| MPROVED WAVY HEAT TRANSFER SURFACE The invention réfat’'és to wavy heate*
transfer surfaces of heat exchangers and in particular to the inprovenent

of fhe heat transfer rate of such 5 surfaces. Heat transisr

enhancenent by louvering or slitting plate fin surfaces in hegg:gféﬁéﬁggF%:Z(*=
has I ong been recogni zed as offerifdg significant inprovenents in
plate finned coil performance. The 10 form and arraqgenent of the

| ouvers are uni que to thelMPROVED WAVY- HEAT JIRANSFER SURFIACEhe particul ar

heat exthanger since the airflow characteristics vary with the type of

pl ate TEEn -surface. The airflow characteristics of a surface depend

upon whet her the 15 surface.is fla corrygat ed or wavy, .and depend
upon the arrangement 0F% hé‘nﬂggglﬂ‘angé‘ﬁtﬁﬁbegg Bt %%?‘%{acﬁa

today increase t %r@% r P t Ll . e t
transfer surf ac% S g:ﬁest %é&%ts %‘é‘%ﬁ%%o%di g%ug’%glté'\gﬁg%%‘? g'_g!f%_nt 20
condenser. "bwe‘iﬁpro%i{]érf-l{:e el fAEes RESt "ehkrafdehras Jahen t&e c&dé%l S
used as an evaporator, the heat transfer perfornmance i s not inproved Dby

| ouveringgor sliGhirdgddedae plate fin surface. Additionally, many previous
plate fin surfaces suffer fromhigh air-side 25 pressure drop, which

nmeans that nore power Heat! eOt-a8éfer enhancement by 1louvering or

slitting plate fin surfaces in heat exchangers has

longs been recognized as offering significant

N improvements in plate finned coil performance. The
10 form and arrangement of the louvers are unique to the

type of plate fin surface used in the-particular heat

exchanger since the airflow characteristics vary with

the type of plate fin surface. The airflow
characteristics of a surface depend upon whether the

15 surface is flat, corrugated or wavy, and dépend upon

the arrangement of the heat transfer tubes. Most

surfaces known today increase the heat transfer

L performance of the coil when the heat transfer surface
is dry, such as when the coil is used as a refrigerant -

20 condenser. However, when the surfaces are wet, such

as when the coil is used as an evaporator, the heat

transfer performance is not improved by louvering or

slitting the plate fin surface. Additionally, many

previous plate fin surfaces suffer from high air-side

25 pressure drop, which means that more power is required



2 to hove air through the coil. US Patent Nunber 4,°860, 822 discloses s
sinusoidal plate fin surfaces having | ances | ocated at each peak and trough
in the area between the heat transfer 5 tubes. Simlarly, European =«
pat ent application EP 0 325 553 Al disclgses sinusoidal plate fin surfaces
havi ng apertures | ocated at each peak an@ trough in the area between the

heat transfer .S, t u ns 4,817,709 and 4,787,442 clearly
show 10 "%%I %Yﬁ/i'%gg" tggghsgan%ﬁlg .gé’a't.ed after .each peak and trough

in the area betwe t t ) e U : tSs Y
4,614,230 and 3, 38??7%?#%?% exarrpi es‘bééjgb%tﬁe%t giﬁﬁ}g%tes o%vl a s%- H| g%Jf o
between the hegiatéapshesut¥heasbihvihb! Lafices! 1R ItUN YU dih peait OCat ed
in the areas between the heat transfer "tubes. Neither of these |ast

mentioned pat ein@ airoulit eGhedthe \Wrea Phatwedn tHef agest Wilglsf@ans that
their airflow characteristics will vary considerably fromthe airflow
charact®ri sti csube.a \snildrly, fEGrdfean  patientacepplichagion ®p gt of
the invention to solve the problens of the prior art plate fin heat _
exchangers. Act28di55gl \A1 tlisclosesntsimuspidaldedate . fidat swcfwsge . nenber

for use in a refrigeration system 25 . sai d menber having a wavy
heat exchange havingeapertuyes skrdatediatl rechatienak pands tavugir duyhs
the.. area between the heat transfer tubes. . U.S.

Patents Numbers 4,817,709 and 4,787,442 clearly show

(@

10 = '"delta wingS" and “rampSF loca@ed afpez-gqch.peak and
trough in theuarea-between the_heat traﬁsfer”tubes._
 U,$, Patents. Numbers 4,614,230 and 3,397,741 are
examples of patents which show.é:slight.gap:between
- the heat transfer”tubgs-bﬁtﬁstill disglose.louvers
15 located in the areas between-the;hea; transfe;,tﬁbes.
Neither of these last,meﬁtioned patents:are directed -
to wavy plate fin Surfaces, whighfmeans;that;their
airflow. characteristics will vaty'considerably from
. the airflow _chéracte:istics of-;a wavy plate fin _:;
20 surface. |
It is an object of the invention to solve the.
problemg.of the prior art plate fin heat exchangers.
Accordingly, the ihvention provides a heat
exchange member for use in a refriggration_éystem:
25 .. - said member having a wavy'héat exchahge surface

having a. series of alternating peaks and. troughé



“extending over the wavy surface in a direction subsf&ntralIy?pe?pendrchar
to a direction'of airflow, the nmenber including a plurality of holes
-aligned in first and second rows parallel to the peaks and 5 t r oughs,
where the first and second rows of aligned holes are staggered with respect
to each other when viewed fromthe directi®dn of airflow, where the first
rows of aligned holes are located in alignment with every third peak of the
wavy surface an®¥trndimednever thergigvyf surfaee hbhesaardireection in
alignmest with every third trough of the wavy surface such that the peaks
al i gnechei t h t hSURSEANEIRAKL PSRRI hr e £ Re digectipnd P4t alyLaapacent
the troughs aligned with the second rows of aligned holes and where each
adj acent 15 pai reRf ARG dNOMSINY ah Pl uEadA tYoRE Bodegaprdignedy a

respective porti.on pf said surface in alignnent, w.th on the thir eaks
p p g}r?ﬁe g P p

or the third trddyh $S9 tﬁgvsiﬁﬁqﬁﬁ%ﬁ}nﬁﬁnghgér nBPRg heat
aner cuner LR pTGaUED R ate JOSSLGUoED o e et e

and troué%s on the VY’ sufTace, i nosal The

nventi on al so_inipldilegrg BrabBetl (A Sfedflede Nl AANRL Olnin

refrigeration system sard p 1 n having predeterm ned thickness 25
and conpri sing & M&xa Sﬂ‘éxﬁ%é‘ﬂi’ix‘&@i&?réﬁsaﬁc-ffé&?r@ﬁéfagtﬁérEH.'SE peaks

and troughs, the plate fin . _
rows of aligned holes are located in alignment with

every third peak of the wavy surface and the second
St 10 rows of aligned holes are located in alignment with
every third trough'of the wavy surface such that the
peaks aligned with the first rows of aligned holes are
not immediately adjacent the troughs aligned with the
second rows of aligned holes and where each adjacent
15 pair of aligned holes within each row is separated by
a respective portion of said surface in alignment with
one of the third peaks or the third troughs;
the member further including means for enhancing
heat transfer, where the enhancement means are located
20 between the peaks and troughs on the wavy surface, but
not in said respective portions.
The invention also includes a plate fin for use
in a heat exchanger of a refrigeration system,
said plate fin having a predetermined thickness
25 and comprising a wavy surface having a series of

alternating parallel peaks and troughs, the plate fin



t her et hr ough,

~alternately aligned respectively with every third peak and
trough of the wavy surface each adjacent pair of aligned apertures within

n- ' . . ,. R

4 including apertures adapted to engage heat transfer tubes

said apertures being aligned in rows which are

each row being separated by a respective portion of said surface in

al | gnment wi t s b, peR0e Slattuga aBpteaudll, Lhgahkakedd NeLoglpding

means for enhafcing

ansf er e Wavy: sur

.to be pass

od

ace,

every third 5 «

sai d heat traneﬁﬁaseetsase' BilsERANE i Af S L DR RS- Lifef 31 4G ,gtéeaks

and troughs on t X
i nvention al sogiRghades i Mek6RE OfynfiehM Ngrd S alterﬁd@é¥y3 41ifgnéar

e wavy surface but not in said respective portions:

.a-

heat exchanger, “the method conprising the steps of: form ng sald pl at e
fin to provi deraspactavelpaviitgh aevay g sefiipgolpedk ddhe@l RRAE endrdroughs;

formng first

and second staggere

rows of 20 apertures in the

plate f&n suchtrbaght hef f thet wavy eurdavd ureachr adjagaetd walir eyery
third peak of the surface and the second rows of apertures are aligned wth

every third tramggnea apartmﬁéaxwlthmhpeachdrng haanrsapamntedWMMC|ng

nmeans on said

10 .

.tran_sfer- “enhancing means. being -located betw_ee_n the

15

20

25

a respective pq:tlgn of said surface in alignment with

the.:espectivq:peak;orstrough;

the plate fin including means for-ehhancing-thei

heat transfer rate of.the_wa?yhsurface; said heat

parallel.peAks and-troughs'on the wavy su:face but not
in said respectzve portlons.

The invention also includes a method of forming

a:'plate~ fin for a heat exchanger, _the1,method,

comprising the steps of:
forming said plate fin to provide a surface

having a wavy series of parallel peaks and troughs;

_forming';firSt . and- second staggered rows of

apertures in the: plate fin:such that the first rows of

apertures are aligned with every third peak of the .

surface and the: second rows of apertures are allgned

with every third trough ‘of the surface; and
providing heat transfer enhancing means on said

surface between adjacént peaks: and troughs but not. on

respective portions of said surface. which separate
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25 ; ~surface between adjacent peaks and troughs buUt mot Jh respecttve
portions of said surface which separate 5 each adj acent pair of
-apertures within each row and are aligned with a said peak or trough. The
i nvention al so includes a heat exchanger for a refrigeration system the
heat exchanger conprising: 5 first and second rows of heat
transfer tubes which are,staggered W th respect to each other when vi ewed

from a direction®3FhaiddIaRAL sPAAF| 8 FPaytires | within| R3ChaBP% Adices

whi ch are substantially parallel to the direction of air 10 f1ow,
where eseh pl ateaFlenaierp"ﬁﬁi?‘;th 18819 iRsdk 7K “rows of apertures

whi ch a I zed d | d ecei e Iy f bes; th

ur face of each pl at e Tt ARG OF ARCDarL e ATy PR sk 1Poughs
rf ac place’ i i) oug

per pondi cul ar t 0 sEPETAPRER RN sy SHERT (g, Hend reitia s bot i i Y

aperturessof each pl ategddr bRaNGd edord aédf JRERR ¥ Hs%gr éioﬁﬁgé d

peak of the wavy surface thereof and the second rows of aligne _
apertures of eacihilchl Gird Nsb£4GEreQCFieH resHdd B edibhh obtRYY WU d

trough of the wavy surface thereof such that the peaks aligned with the
first rows of viewed from a direction of air flow;
a series of plate fins having wavY surfaces which
are.substantially parallel to the direction of air
S\t 10 flow, where each plate fin includes at least first and
second rows of apertures which are sized and located
to receive said heat transfer tubes;
the wavy surface of each pl&te £in having a
series of alternating peaks and troughs extending over
15 the wavy surface in a ﬁdirection substantially
perpendicular to said direction of aif flow, the first
rows of aligned apertures of each plate fin being
located in alignment with every third peék of the wavy
surface thereof and the secénd rows of aligned
20 apertures of each plate fin being located in alignment
with every third trough of the wavy surface thereof
such that the peaks alighéd with the first rows of
aligned'apertures are not immediately adjacent the
troughs aligned with the second rows of aligned
25 apertures and wherein each adjacent péir of aligned

‘apertures within each row is separated by a respective



al i gned apertures are not inmmedi ately adjacent the troughs allgned mnth t he
second rows of aligned 25 apertures and wherein each adjacent pair of
al i gned apertures within each rowis separated by a respective 6 portion
of said wavy surface in alignment with ose of the third peaks or the third
troughs; and each of the plate fins including means for enhancing heat
transfer mhereporhaoanninsemdnwawwasyrSace irared ilgyouerddl witlveame t € peaks
and troughs on the wavy surface thereof, but not in said respective
portions. In BheckFhirfdapeakseor; ﬁhﬁﬂﬁhﬁ?drﬁspughﬁlvﬁm¢ under st ood, an;
enbodi nent t hereof, mhlch is given by way of exanple only, wll nomﬁbe
described with 10 ©ach;epf;cthe tRl3kR. a%b%ﬁpah@?¥&§%@§vw¢@ﬁnslanM|ch
Figure 1 is a block dia ran1of a refrigeratio stem Figure 2 is a plan
view of a wavy® ﬁPﬁPﬁngg qgﬁnﬁ%@@straWPﬁﬁ%sE&%t?ﬁﬁép tofmeMS pl at e

ew oSt he b SF8 FhRRRek. Rsnhy” kbl Bheiediar Sikchd ot SR O
conbi nalion of ek fhes eedile!: pRLONES s B e g pad o 10

whi ch 20 .conpfessor, an “expdansi oh
In order. that the lnventlon _may be well

understood, an embodlment thereof, whlch 1s glven by
_way of example only, w1ll now ‘be descrlbed with
10 lreference to the accompanylng draw1ngs,_1n whlch° - W
Flgure 1 ls a block dlagram of a refrlgeratlon-”
system, _
Figure 2 is a pian.view_of a;wavy plate fin;
fiéure 3 is'a croSs-sectionai viewaofrthe1plate
15 _.'fin taken along 11ne 3-3 of Flgure 2; ,
| Flgure 4 1s ‘a cross-sectlonal v1ew of the plate
f1n taken along 11ne 4-4 of Flgure 2; and
Flgure 5 is a comblnatlon of Flgures 3 and 4.
o Flgure 1 shows a refrlgeratlon system 10 which | -~
20 lncludes a compressor 12 a condenser 14 an expansion |
valve 16 and an evaporator is. The_compressor 12
compresses a refrlgerant vapor and passes the-
compressed vapor to the condenser 14 by means of a hot
gas llne 20. The compressed refrlgerant vapor enters
25 - the c011s 22 of the condenser 14 and dlsslpates its

heat through the c011 walls lnto a pluralxty of plate



" val ve-16 and an evaporator 18. The conpressor 12 cohprésseg a
refrigerant vapor and passes the conpressed vapor to the condenser 14
- bysmeans of a hot gas line 20. The conpressed refrigerant vapor enters 25
the coils 22 of the condenser 14 and dissipates its heat through the coi
walls into a plurality of plate 7 fins, ‘or heat exchange nenbers, 24.
The heat fron1th§,refri erant vapor is transferred fromthe caoil walls and
the plate fins 2498 22T hf REFR ARIPSES ai 74 paddingaat Sogm the
condenser 14. The_conpressed 5 . refrigeran apor,_condenses a

l'i qui d>end passegegfbﬂgPﬁn eVPPEEr &f Y5 3?#(%5 t HaSe&BA 5V8h3§alve
16 to the evapor r | rises_a_p L LY Rl a I ns, .or. heat
exchange nenberS$ﬁ§8?&$héf%§%aﬁ§$%nbgaﬁeea1%8égkhéa?%él?heg§Fés§%rglfreated
10 by the CORPL ERG Ot degantd Al Sedhbsramunt afnd i QUi Llsger ant
passed to the evaporai%r Eg%ugglnegiumté?%e cogﬁéd sugh aguggFggéggES

over the gl ate fiasr28erRAtt MADTHE Solddhsts iPse Rlialedl |4 28astlg heat
is then conducted fromthe plate fins 28 into 15 t he evaporator coils

30 where the |icaléngefari gerpigeraner ivife & 2ERP6RYRJ tHdeexpl8Akion The
vaporized refrigerant is then passed back to the conpressor 12 by a suction
i ne 32 connect ivglvde w/ape atheé lévaporator 18 which comprises a

L]
L]

plurality of plate fins, or.heat exchange members, 28.
The expansion valve 16 ﬁaintains the pressure created

&J 10 | by the compressor 12, and controls the amount of
liquid refrigerant passed to the evaporator 18. A
medium to be cdoled such as air paéses over the plate
fins 28 and transfers heat to those plate fins 28.
The heat is then conducted from the plate fins 28 into

15 the evaporator coils 30 where.the liquid refrigerant
vaporizes in .absorbing the heat. .The vaporized

'fefrigerant is fhen'passed back to the compressor 12
by a suction line 32 connecting the evaporator 18 to
the compressor 12.

20 Refrigerants contemplated for- use 1n the
refrigerant system 10 include R11, R22, R123, Rl134a as
well as water and other cdmmon.refrigerants used in
multiple ton refrigeration systenms.

Figure 2 shows a single plate fin 24, 28 for use

25 in either the condenser 14 or thé evaporator 18. As

can be seen from Figures 3, 4 and S, the plate fin 24,



t he corrpressor 12. 20 Refrigerants conterrpl ated for _use I n.
the refrigerant system 10 include R11, R22, R123, R134a as wel| as water
and ot her conmon refrigerants used in mJItlpIe ton refrigeration systens.
Figure 2 shows a single plate fin 24, 28 8or use 25 in either the
condenser 14 or_ the evaporator 18. As can be seen fromFigures 3, 4 and 5,
the plate fin 228 comprigesorrvVavy éleﬁm/yexehanggcrsmgﬁaamrhavénga\a ng a
series of alternatjng paral | el peaks 34 and troughs 36. The plate fin 24,

28 includes a pTRF:Pt P ofalé-'ﬁé'r"ﬁ}?léy %aﬁélébeédne@mghgeanﬁetmrm ive.
heat 5 tra fer t ube the condenser 14 and

of \J
evapor at or ‘I'he %r?i?ﬁ? féﬁ" a?‘ér &8 ghegludesaia ephurahityt agyer ed

first and secon rows 42, 40, the r 42 40 belng paral el to each other
and al ternat el yad%?ﬁ%ﬁsw3§ ‘i (gv\% the E@Epective headughs.

36. E f th 4, h 36 dr vvs 40, 42 i.s per endicular to

t he d??ec'?l on %"E%?ér(f?% ?j#%?:i %2 at%g §h§rr8§§dﬁ"vf\?hl I gufﬁz ﬁr?st-r?gvvs
d 40 € y ug

chgpe ;Fy\gned V\n%&lﬁ%@ lvgevery*fl%l réog%{ég%iiég glq' %ﬁreﬂ‘?g’@ﬁﬁﬂ i such

that a peak 34 ﬁﬂ&ﬁé’tﬂghsﬁaggéx?tdr ‘f‘ﬁrdszc 'én&%eé%%c%wé‘ 42, 40, |

the. rows . 42 40 beJ.ng parallel to each other and

alternately allgned w1th respectlve peaks 34 and'
10 | troughs 36.. Each of the peaks 34, troughs 36 and rovws : ij
| 40, 42 is perpendlcular to the dlrectlon of alrflow - |
. whlch is lndlcated by arrows. 1n Flgures 2- 5°'Q
| The second rovs 40 are. allgned w1th every third
trough 36, whlle the flrst rows 42 are allgned with
15 . - every thlrd peak 34.. The arrangement 1s such that a
gpeak 34 allgned w1th a flrst row 42 is not adjacent a
trough 36 allgned w1th a second row 40._ Flgure 3
shows a cross-sectlonal proflle where the rows 40 have
apertures 38 allgned with the. troughs 36.- Flgure 4
20 shows a cross-sectlonal proflle of the plate fin 24
28 where the apertures 38 of row 42 are. allgned with
the peaks-34. Flgure 5 1s a comblnatlon of Flgures 3
and 4 show1ng more clearly the relatlonshlp between
the second rows 40 and troughs 36 and. the first rows
25 40 and’ peaks 34.

Means for enhancing the heat transfer rate of the



“trough- 36 aligned with a second row 40. Figure 3 shows a ¢&Foss-secti onal
profile where the rows 40 have apertures 38 aligned with the troughs 36.
-Figure 4 20 shows a cross-sectional profile of the plate fin 24, 28
where the apertures 38 of row 42 are allgned with the peaks 34. Figure 5
.1s a conbination of Figures 3 and 4 show n nore clearly the reI ationship

bet th 40 hs.36. 40 and
poaks 34, Neans ROV GhEANb A PReokBabr O ABHCPYr St tEBIRERERd Taigiage 1 n

?Eomz?ﬁg ;e):c g{ gv:‘lqﬁdf'%%ﬁé'dl dﬂanceégf g}q% ?}Eér %ﬁﬁgt%iéggie %hgif%ag? 42
the plate fin 24,55 38.95¢ Taeifé 3116 | /e e 4 € thickne 44 an
ed ower e rom TS

46 should not be rais a di stance

which is nore thanddw eg it g5, t hey thi ckosss dfed hfinalz.%ta%éé ntﬁét 2§he

of the time of filing of this appllcatlon It 1s preferred to raise or

| over the g ouver Schfrerdd 4 18nd 46 @hvuadendt Opet BaiBkal & i Tbwibed8a
approximately 3.6 tinmes the thickness of the plate fin. Two sides of the

|l ouvers 44 and 4@imtammrfarecie dlwteltire 44 n 38 thidle Dyanore dgsahaci ng
the direction of airflow. The | ouvers 44 and 46 are
three times the thickness of the plate fin 24, 28. As
of the time of filing of this application, it is
preferred to raise or lower the louvers 44, 46 a
o 10 distance from the plate fin 24, 28 approximately 3.6
times the thickness of the plate fin.

Two sides of the louvers 44 and 46 are connected
to the plate fin with the open sides facing the
direction of airflow. The 1louvers 44 and 46 are

15 located between the peaks 34 and troughs 36 on the
wavy heat exchange surface of the plate 24, 28. Each
louver 44 and 46 includes two oppositely directed
portions 48, 50 extending from the plate fin 24, 28.
Whichever portion 48 or 50 is closest the nearest peak

20 34 or trough 36 extends from the plate fin 24, 28 in
a direction opposite to the direction of that nearest
peak 34 or trough 36. Additionali’y, as shown in
Figure 3, each pair of louvers 44 and 46 are mirror
images of each other. The louvers 46 .and 44 are

25 arranged in alternating rows 54, 56 which are

perpendicular to the direction of airflow and parallel
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15 " located between the peaks 34 and troughs 36 on the'vya°v§/,héat _
exchange surface of the plate 24, 28. Each |ouver 44 and 46 includes two
oppositely directed portions 48, 50 extending fromthe plate fin 24, 28. .
Whi chever portion 48 or 50 is closest the onear est peak 20 34 or trough
36 extends fromthe plate fin 24, 28 in #%i rection opposite.to the .
direction of that .neares gk .34. Qr. trou 6. Addi tionally as _shown
in Figure 3, e%&% Pegﬁ(ﬁog’gl\/@?‘s? %fo sggagreTFher 8P‘ﬁeﬁ§‘gé’§‘ Bf‘degc,sh

ot her. The | Qe & 2. -gnge i g akt ' r,OWS
54, 56 which ar éﬁgzei%&gnqglla%sgr&-t %%ﬁ?e%‘."?e;‘f:t I on%? giorc%ILtc?\%r%%dl;g%rMel
10 to the peaksg i tErEE‘-%@alg’@- 4h OH¥8(18h 43§r3d 46 are mrror inmges
of each other anl _ arregﬁ ocat ed on t%e Egllges 0?@,[ %e_peaks 34 and troughs 36.
It is critically '”ﬁ@.t?@tcibﬁicémigleﬁb%&%% that thé618G9ep8t 4ls0cat ed
in portions 52 of the wavy heat exchangée surface which separate each .

adj acents pair afe adi@nAdtaliddtes 88 poldtiomeacie obft hthd iwaty 4Beakd

second 40 rows of aligned apertures and are aligned with a respective peak
or trough 34, exthangellBurfidte whiclirsepgearete eachhadfjaveatspdbrant 48

I ncreases the heat transfer performance of the plate fin 24, 28 whether

the wavy heat  -eidynegt aperturess3gewithior pach of the first 42 and

second 40 rows. of. aligned '-a?ertures ‘and are "-aligne'd
with a’ respective peak or: '.t-rdugh 34, : 36.. Thié
10 arrangeﬁlent of the louvers 46 ‘and 48 increases the \J
heat transfer perfor_'manCe- of: .the. plate fJ'..n..'-24_, 28
- whether -t_he “wavy heét 'éxchangé'- surface is wet or dry
and at the same time minimizes air side preééinﬁe drop.
It will be underst_:oc_»d' that: an- adVahtage.' of the plate
15 fin 24, 28 is that it . is: suitable for ..use. in a
condenser or an. evapofator .
Although the present invention has been described
in. connection with the _pre-ferfed. embodiment above, it
is apparent that many alterations and modifications U
20 - may be made as lohg as the location of the heat’
transfer enhancing means remains substantially as

‘described above.



“and at. he sanme tine mnimzes air side pressure droﬁ. I't W'kl <be

under st ood that an advantage of the plate 15 fin 24, 28 is that it.
.is suitable for use in a condenser or an evaporator. Athoughh the present

i nvention has been described in connection with the p1

above, it is apparent that many alterationdland nodifi

AN L) -

be made as long as the location of the heat transfer ertharici hg means *
remai ns subst ant iSHAAMSES descri bed above. CLAIMS: 1. A heat exchange

menber sfor use in a refrigeration system said nenber

havi ng a wavy heat

exchandes surface 5 having a series of alternating peaks and troughs
ext endi ng over the ma¥¥ surface.in a dir cti%n substanti al | fer endi cul ar
di ?31’6 gebrkLon

Heat RERENGE men,

to a direction of fair

Rg 45F1 tRafi%

aligned in first cond rows parallel to the peaks and 10 t r oughs,
where the first arfd second rows of aligned holes are staggered with respect

to each other when vi eyeds ffaMdNendifs! LOWaRYy Hedd Whcbipe Lheelbist

rows of aligned holes are |ocated I1n a

gnnent “wi th every t pea

wavy surface and fRAmpCANdsdBies of OWI t¥irmlt SRPCRAKES ARE | OFEEgRs N

alignment with

10

15

20

25

extehding over the wavy surface in a direction
substantially pérpendicular to a direction of airflow;

the member including a plurality of holes aligned
in first and second rows parallel to the peaks and
troughs, where the first and second rows of aligned
holes are staggered with fespect to each other when
viewed from the direction of airflow, where the first
rows of aligned holes are located in alignment with
every third peak of the wavy surface and the second
rows of aligned holes are located in alignment with

every third trough of the wavy surface such that the

'peaks aligned with the first rows of aligned holes are

not immediately adjacent the troughs aligned with the
second rows of aligned holes and where each adjacent
pair of aiigned holes within each row is separated by
a respective portion of said surface in alignment with
one of the third peaks or the third troughs;

the member further inéludinq means for enhancing
heat transfer, where the enhancement means are located

between the peaks and troughs on the wavy surface, but



every third trough of the wavy surface such that the peaks aI [ gned w th-the
first rows of aligned holes are not imedi ately adj acent t he t r oughs- :

aligned with the second rows of aligned holes and where each a
pair of aligned holes within each row is igeparated by E!mﬂimﬂ “ Egﬁl i on
a

-
L]
L

of said surface in alignnment with one of the third pe

troughs; the nemierid ussaibdrrespéctivg peatioher. enhanci ng heat transfer
where the enhancenent neans are | ocated 25 bet ween t he peaks and
troughs on the wavy surface, but 12 not in said respective portions= 2.
A heat exchange nenber according to claim1, wherein said heat transfb(‘
enhanci ng means conpki deat og¥enangs membex aﬁ%ﬁlr&(cﬁang‘élmbéh
according to claim 2, wherei'n each louver is paired with a second | ouver
formed in its mhexpin said Qeat ETRESE & GNHARS FFORPARE c SOHPRE S8 cl ai m
2 or 3, wherei each louver has tw oppositely directed 10 :

el ements. 5. IS exchange merber according to claim4, wherein the

| ouver element of each |ouver closest to the nearest peak or trough extends
fromthe nmenber in a direction opposite the direction of the nearest. peak

5 3. A heat exchange member accord:.ng to claJ.m 2,
_whereln each louver is pa:.red w1th a second louver

formed in J.ts_mlrr.or image.

4. A heat exchange member accordlng to cla.Lm 2 or 3,
wherez.n each louver has two oppos:.tely directed

10 " elements.

5. A heat _emchange_ member according to _-_claim 4,
wherein. the. lonver element of each louver closest to
' 'the nearest_ peak or trou_gh extends from the member in
a direction opposite the direot—ion of the nearest peak

15 . or trough. o : _ . _ -

6. A heat. exchange member according to any one of
claJ.ms 2 to 5, where:.n the amount of protrus:Lon of
each louver from the member 1s not greater than four

tlmes the th_lcknes_s of the membe_r.

20 7. A heat exchange member _accordling__ to claim 6,
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15 -=or trough. 6. A heat exchange menber according to any-‘one of
clains 2 to 5 wherein the anount of protrusion of each |ouver fromthe
‘menber is not greater than four times the thickness of tmmml MNLML
7. A heat exchange nmenber according to claim®6, 13 itk ci ! nt
of protrusion is not greater than three tih®s said thickness.” 8 "~ A heat
exchange nenber according to claim6, wherein said amount of protrusion is
approxi matel y 3. Bhgrein spilgesameaint ofi poedsaision ispnetatgrsatemdgehamnber
accordiag to any one of clainms 2 to 8, wherein two sides of each |ouver are
attached-to the FBHEBEr tiPEes EKagddatthiGkNESs- use in a heat exchanger of a 10
refrigeration system said plate fin having a predeterm ned thickness and
conprising a wavy surface having a series of alternating parallel peaks and

hs, th I fig i.ncludin d d . h f
L S, R R B SRR AR i T
whi ch .ali I i | Kk
cvery third trousResRihadid sHBEHE SERRALITS Yol 4 AR dhedAu £ 61 P PNs 27
5 times said thickness.

9. A heat exchange member according to any one of
claims 2 to 8, wherein two sides of each louver are

[ attached to the member.

10. | A platé fin for use in a heat exchanger of a
10 refrigeration systen,
said plate fin having a predetermined thickness
and comprising a wavy surface having a series of
alternating parallel. peaks and troughs, the plate fin
inc':luding apertures adapted to engage heat transfer
15 tubes to be passed therethrough, said apertures being
aligned in rows which are alternately aligned
respectively with every third peak and every third
trough of the wavy surface, each adjacent pair of
aligned apertures within each row being separated by
20 a respective portion of said surface in alignment with
the respective peak or trough,
the plate fin including means for enhancing the

heat transfer rate of the wavy surface, said heat
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allgned apertures within each row bei ng separated by 20 a respectlve
portion of said surface in alignment with the r trough, — __
the plate fin including neans fof-enhancing the\mﬂﬂl‘m“BHmHMt e of the -7
wavy surface, said heat 14 transfer ephanci ng* neans bdind | bcated

bet ween the parallel peaks and troughs on the wavy surface but not in said
respecti ve pdrtamser - ehhancAng aheahsn leeinyy dilbgatedc| bétwdén whies ei n~sai d
5 heat - transfer .enhancing neans conprises- |louvers arranged in -

pai rs on eaclparaklel pegicsland traugis iR .theA waat sunfrace dartdinok toxcl ai m
11, wherein each | ouver rises a first portion exteéending fromthéplate
f|n in one di¥ecdaih éﬂﬂpangéﬁénﬂ°p§lpn§n 10 extending fromthe plate
finin adifferent direction. 13. A plate fin of claim 13, wherein said
directions are opposite. 14. A plate fin according to any one of clainms 10

to 13, wherein said heat transfer hanci ans exten fron1the
plate fin a dilktarftePRFENELE SFCRE Lfrdgt? s%t?d B @Hé‘i’-@r b

t hi ckness. wher ei n ald dlstance i's

t di t | 14
appr ox nat el 3"?% H‘ﬁﬁgsgﬁrdacc %ﬁ‘:?n .Oﬂ%gﬁ% ﬁg’f'grf‘ﬁﬁ ac P to claim

14, wherein Sailzdanged in pairs on each side of a peak or trough.

12. A plate fin according to claim "11-; wherein each
louver comprlses a first port:.on extend:mg from the \J
plate fin in one direction and a second portion

10 extending from the plate fin in a different direction.

13. A plate fin of claim 13, wherein said directions

are opposite. |

14. A plate fin accordihg to any one of claims 10 to
13, wherein said heat _trans__f'_er enhancing means extends
15 from the plate fin a distance which-is at"_nios_t four ~

times said predetermi_n'eii thickness.

15. A plate fin according to claim 14, wherein said

distance is approximately 3.6 times said thickness.

6. A plate fJ.n accordlng to clalm 14, wherern said

20 dlstance is at most three tlmes said thlckness.



20 -distance is at nost three tines said thicknesSs- —

formng a plate fin for a heat exchanger, the nethod c | S] ps
of : -formng said plate fin to provide a surface havi ngﬂmmmmglj&ﬂm
paral | el peaks and troughs; 5 formng first' ' L .
staggered rows of apertures in the pl atelfin such that the first rows of

Fous of aper tur sl e Ml PSBH% Ph ARFTARS A1 PAOGEN Brt HPRuf aRestand
10 T~ provj.dj t ansf.er enhanci ng. meaps_on, _sai d surface

bet weeM™adj acent eﬁ‘ce%’kr%%%g’ tér%eug‘fies Tt %%T‘préﬁg%xégpg%?i ﬁgeBﬁr?%Ons of said
surface which separat dj nt LL OF.:Aap u ithip e and
are aligned with a saief pea orsg?'?ougﬁsk%S tif 8%3 E&%‘}#gﬁ:og a%&c%r?%l&%lg to

lai m 17, wherei i | LgRd ;b
cl ai m or i hatAidl Pty U R G e Sks 24 RaPERULERL;DY

form ng | ouvers which "extend from I'n a distance at no
times thegthickness ofedhgimy atfddt). ahl AdESAPd NeLy&h-&d tPofsal g¥18,
wherein said 20 di stance is approximtely 3.6 tines said thickness.
20. A et hod acceipdirttrids Gliithel BlatherennsaehdtHast BREEFfipsBlroNSt ot hr ee
times said thickness. _

apertures are aligned with every third peak of the

s & Y
.
. N .

f

surface and the second rows of aperturés are aligned
with every third trough of the surface; and

N 10 providing heat transfer enhancing means on said
surface between adjacent peaks and troughs but not on
respective portions of said surface which separate
each adjacent’ pé.ir of apertures within each row and

are aligned with a said peak or trough.

15 18. A method according to claim 17, wherein said heat
transfer enhancing means are provided by forming
louvers which extend from the plate.fin a distance at

most four times the thickness of the plate fin.

19. A method according to claim 18, wherein said

20 distance is approximately 3.6 times said thickness.

20. A method according to claim 18, wherein said

distance is at most three times said thickness.
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21. A heat exchanger for a refrigeration system the heat exchanger -
conprising: first and second rows of heat transfe@"ﬂmﬁ ' e
staggered with respect to each other when 5 ﬂﬂﬂ“ﬂmﬂlﬂm ction of
air flow, a series of plate fins having wavy surfades®which® arse «
substantially parallel to the direction of air flow, where each plate fin
includes at |eay. fix Sie@bdeseitander 006r 04 2REFEHEEatWINC By@tens 22k and

| ocated 10 to receive said heat, transfer tubes; the wavy surface of
each plate finHheat nexchangeescohpriséngati ng peaks and troughs extendi ng
over the wavy surface in a direction substantially perpendicul axo
said direction of aififsbwanchesécopd Ipws off cheatf tiramsfer apmkeas es of
each plate fin being located in alignment with every third peak of the wavy
surface theredihigihdarehstagegesned noth bespartgted earlkt aEbsroWwharh
plate fin being |ocated in alignment with every third trough of the wavy
surface & her eofVigyed framcd dhRecER@npeAK3ILE tdA¥d with the first rows of

Seedne S b o G i e R S e S |
S5 d wavy surfdE | FUBPRSRRIAL Y (BRERLLGH 5 Eofr Apekid PRoAt rd
troughs; an_d flow, whére each plate fin includes at least first and
second rows of apertures which. are. sizgd_ and located.
10 . ~ to receive said heat. transfer tubes; o o U
the wavy surﬁace. of each plate fin having a
. -_series_ of alﬁe_rnating péa_ks _an_c_i troughs e_x_t.end__ing over -
the wavy surface in a direction .__subétantially .
perpendic_ul_ar to :_sa_id_ di#e_cti_qn_ of air flow, | the. firét-_
15 rows of aligned apertﬁr_es of each plate fin being
: J.oca_-t_'ed in align_ment; with every thi_rd peak of_ .the wavy.
surface thereof and ___the. second. rows of. . aligned
aper.'_tures. of eéc_:_h .plateg_ fin be_ing located in alignment

with every third trough of the ‘wavy surface thereof

C

20 such that the peaks aligned with the first rows of
aligned apertures are not immediately adjacent the
troughs a‘,ligﬁed with the second rows of __aligned ._
apertures and wherein each a.'djac.ent pair of aligned
apertures within each row is sgpar_ate.d by. a respective.

25 portion of said wavy surface in alignment with one of

the third peaks or the third troughs; and



"17 each-of the plate fins including neans for enhancrnQAheaL—%Lans#e#~mﬁere

the ephancenent neans are | ocated between the peaks an vy
surface thereof, but not in said respective portions. wér“"ﬂﬂm ug
exchanger according to claim 21, wherein said enhance S

|l ouvers. 23. A heat exchanger according tolélain122 mhereln each | ouver is

paired with a second | ouver forned in |ts m r.ror E -24. A heat
exchanger accordi ng t FaFhi A2 the 23 aﬁﬁer@?ﬁseaéﬁc BG%@F h@gaPﬁo for

SR ! cridtC U feaf ol AR5, ARSI £LEM8
i recti on opposi P4 HSH L eS‘”fﬁé@r%*é%%?%s%rﬁ%?%‘%ﬁ%ﬁ OF e
g?g{]?ﬂg?cnaggogglﬁ%&@% ouver k?“Lom a sali fi&ap%t eggk?n&{sb%gg gre %rOI han
four times the thickness of the plate fin.

5 22. A heat exchanger according to claim 21,.wherein

said enhancement means comprises louvers.

23. A heat exchanger according to claim 22, wherein
N each louver is paired with a second louver formed in

its mirror image.

10 24. A heat exchanger according to claim 22 or 23,
wherein each 1louver has two oppositely directed

elements.

25. A heat exchanger according to'claim'24, wherein
the element of each said louver closest to the nearest
15 peak or trough of a respective wavy surface extends
from the wavy surface in a direction opposité the

direction of said nearest peak or trough.

26. A heat exchanger according to any one of claims
22 to 25, wherein the amount of protrusion of each
20 louver from a said plate fin is not greater than four

times the thickness of the plate fin.
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27. ATheat exchanger according to claim26, wherei N ~sai-e—amount

protrusion is approxi mately 3.6 times said thickness. anger
according to claim26, wherein 5 - said anmount of mﬁ mm“ﬁf“mﬁm
greater than three tinmes said thickness.189. A heat exchanger maceor el ng

any one of clains 22 to 28, wherein two sides of each |ouver are attached
to a said plate7fi nA beat excsmng'e_ﬁr haatordihgnger fla@imiszs | nwherein
refrigeration surface substantially as hereinbefore described with.
reference to tBaidcemowatyiafy Riretrwgion3is AppraxdnEtelyubdtantimeby--as

her ei nbef ore described with reference to figures-2 to'5 of the 15 >4
acconpanyi ng dFadAngbickness.

i : .r,s

28. A heat exchanger according to claim 26, wherein
5 said amount of protrusion : is not greater than three

~ times said thickness.

'29._ A heat exchanger according to any one of clainms
22 to 28, whereln two 51des of each louver are \J

attached to a sald plate f:.n.

10 - 30. A heat exchanger for use in a refrigeration
surface substantlally as. herelnbefore described with -

reference to the accompanying drawings.

31. A plate fin substantlally as. hereinbefore
descr:.bed w:.th reference to fJ.gures 2 to 5 of the

15 accompanying drawings.
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