 8R¢&tdhdl ol 838 AR 1RdRLY absnt @6 RdfIRCENt

to the surface o e elenents 100, and less turbulence in the open section
of t he rpassHgelHyss freGratinpreatee thaaradbhetr 0dgeandfless thaniabosiup 73canddhe tdtio

el enent The added turbul ence i he, boundary | increases the rate
of heatoﬁﬁ’gﬁirf BPr Sfagg'eg{e#ﬁretﬂfull gl?‘ﬂnaﬁé(s ?’P’n%gésl RAR ARt %%6 W’Sﬂ Sduced

t ur bul enperanaYiold&s delthy 6901 @6 en@fled iiRuBkiOATRA® 1dQQ TesiIVEEattng T educe the
pressure loss as the fluid fiows t hrough t he passageways 170. By adj usting

t he twunbnigntaarndareHessghieetiveHul and Hu2, it is possible to reduce the fluid
pressure | oss for the same anount of total heat transferred.

[0038] When the Hu2/Hul ratio is above 0.80, the two undulation heights are nearly equal

and there is minimal improvement over prior art.

[0039] Once the Hul/Hn ratio and the Hu2/Hul ratios have been chosen, the Hu2/Hn ratio is
fixed.



WO 2011/ 022131PCT/ US2010/ 041477 [0043] The superior heat transfer and
pressure drop performance of the el enent 100 of the present invention also
has t he astoantizgeishat the angl e bet ween the undul ati on®CIAB2@0m4 t4he
primary flow direction of the heat transfer fluid can be reduced sonmewhat,

whi | | d Nt
L g S0 S DD, O s el gatpnncommar e, Lo

of t heuﬁﬂkﬂht%rﬁﬂ%\ﬂ@&@ Heh&lfﬂmﬂlltﬂtﬁéﬂ e $ndiGdualndidithel qach ofithy uhﬂuiulumhsrl&éi i on of
the heat transfer fluid, [0044] This all ows forwugtter cl a soot
t 1

bl ower af Bdicgteddy Phd AW uRs | Sreferpbly. tisdatig v/ Wul ds giepter | aah% a‘mith:?st he
o e oA CATaRg o?eegx%@%g%y\ﬁ@ﬁ%éemwh% 080 aRd Hs€ 1R QVicdeshe better

| i ne- of "si ght enent s resent invention is conpatlble
wi t h aseledtfonarfele Wadiaatl ivoul grepto asgreat)degebathapenden[t 004t valtfeis lused foe Huhvent i on

has been_de crlbe W th refe . I b [
under s#pHUBy Qg & heqieralleps ‘?rcﬁr‘]’gi tg? gfegﬁqua%l?q%gagd[ g%rgse:qﬁgw%tl%d e and
equi valents ol (l?ﬁm%l Qﬁfo‘uﬁ%fe&bmﬁfnc@ hefrend surtlebeak cWntdeutTiHeRRids ng from

t he scope o e I nvention. In addition, many nodifications will be
appr ecittett e sthype;sha:ssxeewkd inl @obstsactide o&bethttypesodpndidatiensteeditodie designediment |

situation or ter to the chin i nvention artin
£ om 1 HoAeQlafts ith Sia el bE AP P By o S Bl IR o g 1 O
i nvent i, &1Qts RRephk tdTitd @R, Olnt d¥GitRAT tHeGUbRE oﬁfHélekiﬁﬁflbn diighs ogetdsasfdche best
node contenplated for carrying out this invention, but that the invention

will il cmetltyl df serfaescirereprosided by itheelomenip.rangd ﬁél‘fé‘&ﬂb@a Yo barendpipaciead
clai m;the amoun Ql% ﬂea%gransjf Cgl' v%fjese%qgig hgfh]a%é h&iﬂn’gﬁsmat is clained is:

[0041] In contrast, as shown in Fig. 4, the undulations 65 in conventional elements 10 are all
of the same height, Hu, and are all of the same width, Wu. Wind tunnel tests have
surprisingly shown that replacing the conventional, uniform undulations 65 with the
undulations 165 and 185 of the present invention can reduce the pressure loss significantly
(about 14%) while maintaining the same rate of heat transfer and fluid flow. This translates
to a cost savings to the operator because reducing the pressure loss of the air and the flue gas
as they flow through the rotary regenerative heat exchanger will reduce the electrical power
consumed by the fans that are used to force the air and the flue gas to flow through the heat

exchanger.

[0042] While not wanting to be bound by theory, it is believed that the difference in height
and/or width between undulations 165 and 185 encountered by the heat transfer medium as it
flows between the elements 100 creates more turbulence in the fluid boundary layer adjacent
to the surface of the elements 100, and less turbulence in the open section of the passageways
170 that are farther away from the surface of the elements 100. The added turbulence in the
boundary layer increases the rate of heat transfer between the fluid and the elements 100.

The reduced turbulence away from the surface of the elements 100, serves to reduce the
pressure loss as the fluid flows through the passageways 170. By adjusting the two
undulation heights, Hul and Hu2, it is possible to reduce the fluid pressure loss for the same

amount of total heat transferred.



1. A heat transfer elenent for a rotary regenerative heat exchanger

exhi biting high efficiency and | ow mai nt enance conpri si ng: not ches
ext endi ngvpaoald2eizit o each ot her and configured to for mppaasagenams’ bet ween
adj acent heat transfer elenents, each of the notches including | obes

proj e“[bé‘z%églg{e‘t’é@{)%ﬁ& h‘%%tglf%ﬁ@i’gﬁd f)r%ss%iréjﬁipgyfgrfgﬂﬁ%ﬁﬁ%&f S AsER 06 bemrnt and

having 'a p eak t un at1ons extendi ng parall el

]t ObeaC bredeheinyiirionedso Hab ehenalivatitege thetthb angle bbtevebn tist undotitioas i @hand thel udi ng
obes projecting outwardly fromthe opposite sides of the at. transfer

el ementPrERAY AgWadifsstre Pgt-hﬁéﬁfﬁ trapighfluid cag be geyiced SR RAtGH! ?t’él;s ext endi ng

par al | gl i @; WAPEm DG WP B8t R BOWABPSorh IR E to 88610 hixangecond

undul at |%nslrﬁl?1%%hu§ﬁ ng Tgﬁ&es pr oj ec%i ng out vvaéagl yof romthe oppg% te sides of
t he heabntenioafleonifirenenituladiaus 65 Fhiséadsd Dupelike heglghttwagn thesmsiubitionHu?2 i s
| ess t Hyl . . 2. The heat transfer_.element of claim1, wherein Hul
is | esg%gﬁ&aﬂﬁﬁ?“maly ﬂzovéa-lreﬁﬂgnﬁ the hepFsEF % rent of claim 1, wherein the
ratio of 11u2/Hul is greater than 0.2 and |less than 0.8 4. The heat

transf 80043‘] eIRO4IRHs ok BéiBr 3leaﬁ\fﬂg rb?iarkobh@oﬁv@{t jeDsifte thd 2hitilafisnsdresanern 85 han
about 0.06 and | ess than about 0.72, 5" The heat transfer el enment of
cl ai m 4rebesicsrhgnadevithathie detofF urthermare.ibscapse ardeerepssd andwation anghopigmiflep ass

t han at%oH

e ctér l?ﬁegc')f sight between the elements 100, the present invention is compatible with an

infrared radiation (hot spot) detector.

[0045] 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.



6. The heat transfer element of claim1l, wherein the first undul ati ons have
a wdth of Wil , the second undul ati ons have a width of Wi2, and Wil is not
equal to W02011/022131 7. The heat transfer el ement of cl aPoTdSesienegian Wi2/ Wil
is greater than about 0.2 and |less than about 1.2. WD
2011/0iéi§ﬁ§§T/U82010/041477 8. The heat transfer elenment of claim
1, wheret e heat transfer elenent further conprises a flat region
gisposed bet ween the notches and extending parallel thereto. 9. A
eat transfer elenent for a rotary regenerative heat exchanger exhibitin
hi gh efWhatiieplaineshs: | ow nai nt enance conpri sing: notchgs ext endi ng ’

paral l el to each QLN A0d GALLAYE £ibil9 LRNFRARSRATENAND b NRAmAT] acent

heat transfer el enents, eac es I ncluding | obés projecting
out war tkgh effﬁomqpqmislbmnmntbasna@fcotﬂpeishxgat transfer el enent; first

undul ati ons di sposed between the notches,. the fi ations extendi ng
parallel to eachr@F%€§@§ H%E?HBQéQSE @ﬁqﬁmdconﬁ@ﬂgﬂ@ﬂ%gn&ﬁaﬁggwpgns
di sposed b etb\éﬁ%nraﬁﬁc&gth%m%nsfep BleRRARNELCHRE tealot @RS ixidEneiobes paral l el to
each other and having a wdth W2, wherein Wil is not equal to Wi2.
projecting outwardly from opposite sides of the heat transfer element and having a
peak-to-peak height Hn;
first undulations extending parallel to each other between the notches, each of
the first undulations including lobes projecting outwardly from the opposite sides of
the heat transfer element having a peak-to-peak height Hul; and
second undulations extending parallel to each other between the notches [150],
each of the second undulations including lobes projecting outwardly from the

opposite sides of the heat transfer element having a peak-to-peak height Hu2, wherein

Hu? is less than Hul.

2. The heat transfer element of claim 1, wherein Hul is less than Hn.

3. The heat transfer element of claim 1, wherein the ratio of Hu2/Hul is greater
than 0.2 and less than 0.8

4, The heat transfer element of claim 3, wherein the ratio of Hu2/Hn is greater

than about 0.06 and less than about 0.72,

5. The heat transfer element of claim 4 wherein the ratio of Hul/Hn is greater

than about 0.30 and less than about 0.9.

6. The heat transfer element of claim 1, wherein the first undulations have a

width of Wul, the second undulations have a width of Wu2, and Wul is not equal to WuZ2.

7. The heat transfer element of claim 6 wherein Wu2/Wul is greater than about

0.2 and less than about 1.2.

-10-



10. The heat transfer elenment of claim9, wherein the first undul ations

have a height of Hul, the second undul ations have a height of Hu2, and Hul

i s not eqweal20t1c02b432. 11. The heat transfer el enemrcTafS2alomasnrmi,

?heaﬁin Hul Ls | ess th?n Hn. 12. The heat transfer elenent of claim
, erein e ratl ' I )

13. The hea?'tra???g?géz%%%ﬁgkgfhﬁwggﬁggg\ﬁﬁﬁﬁgy%}%ﬁgﬂ?gﬁﬁgﬁgkgﬁﬂg?ﬁﬁ S

gr eat ecotmpesesabitattredo6ispordd besweh iamadtwatnd eending parallel therethe heat

transfer elenment of claim4 wherein the ratio of Hul/Hn is greater than

about 0.30 and |ess than about 0.9. - 15. A basket for a rotary
regenerative heaty gagangsr e16xbitIbt 4 Riary ir&den6iativ € h@meycranger QWbi@igNt enance
conpri si ng: a plurality of heat transfer elenents stacked in spaced

L, e et o pasiyny, b o
of the heat trandP&™® ?QW%H?gPﬂEP%&?ﬁﬁg(nmgéﬁd%&%%gw&ybthgﬁ&%ggaﬁggn’ cach
between adjacent heat transfer elements, each of the notches including lobes
projecting outwardly from opposite sides of the heat transfer element;
first undulations disposed between the notches, the first undulations extending
parallel to each other and having a width Wul;
second undulations disposed between the notches, the second undulations

extending parallel to each other and having a width Wu2, wherein Wul is not equal to

Wu2.

10. The heat transfer element of claim 9, wherein the first undulations have a

height of Hul, the second undulations have a height of Hu2, and Hul is not equal to Hu2.
11. The heat transfer element of claim 1, wherein Hul is less than Hn.

12.  The heat transfer element of claim 1, wherein the ratio of Hu2/Hul is greater

than 0.2 and less than 0.8

13.  The heat transfer element of claim 3, wherein the ratio of Hu2/Hn is greater

than about 0.06 and less than about 0.72,

14. The heat transfer element of claim 4 wherein the ratio of Hul/Hn is greater

than about 0.30 and less than about 0.9.

15. A basket for a rotary regenerative heat exchanger exhibiting high efficiency
and low maintenance comprising:

a plurality of heat transfer elements stacked in spaced relationship thereby
providing a plurality of passageways between adjacent heat transfer elements for
flowing a heat exchange fluid therebetween, each of the heat transfer element
including:

11-



WO 2011/ 022131PCT/ US2010/ 041477 not ches extending parallel to each

ot her and configured to form passageways [170] between adj acent heat
transf er wbenamnsidieach of the notches including | obes projusetivngi4out war dl y
fromopposite sides of the heat transfer elenent and having a peak-to-peak

hei ght Hn; cac HB %)H&@&H dr&l &cﬁ%%e’?%ncﬁ’@&fﬂéu?éd tb%l‘?@ pisEihRN s bet ween

t he notches, atlons i ncludi'ng | obes prOjectlng
outwardly f o] ﬂnb@veeppdyacérmhsatdms@f elementseaich of thegiberheeingivdintg lhbssi ng a

k-t K hei ght H dul at i t el t
Bach ot nor BB LN B ePPRSERGR Of I Rk BRL RSO T TRl udi ng

| obes proj egting,. kw@{g@[{mnfromthe opposite si des of the heat transfer
el enent [ 10 [f avi ng a peak-to-peak hei ?ht Hu2, wherein Hu2 is |ess than
Hul, and Hu2 is Ifessndwarionsrextending paralB] torteh ptheabstweet heawiahey sasiealt

a8 o Bt o PRt B OB olehfind QRRL P E bndshe by ! ha
exchanger b@%ﬂ%t@ins%r%ldﬂﬂek@ha&ihga@bﬂ( tdlﬁeak&{eig(htﬂhlﬂﬂd/ Hn is greater than
about 0.3 and | ess than about The heat transfer el enent of

cl ai m 15, wher ei reqohé uflﬁllllémf@r?éﬁﬁnémgd?@éal’r@é@éeaﬁhWb&f hetyremiiie nofghes, €aetbnd

undul ati ons 19.

ite
The heat trgﬁg*eeSFco eurl?glﬁ]tago?s\%?%]fi%]&q erjgdr?}%‘%%/@} frgm\gﬁ% peorS 1than about
0.2 and | essidehanthaheatirahsier element [120] hakivgy hipaik-tbrpaais heiphtellelysviterad ¢l ai m
15, wherein the heat transfer_el errent further conprises a flat region

di sposed betliRdn lashthan Studnard HHd is!esssthan B paral | el thereto.

16.  The rotary regenerative heat exchanger basket of claim 15, wherein the ratio

of Hu2/Hul is greater than about 0.20 and less than about 0.80

17.  The rotary regenerative heat exchanger basket of claim 16, wherein the ratio

of Hul/Hn is greater than about 0.3 and less than about 0.9

18. The heat transfer element of claim 15, wherein the first undulations have a

width of Wul, the second undulations have a width of Wu2, and Wul is not equal to Wu2.

19.  The heat transfer element of claim 18 wherein Wu2/Wul is greater than about

0.2 and less than about 1.2.

20. The heat transfer element of claim 15, wherein the heat transfer element

further comprises a flat region disposed between the notches and extending parallel thereto.
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