- | - SPECI FI CATI ON HEAT EXCHANGER AND HEAT EXCHANG NG SYSTEM
Technical Field [0001] The present invention relates to a finned
tube-type heat exchanger and a heat exchangi ng system using the

same. Background Art [0002] Fig. 28 shqws a finned tube-type heat
exchanger according to the conventional technique. In a heat
exchanger 1, a plurality of thin 0~ fins 3 are attached to
a tube 2 for a fluid to fIOM/theﬁghﬁﬁgﬂgg%ﬂﬁﬁ'general, a fluid having
a high heat transfer coefficient (such as, for exanple, water, CO02,
or a HCF-based refrigerant) is passed inside the tube 2, and a fluid
having a | ow heat t T EX CIBANGER YYD fEUAR ECHANGING SMIATEMai r )

is passed outside the tube 2. [0003] The fins 3 are arranged side by
side in the extending direction of the tube 2, and heat exchange is
perfornmed betmgrfical Field d fl owi ng through the tube 2 and a fluid
supplied between the fns 3 as indicated by an arrow Al. On the

out si de [B%0ltlhe t udde mresepningentivagelates dovarfamed dehedupe heat teychanher dndrpsheat
increase a h hus allow a | arge heat exchange
anount to be%%§F§§%g§9§$%3%5§§ﬁ§%?£% finned tube-type heat exchanger
is in common use as a heat exchanger for perform ng heat exchange

bet ween gases_and between a gas and a liquid. [0004] The

above- descri RASKETEA upe- t ype heat exchanger | according to the
convent i t echni I

si de of [tg (E}gj]fi ns '11'135 ng Sggﬁ% g@%&?@ﬁgﬁpﬁg{ egp%ﬁ%g%ﬁg{gﬁg%cﬁgdhﬂﬁtgﬁﬁ%%\%? Q%Hal
surface of tHechhigns. 3inhabeadrxémaogeas apluthiyakikiagplateahmpied dina 3dee neahed

in heat transfer_coefficient. |n order to,solve this ropl em Patent
Docurent 1 qisf%éﬂ el o Rl &bﬂ‘é{ﬁb%ﬂhmgﬁ- f hgeﬂﬁgﬂ}i %éﬁaﬂuﬁa‘f _ahlgth heat
rai sed porti epssfel BeefEntaBEthr Al &9¢xRAPk! QA EOY bdadidnpile tiRsrass
a |l eading edge effect by which the t hi ckness of 'a boundary | ayér of

a flow in theassedimsidethefubg 2sand abeid havingladofiheset termnfeh eoddBairrsasedh. as, for
This | eads t cl. I uciivity between the fins and a
fluid and thggg% n’%§§$§$%&%§§§5%§%2§%§% efficiency. -2- Prior Art
Docunent[0®ent DAtdfBRt3 are arranged side by side in the extending direction of the tube 2,

and heat exchange is performed between a fluid flowing through the tube 2 and a fluid
supplied between the fins 3 as indicated by an arrow Al. On the outside of the tube
2, which has a low heat conductivity, the fins 3 increase a heat exchange area and thus
allow a large heat exchange amount to be obtained. That is why a finned tube-type
heat exchanger is in common use as a heat exchanger for performing heat exchange
between gases and between a gas and a liquid.

[6004] The above-described finned tube-type heat exchanger 1 according to the
conventional technique has presented a problem that, on a downstream side of the fins
3, a boundary layer of a flow in the vicinity of a surface of the fins 3 has an increased
thickness, causing a decrease in heat transfer coefficient. In order to solve this
problem, Patent Document 1 discloses a heat exchanger with fins having cut and
raised portions. The cut and raised portions provided in the fins has a leading edge
effect by which the thickness of a boundary layer of a flow in the vicinity of a surface
of the fins can be decreased. This leads to a decrease in heat conductivity between

the fins and a fluid and thus can improve heat exchange efficiency.



[ 0005] Patent Docunent 1: JP-A-H 2-217792 (pages Ito 4, Fig. 1)

Di scl osure of the Invention Problens to be Solved by the Invention

[ 0006] However, according to the heat exchange discl osed in Patent
Docunent 1 nentioned above, increasing the nunber of cut and raised
portions results in an increase in flow path resistance, and thus
there is a limtatiqn on the nunber and arrangenent of cut and

rai sed porti drider Affilkequmenteq (o a problemof the difficulty in
decreasi ng t & ihiséagssneof the boundary layer all along the fns,
thus failing to sufficiently decrease heat conductivity. [0007] In
vi ew of [0N@5]dtsoane Doewoentde dP-pv-Bol-21 782 (prgeh & tacdiuentli onal techni que,
an object of the present invention is to provide a heat exchanger
that can decrease the thickness of a boundary |ayer of a flowin the

vicinity of apiselbdiaedf e Bmvbitiod hereby allow ng an inprovenent in
heat exchange efficiency, and a heat exchangi ng system using the

same. Means fRyiebBarstorhy ScheeddnotiedryddOs] In order to achieve the
above- de@%@bed Oq‘![oe\%\fertyc%oﬁif S?On%hel Hé’aﬁ rgxt:}?a%gﬁ rcﬁs\f:'lo%gé u? Pane%?tDocument 1
g g a*hea ube Tor a

exchangi yst em’i ncl udi ng: exchanger “having a

first fluid tentfohedvabbed, ehdreasgh tanduabgl of aht ind edisdinportibat radtles in an
formed of thin plates, that are attached to the tube, and that are
arranged si detHyassi @ellow path EsstsEmes rgddilie dicrais aflimifasionqpyhe €5 and

fan for intraguchaged (¥60RM hist thiREteamid e 14(®: 4 ABBICH SISndBANKS in

so as to have continuous concave and convex parts forned at _
regul ar pit chieciBhsing abeclviencanaf cbn\bexngeay tlsyearal aen@nige dins,othas faibng to

extend in a di rﬁzcti]&n i ntersecti Rg a. passage direction of the second
fluid passi ng HERYACIasFRAGCOmRUEN rate of the second fluid

passi ng fgbyeen thg fibnsrihe FBAR-RHIRERoREmAVICME @nvEMIngl teLROQR an

According to this configuration, when the first fluid flows through
the tube, hedfecdiof threpfcsens tinfentipel if to provifiact ket eachangerfthpscanTdperease the

plurality of the fins formed qf thin | at e. ar S| y

Bl e i n T he. cRRERG g Bty b r i B BT A6 L S b o8y by
fan, the secofdwihgdihd ithgrosepgltiie dehradxiemge tehfridicnsandTdiBed ieRchangidg destem
so -) as to have_continuous concave and convex parts fornmed at a
regul ar pit chiSg{de 898 ext endi ng direction of the concave and convex
parts intersects the passage direction of the second fluid. A
portion of the second fluid flowng along the fns flows into the

Means for Solving the Problem

[0008] In order to achieve the above-described object, the present invention provides a
heat exchanging system including: a heat exchanger having a tube for a first fluid to
flow therethrough and a plurality of fins that are formed of thin plates, that are
attached to the tube, and that are arranged side by side in an extending direction of the
tube; and a fan for introciucing a second fluid between the fins. The fins meander so
as to have continuous concave and convex parts formed at a regular pitch. The
concave and convex parts are arranged so as to extend in a direction intersecting a
passage direction of the second fluid passing between the fins. A flow rate of the
second fluid passing between the fins is made variable at a regular cycle.

[0009] According to this configuration, when the first fluid flows through the tube,
heat of the first fluid is conducted to the fins. The plurality of the fins formed of thin
plates are arranged side by side in the extending direction of the tube, and upon

driving of the fan, the second fluid is supplied between the fins. The fins meander so



concave part, so that a vortex is formed in the concave part. Wth
the flowrate of the second fluid delivered by the fan nmade vari abl e
at a regular cycle, stagnation of a vortex in the concave part and

fl ow ng-out of the second fluid fromthe concave part occur
repeatedly. [0010] Furthernore, in thé’present invention, in the heat
exchangi ng system having the above-described configuration, a flow

di rection of 2 e heex eeriinhpes epnsass iifhconysk WaER femmedf s Tagulap pich egd dpe
a regular cyc i i.s confi i_Qn 1 Ui

71 v bet woort CHACE AR IR LR sr o b R Lt of
cycle. [0011]thdsechheelnm e A partibhef thieasesd uid dbtvignalongthefesifeats into the
exchangi ng system havi ng{ t he above-descri bed confi gurati}rghn, aflo
direction of OREAVE PRGN Thatd @Tiss isnigrmehin B cRsas Rt heV ithehe o0 the
vari abl e at X r=gj -hi i i n
Frow ng.t ovar s Bet ha e e HRIBOIRLABZE 3atMT i §IppU ot FRanttRof o
di recti on thatbrieain 88 @hcaverppgudndrilocyicd-ept afittle at®ogd fuefroful thaicogpave part
between the fnms in various portions of the heat exchanger, the
second fl ui d GEHHFPESS ocity of a varying magnitude. [0012]
Furthernppep) in trf%rdﬁér%:?c@atm'tHé’?F@sé&r‘iﬂyén’ﬂioh,hﬁx 1R AHeaCXCAANG N Gy sBs hhg
havi ng 'the "above-described configuration, the concave and convex
parts are ar rthhgddvedesagbado comiguerithni i dowi daedtioonobithenoeromdl fluid pessing
passage directjon o he.second fluid passing , between Lhe fns. .
0015] Fur t nFhOTE p i o ireck it 1RWBhET . AROrHE Rl firegongbe
syst em havi ngecdldehad Oy ®s Baseth Beding ANk Ut dhirefrsclie a paAeRMBinpEEcle.
and the convex part of each of the fnms face the concave part and the
convex pgAPillof an Mefhawense. Bribe PreseHenFeniion, inr &e heat FrFERREINASSHIR IAYNE
to this configurabloBecie: SEEANLAdL & 14O ERLoN% A RULEAGE gk bAg,
convex part, and thus a pressur f'oss Of A flowin a main Tlow

di recti on carinbeduce@ductad. fif0l 4adEuvdriablenatr @, repnlat hgclpr esenbdrding to this
invention, in the heat exchagngjng system having_he _above-desgrj] bed.
confi gur at i orfPPHAE YK ﬁ%\‘?”tﬂgo@wé%{iﬁetéi‘fee? i fipssthe Seendy ﬁ‘élﬁ el 8
part of an adj;ReRH 1APSatds atthéarécghm cyBECHORG WRnt b9 ing Ot/ EHAT @E IR in
even in the case where the fns are Spaced at a decreased di stance
from each ot harious hertisecohthetteat ekchangef,| tbevseophd [flaidrisaat devalomgtyanich tanyvisg
is allowed to tre%vgl wi t hout the occurrence of an increase in
pressure | osgrasniude.

[0012] Furthermore, in the present invention, in the heat exchanging system having
the above-described configuration, the concave and convex parts are arranged so as to
extend in a direction orthogonal to the passage direction of the second fluid passing
between the fins.

[0013] Furthermore, in the present invention, in the heat exchanging system having
the above-described configuration, the concave part and the convex part of each of the
fins face the concave part and the convex part of an adjacent one of the fins,
respectively. According to this configuration, the second fluid flows along a surface
of the convex part, and thus a pressure loss of a flow in a main flow direction can be
reduced.

[0014] Furthermore, in the present invention, in the heat exchanging system having he
above-described configuration, the concave part of each of the fins faces the convex
part of an adjacent one of the fins. According to this configuration, even in the case

where the fins are spaced at a decreased distance from each other, the second fluid



[ 0015] Furthernore, in the present invention, in the heat exchangi ng
system having the above-described configuration, the convex part has
a flat surface portion parallel to the passage direction of the
second fluid passing between the fns, and the flat surface portion

is continuous with a side wall of the concave part and forns a right
angle or an acute angle with the side wall of the concave part.

Accor di ng to fhswadamisgodeingomd thuhe slbaoddtof fraet withevisthgl asagrranke of an
flat surface . |.Q Lcularly to or at an acute angle with
respect to tﬁggéé%ﬁﬂﬁgﬁgggﬁgghe concave part. Therefore, a portion of
a flow [@hishe sec@nthefrhatiedin these@rfin@ehtionom tHeehdaestchefidih€ isgaérh hadibg
the side wall of_ the concave _part and thus is allowed to circul ate
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n, angu 0SS

configuratio e toncave part has a re ar shape rn cr -
section. Accopaiimgistcontiicss eahfa sgieratll ofthe theasepanahd founda tigbvwagle or an
along the flat surface. portion, and thus a pressure Joss of a flow.
ina min fl oW Y8R t%f‘aﬁd%éfalrleoga%%ﬁncawp%di%qca ,mgatopfgﬁ(ioaﬁgwﬂ%ﬂ:

flow of the sgeandnfilitifabss sRRaMRL A5t JufQm %&ﬁoﬁ ??%eﬂiéﬂl&rilfg)t LYat an@Rfe

renewal of a fluid in the concave part can be pe rmed nor
efficiently tdngle wih reshect cathe swlseval aftibe stmtevengdri. dfheteiee copotve opaflew

is formed at acute.angl.e with e ct tag.the in flo i rection.
[0017] Fur ¢ hebf S0 RS sttt A FRIER et ArcioR Rt Vall o igiontive
syst em havi ngpart £ tBRON @HEREF 0! e fllafaRfol tB EdHch AparTBBichine second
fluid passes between the fns at a maxi numflow velocity, a Reynol ds

nunber o¥Pabhed wiKuitheesgrecin the paeseehigpntism, ihéhe keshesrhengiag sysemiising
convex part i#a,pas3agfd (GALLANASHALERIESE0EAL Ve Lenal B, R2%, Bross-
val ue | arger RAR & CFrrtica yno?ds hunoer . “Accordi ng to0 s

confi gur at i onsectidren Addoelisewand chbhfighdatich, ele sacammdluial fiofvh alony elheoftdt tsiyrface
the flow velocity is SEffi ciently high _to.allow g vortex in the
concave part RYUHREILRLS PEFEHERPaRgG Y ViR JeiR yloppdipgtighgan be reduced.
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invention, in the heat exchanging system escri

confi gur at i ongndwisaewallvd asthodma te apindaypassesinbat peetonmedh exofersffmienty than in
m ni rrumflowt\r{lel ocit tgie yn%}ldz nunber obtai.ned has a val ue le with
smal | er than PRESTHPEICCRF SKEWBT 85 BruAEAYe RELd Grmydtd) pracyte angle wit
confi gurati ongesydaei thbmagetandirédtghd is at a mninumflow velocity,
the flow velocity is sufficiently lowto allow a vortex in -5 the

concave PALT] t o halthermersr sndedressguinaentias) ot theyhaab crhapging ghistem diaging

state where ay. above-described configuration, when the second fluid passes between the fins at a
maximum flow velocity, a Reynolds number obtained with respect to a length of the
concave part or the convex part in a passage direction as a representative length has a
value larger than a critical Reynolds number. According to this configuration, when
the second fluid is at a maximum flow velocity, the flow velocity is sufficiently high
to allow a vortex in the concave part to have an increased angular velocity to become
stagnant in the concave part.

[001§] Furthermore, mn the present invention, in the heat exchanging system having
the above-described configuration, when the second fiuid passes between the fins at a
minimum flow velocity, the Reynolds number obtained has a value smaller than the

critical Reynolds number. According to this configuration, when the second fluid is

at a minimum flow velocity, the flow velocity is sufficiently low to allow a vortex m



portion thereof extends out of the concave part. [0019] Furthernore,
in the present invention, in the heat exchanging system having the
above-descri bed configuration, the fan is fornmed of an axial flow fan
or a once- through fan, and a rotation_direction of the fan is
inverted at a regular cycle. Accordiﬁd“to this configuration, the
use of one fan allows inversion of the flow direction of the second
flui d throughbueongave prst fodiive s dstrensed ahgder eslediarigde. brousbp By a state where a

Fur;hernore,étgménggg ﬁgﬁ%@SOH“$QB ca&ﬁmh?e heat exchanging system
% SCri

having the con a 0 he fan is fornmed of an

axi al fl[oardlan haHun@em@norp) wrtak |pt¢semf mvajﬁlenbinagﬂesu,eataﬂabhaiomgmten«s hawEng
of the vane bl ades are provided sg as tog ave opposite angl es of
attack. Accortd¢ ﬁbovtedieﬁwb&dé@ﬁﬁglgam% “%anantlﬁé?@eldsOfr?él #ad dlovp fan; o pRce-

forward/revergg, gﬁ’tfﬁﬁ' Qi of cﬁ‘at o%”dﬁ?&ﬁh ?11 hes %ylsa‘ﬁive{j}é&rhg aar?/gular cycle.

simplified nech ni sm Furt ernore an is rotated at a
shorter than Accoythe tcatthm\/monﬁgurhmm/athd/use\oérm faotzdtoimnmmérsmnfcacnthe flow

notor is inver. ted t reby o, ass direction t

(nverted at dFerH %aecp?ﬁﬁ @%%&thﬁ@hw S Feipad TR e Thus,
stagnat ipoz@nd r eng@krmafre alnftlhb”pgesbﬁ‘c hP&BANGAME Heaf Excﬁ@x&ubgesystem having
performed at” an increased frequency. [ 0021] Furt hernore,

present inverthé @hcpvercitsmi:@dh@aﬁgmcbnar@c g s:y&memi I@é\anrfgual tﬂw fan having a

oot P eam ol uaiE"Y T RE R Jt 2D p e Bt REDEE ek 36 ok sp s 1o

fan di sposed 1Re bbgositbShgeABY iR, AREoriRe thakis bBRAAEROMNE no need to
downst ream si de are driven alternately. More preferably, the fan is

formed of a CBYRE i PO/ T¢vAFses IRER oA 0F asufmbé@@mf,awerebﬁea@éﬁvwgr @n simplified
presents hi %?Jhtaﬁkxgﬂ FB&%{}&%@@E&&A‘ ik Potgtggg?gggﬂg sRoit 206 F c}ff% R Bich

resi stance than €s 0 as an axna
fan and a ondertdibeigtscl amatiohhos acfmf ingtor ais | mpertddiehatoy ellowing a passage
particularly EU|tabIe for, for exa i

heat ch : t
which a heatVE£tpRIfgR: MHEgehH r%%?é&aeﬂ%%ﬁﬁﬁf ar}ggggggxg%ﬁer?o@ Taus,

direction, resibififaddeRed 298 HuliPW th@@élﬂa{}@ﬁdﬁ E@NGEperfoBB@ht an increased
FurthernDre in the present invention, in the heat exchanging system

havi ng the abomenddescri bed conflguratlon a gU|de unit that guides
rovi ded,on _an upstreams

P I M R R I L A SRR T
second fl uid ths abBdaiey@ibealbefi@iraton, Ukl de3pebe&l oG bl gpsh@amtshieSmd
configuration, the passage direction of the second fluid passing
bet ween the faygowsstiegm side of the heat exchanger, and the fan disposed on the upsircam side
and the fan disposed on the downstream side are driven alternately. More preferably,
the fan is formed of a centrifugal fan such as a sirocco fan. The said fan presents
higher blast performance with respect to a large flow path resistance than that of other
types of fans such as an axial flow fan and a once-through fan. This configuration
therefore is particularly suitable for, for example, a heat exchanging system in which a
heat exchanger has an increased length 1n a passage direction, resulting in a large flow
path resistance.
[0022] Furthermore, in the present invention, in the heat exchanging system having
the above-described configuration, a guide unit that guides the second fluid is
provided on an upstream side or a downstream side of the fan, and by the guide unit, a

flow direction of the second fluid is made variable at a regular cycle. According to

this configuration, the passage direction of the second fluid passing between the fins in



various portions of the heat exchanger can be switched nore swiftly
than when inverting forward/reverse rotation of a fan notor and when
swi tching between on/off states. [0023] Furthernore, in the present
invention, in the heat exchangi ng system having the above-descri bed
configuration, the fan is forned of a'énce-through fan or a
centrifugal fan that is enclosed in a casing having a flowin port

and a fl ow oweripoy portionhef Hbathcax ctvhmger das ot spivded moreaswifidy than when
surround a periphery of the fan, andt casin i.s configured to b
ot atabl e AcbuTdE s B R G a e e i e Ehec gl
where the heatsgt@xchanger is provided in such an arrangenent as to
surround the fan, _the passage direction of the second fluid passing
bet ween [P#E]f ms offuithermeatin thx Prrapdnvesianbia tha ettt e@hangimgugisten having
circul ar nov f f j al ope, -t her ovidin n

advant age of ?%%F%‘%_%egcré&si gﬁ%ﬁgp %ggn’s{h%u%’%ugegp%ﬁ%%]a ?ﬁ%‘%foe%nﬁan ora
invention al sentpifidel é@sthat iBeatioexichangehg ihachpdi Mgyv-ipéaed b dowdout port,
fluid to flow therethrough; and a plurality of fns that are forned of
thin plates, thhbgat exghangd isdineesed 60 fhl® upBEnd aperihsat ofdbe fagy pathgegasng

si de by side:j i . eGgt.j.on: of : : i
S0 as 1o have SERRuRERE Aetablel SRR ro i o ey AP Gk
regul ar pit chyhemhibeheex¢xehshgen ioprevded &ctuchran Acwmgnhages tokutrdiend the fan,

I nvention [0025] According to_.the present, invention, the fins haye
the concave & %P&%’*ﬁ%ﬂﬂﬁ&t?% of ttﬂ%usg%%@eﬁaldi Rasging; PRAWEFlo G rﬁtnér%fg\éﬁ bt

the flow di r egtiMBeQfan a8 REEAMIofit 1A Eirc 38 hb@RInAt o POER @BinQh1dnB hereby
second fluid passing between the firs forns a vortex in the Concave

part. Furt hexerodieg ap hévantageof athecvalg ¢ hiepdificdpidudtirgi d i s made

{ranct on OB neon thE PEEEENE P GhiT THES PricioP TS GO o 16 for

enhanced vi a faid @ flex thérethfup@OREDY @LPENY of s aBkdiakd @Rmes bagiatlae, afat
the second fluid jn the concave part and renewal of the second fl uid

in the concavé giched 9dheipbecpedhadryaragead sHady Bstn o7 arigiding Hisection of
perforned st g?{'%&ﬁé. aRdle fs!(r%é ! ! %o a% qgshalvevﬁohﬁﬂi&ls %B@Me&%ecﬁ%;?%s

conduction p ormance o ns thensel ves, a region used

heat exchangdotmetdvas e megute pitaks, veindh extéddw dnetdwesiont he fns can be
spread throughout a surface of the fns, thereby allow ng an

i nprovenent in heat exchange efficiency. -7- Brief Description of

Dr awi ngs Advantages of the Invention
[0025] According to the present invention, the fins have the concave and convex parts
that extend in a direction intersecting the flow direction of the second fluid, so that a
portion of the second fluid passing between the fins forms a vortex in the concave part.
Furthermore, the flow rate of the second fluid is made variable at a regular cycle,
thereby providing an effect that heat transfer between the second fluid and the fins or
the tube is enhanced via a vortex in the concave part. In addition, stagnation of the
second fluid in the concave part and renewal of the second fluid in the concave part
occur repeatedly, and thus heat transfer is performed steadily and efficiently. Thus,
without dependence on heat conduction performance of the fins themselves, a region
used for heat exchange between the fins and a flow between the fins can be spread
throughout a surface of the fins, thereby allowing an improvement in heat exchange

efficiency.



[0026] [Fig. 1] A schematic structural view showi ng a heat exchangi ng
system according to a first enbodi nent of the present invention.
[Fig. 2] A perspective view showi ng a heat exchanger of the heat
exchangi ng system according to the first enbodi ment of the present
invention. [Fig. 3] Atop view explainiffy a state where a second
fluid passes through the heat exchanger of the heat exchanging

syst em accor dirief Pesctiptios iof Brawimigedi nent of the present invention.

[Fig. 4] .vi.ew explaining a.state where the second fluid passes
tir ough ERRIHEIR 1T A ERERG s or T S R SioveRe har g oy S o coRaTng © »
to the first QebaghdmnéntF ieReschl BS&RAnI Nvention. [Fig. 5] A top

vi ew explaining a state where the second fluid passes through the

heat exchand&¥g. @i A pasiseare ervrnyingge Bsas tuthangw orf dhabeat oxabhangifg sysiem

enbodi nent of_the. present. inveation.. . Fig. 6] A.top view explaining
a state wher eacf%@mgggghneﬁfsﬁ %?n%)dsmé %é’éﬂ%erﬁrgsﬁﬁ%‘llf’%mﬁ'eat exchanger of
the heat excha@ngizg\ sopstiem aebodifle AGtdto wha 4 kécdhd ERRDPhsiBNthrOfzh tthe heat

present invention. [Fig. 7] A top view explaining a state where the
second fl ui d §¥aByEET ohilsulfat enedhapgag sydg@hasgeingofo theelmegmbodiment of the

exchangi ng sys. ing to the first enbodi nent of the present
i nventi on. [I’—L?%.&H?S?gﬁﬁ{ogp vi ew explaining a state where a second

flui d passes [fFhy. dlightop heatxplexalpangere weratheeatorexibiia paisagthsyigtheaht heat
according to a second_enbodi mrent of the present invention. [Fi g.qq%]

A top view exeﬁ‘Fg?%Fﬁﬁf Hesheat EXGHHBRBSIHECRASHEITY 1 thepHss BbIHPEHgH the
the heat exchangenefichhe heat exchanging system according to the
second enbodinent of the present invention. [Fig. 10] A top view

expl ai ni ng a [Figts¢ Avhvereew heplseogna stileuibrp desesondhfiwd ghssehtrdughtthe heat

h f the heat [ yst | to t d
emboai hent _of SRR PE ST RUUFERR SR g T EAS )5 et CHPar e

a state wher gxthar mee@pd. fI uid passes through the heat exchanger of

t he heat exchangi ng system according to the second enbodi nent of the
present invenfi®] A @p view explaining a state where the second fluid passes through the heat

exchanger of the heat exchanging system according to the first embodiment of the
present invention.
[Fig. 7] A top view explaining a state where the second fluid passes through the heat
exchanger of the heat exchanging system according to the first embodiment of the
present mvention.
[Fig. 8] A top view explaining a state where a second fluid passes through a heat
exchanger of a heat exchanging system according to a second embodiment of the
present invention.
[Fig. 9] A top view explaining a state where the second fluid passes through the heat
exchanger of the heat exchanging system according to the second embodiment of the
present invention.
[Fig. 10] A top view explaining a state where the second fiuid passes through the heat
exchanger of the heat exchanging system according to the second embodiment of the
present invention.
[Fig. 11] A top view explaining a state where the second fluid passes through the heat
exchanger of the heat exchanging system according to the second embodiment of the

present mvention.



[Fig. 12] Atop view explaining a state where the second fluid passes
t hrough the heat exchanger of the heat exchangi ng system accordi ng
to the second enbodi nent of the present invention. [Fig. 13] A
schematic structural view showi ng a heat exchangi ng system accordi ng
to a third embodinent of the present -invention. [Fig. 14] A
schematic structural view show ng the heat exchangi ng system

accordi ng tdFighé2} Aitop venbogiaeng aafatd Wwberptiesendnd fivie phisonthryghghe heat

15] A schematic structural view showi ng a heat exchangi ng syst.em
Bocordi g 1o SENTSE STk P REREIG R o Oy H S PO ATOT Rt afepe
A schematic sireat Wialioyl ew showi ng the heat exchanging system

according to the fourth enbodi nent of the present invention. [Fig.
17] A schemat[Fiz. 48} docheradtiostmarust ovdvn shoavihg ahes s hanginggystysitagperding to

according to fifth,enbodiment of .the.present invention. [Fig. 18]
A schemati ¢ s%&ﬁgteﬁﬂ%gﬁwpgﬁtg%ﬁﬁs% Hf‘ﬁ:Buﬁbat exchangi ng system
accordi ng tqFide4f AfdchemRodiiirinil éw theviRE e&ERdat EXOHAAEIHO BystéidriaBeording

19] A schematic structural view showi ng a heat exchangi ng system
accordi ng to toahsthird gmbpdiertinheliihe pfesetignysréeent i nvention. [Fig. 20]

A schematic 1 Vi wi.ng.the h xGh .ng s m .
according t ?{#ggtﬁgcge%%o%{anteuﬁ{i%%w ?&?f l%é %%8%t6§?%§g%§i%§t%%aﬁfod‘ﬁmg t0
21] A schenatd Hufth etndbdifht i @wpSawingnioheat exchangi ng system

according to __a seventh enbodi ment of the present invention. [Fig. .
22] A schematlf& d0f Gctetp@rtiaFRIFERoNFHghar me dhe ksat Ratlgnarge sysiem gfcording

according to ,qH. ﬁhﬂﬂ%ﬂ‘bsﬁm&?{eéﬁgilé&ge&%e &sent invention. [Fig.

23] A schematic structura W ng a heat exchangi ng system
accordi ng to [Fa. di7hAlschearbadi simatura fvidvhehqwies e htati axvlempingrsystpf georddl to

A schematic structural. vie how ng. t he. heat exchangi ng system
accor di ng toaéljﬁ}ée f"?ﬁ\]ﬁeﬁﬁd Pfé?ﬁngﬁlfve?tI‘PéLpresent i nvention. [Fig.

25] A schematfipg; 8] UCicHEBAV iR RO Gh&y B Fhe K66 BRNMELEES SYRERRecording
according to a tenth enmbodi ment of the present invention. [Fig. 26]

A schemati ¢ stoihghith embedimantstiohs pigsanh&vhetin. exchangi ng syst em
scoor 10 ! AR RLR SRS RLE S0 NG SRyl i
accordi ng to asixth embodiment of the present invention.
[Fig. 20] A schematic structural view showing the heat exchanging system according
to the sixth embodiment of the present invention.
[Fig. 21] A schematic structural view showing a heat exchanging system according to
a seventh embodiment of the present invention,
[Fig. 22] A schematic structural view showing a heat exchanging system according to
an eighth embodiment of the present invention.
[Fig. 23] A schematic structural view showing a heat exchanging system according to
a ninth embodiment of the present invention.
[Fig. 24] A schematic structural view showing the heat exchanging system according
to the ninth embodiment of the present invention.
[Fig. 25] A schematic structural view showing a heat exchanging system according to
a tenth embodiment of the present invention.
[Fig. 26] A schematic structural view showing the heat exchanging system according

to the tenth embodiment of the present invention.

[Fig. 27] A schematic structural view showing a heat exchanging system according to



-9- an el eventh enbodi nent of the present invention. [Fig. 28] A
perspective view show ng a heat exchanger of a heat exchangi ng system
according to the conventional technique. Best Mde for Carrying Qut
the Invention [0027] [First Enbodiment] The foll ow ng describes an
enbodi ment of the present invention w-t reference to the appended
drawings. Fig. 1 is a schematic structural view show ng a heat
exchangi ng syst deeatcaiishdigedtof ehefgressht iendoghment . A heat exchangi ng

system 10 inglu a heat .exchanger /1 and a fan 4. The heat ,
exchanger 1 h@'ﬁg-%f AORETSPIYYE ¥lewr SipRing ¢ rd Sokameasolmbet cxchepging sysiem

HCF- based ref&kgg&gg%t5§h$ﬁgm&ﬁgg@gﬁflgpgh and a fm3 attached to
the tube 2, and thus is of a finned tube-type. [0028] The heat

exchangi ng system 10 is placed in a second fluid such as air. A fan

4 is forned axial flow fan such as .a propeller fan and has a

vane 6 attacﬁ%ﬁ'&%ﬁg"(&% W’gﬁg’]ﬁ%%ﬂwfnﬁo%t or 5. In accordance with

el ectri ciopoyer usegrtOEdbbURehd)e nMDtor 5, the rpm (rotation speed)

of the vane 6 changes sinusoidalléﬁ i.e. at a regular cycle, the rpm
easegn

of the vane 6 is i dolbeding ndesde batimeie of ohat presentli neentioonwith
thereof is inverted. [0029 his conf.iguration. when the vane 6 .
rotates in o BYEEt o e diiPed kot b (3inal gl G Snctine

second fluid hdat axclbfigifd b@benh Beioedtheth HYirsaRmdbieenAl A SeatGRARNANE dystem
and when the vane 6 rotates in a direction indicated by an_arrow B2

a flow of th¥ sshidaya beaiicachanser iander fangh iheihsat @ghasigenh hay p sipeofor a
IS generated. ; I easi | o

i ncreases thémggp%?%%gpgf“Fﬁgqgg%gﬁéq?Fg?%y%ﬁ%hﬁ%g%Pgﬁé?ﬁghgﬁ%n?bﬁfg?a
the vane 6 detr 2ageset hetheebted, tyd tius ishef asfered dubieltyped, and thus the

second fluid flow bet ween the fins_ 3.is de variable in_ flow
rate. wnié?ﬁ5 e SerthiFa FIANT TN B ag @iSﬁ%Dﬂ%,A%%a%ch%aﬂ- A fan

transferred fiomobh& bf dostxidll Ao Quidss ibfb Bller! f8n REPNAALFhnE R ABhed to 2
second fluid, and heat exchange thus is perforned. [0030] Fig. 2 is a

per spective vingWrshawiSagitthaoreat. dx chemdarce with cldetrigi fower isechep drive the

figure, the tybes .2 .0f a | i.ndri cal ape extend in the latera

i rectton and arL>- 4R aR Bl bteRd YRR KBNS rbatiad) T Y & s
di rection andcycte, tthe rgepifthéliveRE i i9MncrdRed ahiRsreZciBindBe GoRtd Hitt@dn
by one tube or by a plurality of tubes. The fin 3 is fornmed of a

thin plate haWrigf s mygdheat conductivity such as a netal plate, and

a plural fOtOY9]Of In this configuration, when the vane 6 rotates in a direction indicated by an
arrow Bl, a flow of the second fluid in a direction indicated by an arrow Al is
generated, and when the vane 6 rotates in a direction indicated by an arrow B2, a flow
of the second fluid in a direction indicated by an arrow A2 is generated. Furthermore,
increasing the rpm of the vane 6 increases the velocity of the second fluid and
decreasing the rpm of the vane 6 decreases the velocity of the second fluid, and thus
the second fluid flowing between the fins 3 is made variable in flow rate. When the
second fluid flows between the fins 3, heat transferred from the first fluid to the fin 3
1s provided to the second fluid, and heat exchange thus is performed.

[0030] Fig. 2 is a perspective view showing the heat exchanger 1 i detail. In the
figure, the tubes 2 of a cylindrical shape extend in the lateral direction and are
artanged side by side in the longitudinal direction and in the depth direction. The
tubes 2 may be constituted by one tube or by a plurality of tubes. The fin 3 is formed

of a thin plate having a high heat conductivity such as a metal plate, and a plurality of



-10- the fns 3 are arranged side by side in the extending direction
of the tube 2. The fm3 nay be disposed perpendicularly or obliquely
to the extending direction of the tube 2. [0031] The fm3 is bent to
meander at a regular pitch, and therefore, on each surface thereof,

a concave part 7 and a convex part 8 tHht extend in one direction are
formed continuously. In this configuration, each of the concave

parts 7 has ah@ﬁﬂ@Sﬂ&Hnan@dﬁﬁﬂMbWﬁé]m&he adpedientiramen of tHehebednVEne fin 3
parts 8, and a pit a wdth Wof the onc

t I
part 7 (convé&%lafr@smﬂe %@W@ OB? Q@?msths@rt%qm% irgckien o HW&?
8a by whipgdyjad aceme e Qéntwﬁle&%:ae/&%ﬁ §1tzh'a§d'theg5f%% L8 e%él‘?éhrface

other, and 'the flat surface portion 3a tut'es a bottom surface
of each of thhercm‘.i;laazuacaparpws Tomd & trevapht §uhdtasendiidene Thectivhate formed

surface portion.8a is for perp endicularly to the side |1 of, th
concave par P Dhe Tt Ot A0ETHEROm gk of (o eI PARS dnapes FHC Wil
Cross-secti onharliveith dSadIReA: Ok SMBe SbblRx phHE B NBIIPpitoh T RervAQNEAN¥R as a
parts 7 of adjacent one$S of the fms 3 are arranged so that open

si des t her eofwflthc¥ elibh cgmdaew: pait GA8@jve iyert \¥).dt Thaomex hat & dus aviat ﬁiafatce
7 i s sonewhat Iar r th dlarrete of the b

Lonetr ot ce nor S ol RN RS BE g0t thifR T b PR gudch bier ofd
the tube 2 inht tist grRoEbEFioslBA €6istifNes d RFtoM dultfaBe ONE1cE A BRVD nPetparts on
As will be described later, a vortex is formed in the concave part

7, and if thehe baek surfasc gidspodbel lasgrfse portiondanisipgacpapendi@iasly @rthe
the concave R{Sd & 1? o?'!ﬂ'e Eg&gca%)%% RS % Bon 5&9{15%%%04 aiglgtglgszapso

distorted froma eS| e are’i ncrease SpoSi ng
that it |i es:rWStshctmnonﬂndDm:amen ar bne?smlan Fmomonhexesc@é mrts 7 of

shape di storted due to h be 2. 33] The f ed SO
that its axi AVYFRADES P@ﬂbg cgs 11[!@9%9@%8@?%@8 %C%Fac tpaer

concave pasiy 7 andfﬁeh@ldﬁlowv@ﬁh@%ﬁca‘ge%?ﬂeso;ﬂe@hgt Im-gé?fk%ﬁ%@diaﬁeter of the
passage di rectlon of an airflow generated by the fan 4 (the arrows

Al and A2) cdibeioes the tfbed pincwates the flat sunkive glortidneSasgecthatithe lenfing body of

b h h d .
et erred Lo duediiodi B F1 GUPHCRricOnt o ATERBUGH S pARekge i AtcritbRe

of an airfl ovdesgenRanated wytek ks?foff@éld th mBYoReveBhit quend © tm&@baalmdi‘sbma
direction, allow n%pt he passage direction to coincide with the main

flow directi o adn @6@@%?@16}3 0ass o e corsgve pEly 1 Hed HSronvempartsch ¢yayexes

part 7 and the C&Q%f@émﬁ%?tr { Qeh @@%%i%a&%eﬁogoéﬂ%gﬁ% ik @be 2 so that

direction (the vertica Irectronin
di rection in intiechvithiposme chhicasiengartof chhesdhanveitexehef aehapmddlﬁtbnr.-cﬂ due to the
passes bet vveetgbé E‘e fins 3 (the arrows Al and A2).

[0033] The fan 4 1s disposed so that its axial direction is parallel to a pitch direction of
the concave part 7 and the convex part 8 of the fin 3. Therefore, a passage direction
of an airflow generated by the fan 4 (the arrows Al and A2) coincides with a direction
in which the second fluid passes between the fins 3 (heremafter, this direction may be
referred to as a “main flow direction™). Although a passage direction of an airflow
generated by the fan 4 may be oblique to the main flow direction, allowing the passage
direction to coincide with the mam flow direction can reduce a pressure loss.
Furthermore, the concave part 7 and the convex part 8 are arranged so as to extend in a
direction (the vertical direction in Fig. 2) orthogonal to a direction m which upon
driving of the fan 4, the second fluid passes between the fins 3 (the arrows Al and A2).

[0034] Figs. 3 to 7 are top views explaiming states where the second fluid passes



[0034] Figs. 3 to 7 are top views explaining states where the second
fluid passes -11- through the heat exchanger 1. Fig. 3 shows a state
of the second fluid passing between the fins 3 at a maxi num fl ow
velocity. A Reynolds nunber Re obtained at this time with respect to
the width Wof the concave part 7 (equ%ﬂ'to the width of the convex
part 8) as a representative length has a value larger than a critical
Reynol ds nurtwengh Ake Aeateswghangen 1t ulFkpul ehowd evstits ofehersated fhetl wessing
the fms 3 in,the vicinpit of the flat surface rti 8a. 035] . The
i 5 ow i HERTiBARO R ¥t Saebiiier R s e ERbRR et B 2blneS:
coi nci des Wi tefis dintH WEE bésplct it thahi/Rih Wher S8 GoRdhvE ik d (c§udled theak@th Mthe

the fan 4 and is parallel to the flat surface portion 8a. This can
reduce flow reeBYekt Raic8) and renresgaiative {anethf kasreavalon lasger ghatea@riiieal keynolds

(dead air) regi [ PO he fluid i t ch fti.cl.ent.|.v.
ooy obi (R LROPReyTor oESRRn i ok Sen bl B LI LR ity
exceedi ng t hefclid fldt cadfaddgyidind. nunber, so that heat of the second

fluid between the fns 3 is transferred swiftly in the main fl ow

directi di%ilia a fﬂhémpla%_élﬁwwFlir@:,tloa;sofatheeéfeﬂ%lg huig HovRBY rspersd Hhenbibe 2
Re having a valdlgies %gﬁee?ﬁh@&ilohflﬁtv@ﬁléﬁs {h%géecﬁ%yﬂﬂg%d&%'{’e%rb fheVih USHd 1

7a having a large angul ar vel ocl enerated 1 n the concave part
7. Because ofpatdiiebio theeldneatfadel poctiom 84 heThis camiddycofloa resisttfi@candofrevent
the fm3 or the.tube 2 {)e&oges hi gh, and thus heat exchange between a
portion of tHES LIugiep ¢hadegd it idead e 558 art 7 and the fin 3 or
the tubgp@id)s enhamgedcosPmalddar abboeh AsuffleauPalid veRck) MBat hB&Reynolds
vortex 7a stays in the concave part 7 and becones stagnant

( her ei naf t er nupibes Rptobiroradrion aivelueeixesadat the caticdl Reanpids nombeof sathat heat

fluid in the.concave, part"). 3 en the vel ocity ,of t.he secon
fluid passing i Shsend ﬁ’ﬁléi qeg?%eegqg%g%feﬁseté@é%?egtswgﬁgt‘%fbg IEWB&}?“{ ection
Fig. 4 is braught fl@boubiealhiildReynolesitnsimier REBecLRt Rived RE hhtihg a value

time has a value smaller than the critical Reynolds nunber. In this .
state, in thexcegnedbe cpagal Reynoldsmimlsy, aporiex Fedrariag a lnege angalagvelocity is

decreased angdlatiMel ogd Ly, S phag..d g tendi Q?%!Ir £
t he concave %rt L? q'gccor dl}cg{g;ﬁ/)%ﬁ?he vgar%tsegp%g’ﬁgésl hgﬁ fgje}{n]%ugt%es [ ﬁfe% &
posi tional | y suifade ofedpdot 3 too thdharbedr baoméa highe enfFitigns 13pt eldhange bswkdn a
wWith respect tot heat ansferred away fromith in 3 Db he
vortex 7a in Horitéoncﬁh%%ﬁé%%ﬁwg iyl Fopra)e Po RAUT A AR g thie 3 > ennanced
perfornmed betyya@R.ALIPOr ik R Pbink NRkinfeRle dRMA7d LAY iDBEVREBaENS MBind
3. Moreover, while heat resulting therefromis transferred in the
becomes stagnant (hereinafter, this phenomenon is referred to as “stagnation of a fluid
in the concave part”).

[0037] When the velocity of the second fluid passing between the fins 3 is decreased,
the state shown in Fig. 4 is brought about. The Reynolds number Re obtained at this
time has a value smaller than the critical Reynolds number. In this state, in the
concave part 7, a vortex 7b is formed that has a decreased angular velocity and thus
has a portion extending out of the concave part 7. Accordingly, the vortex 7b has a
center shifted positionally with respect to the vortex 7a (see Fig. 3). As a result, with
respect to the heat transferred away from the fin 3 by the vortex 7a in the concave part
7 m Fig. 3, heat exchange is performed between a portion of that heat and a flow
between the fins 3. Moreover, while heat resulting therefrom 1s transferred in the

main flow direction, heat exchange between a portion of the heat thus being

transferred and the vortex 7b in one of the concave parts 7 positioned forward in a



main flow direction, heat exchange between a portion of the heat thus
being transferred and the vortex 7b in one of the concave parts 7
positioned forward in a - 12- traveling direction further is
performed. [0038] Wen the velocity of the second fluid passing
between the fms 3 is decreased to suchKan extent that the flow
direction of the second fluid is inverted as indicated by the arrow
A2, the stat erashiwdifentidd futhsr is&petfbm@ht about. In this state si nce

t he nui Low dir nis rev rsed e a sli i nf of. an
angul ar q@%{%c. ty r"gtzr‘eﬁ t%e velpcnat the Lb%rﬂﬁssrlogtt%re@t g % e gecgeased

f1 ow subst ant @l dhyanadxQ i e CRIE B écttﬂoﬁ%f M e GRNYEX id nSSQA astﬂﬂcﬁczftécpby
3. As aresult, a portion of the second fluid that has stayed in the

concave part t17¢ aradwrAG, thictshatdglmyn indig. r5alﬂ§>fC&WhE@bOIuh tlhehigaiiare, fihosthe main

direction, angd a, poartion of b enth

neat - £ ows. |TRPotrREoE S Eugee P AR e o gh B lasoR G et i the
second f1 uid cbﬁcz{v@ep&p"!cael{&e pir forrhied |20WewORIbstANBAIRS 2RMgad Sonchv¥iB&N and
portion of the second fluid flows into the concave part 7, thus

renewi ng t he cosexding orflﬂtn nidn the I@eﬁta\r@npamft’ﬂe(st:r@nérﬂwth@trhaStsrtﬁy@d n
phenomenon 135 ERERTE it 9. 2Bae LBDRUE s Uanehbd b TS50 PEEY By, and o

a
part"). [003 ien’ ¢ he veIa ty of “tnd "$et I'ncrease

after a furthekiel épsdo@fbetw ¢, the e 3shiahe usﬂnowat lfrtml:';l i@gto Beicsndavoughts.
about. In this state, the influence of the inertia of the second

fluid and of Hat &n@é’ﬁﬁioaldﬁle%t%?%@élddﬁ the sapchytciarbf flowes opf pregefrom and a
I ncreases w tfﬂas rt'io@lc«i; i :ﬁek%& ﬁﬁ idVBNDE iy tnS Qord @l pblrt ﬁrtﬁrgut%htl:&{mg the

becones drffrcu to f concavities and‘convexities

the fm3. As saccmdsﬂthtl nahy @ohexe mutbeghasmhﬁ:erb@s peaenaned iatefarred to as
bott om surface of cave part 7. 0040] When the velocity of the
second fluid FEYMA ?fgaafi‘eg €RBYAVE 844 Jvel oci ty whose flow direction

i s revergggh)f rom thah mdvddiGyRireNd QUshdndeschtReddsiit 8 AseWalapR JFitihe,
4 and whose magnitude is equal to that in the same state, the state

shown i n Fi g.thgstps shewo ughig. é@du@uc’h’t ﬁbftutr s Insthistsgate, ake mﬂdeiﬂelﬁpt@dmrﬁr@ﬁmf
of the vorte e x whgse .
mmont tude 1o BGiPRT BB 15 GRRMle el o nlREE ot B s ke S wie
rotation dir egtine@adeSini tﬁyefetoedy,f $oOthat fiafradvally hﬁc@@éﬁedﬁfﬁ@ﬂtetol Bovl Qidiethe
Thus, heat is transferred in the main flow direction. [0041] The

vel ocity of tRECAERSMIdf Panvaritiss ohdbedFed fOF thEBulo2 a/ofier ol bspimghiss e

state shown oY B o B P Ul o that 10 th
gqual to that in the

sane st dped40]jAs a I‘\@htﬂ’i the velowit) af the SIE:OOIIdhﬁnd is increased further to a velocity whose
flow direction is reversed from that in the previously described state shown in Fig. 4
and whose magnitude 1s equal to that in the same state, the state shown in Fig. 7 15
brought about. In this state, as a developed form of the vortex 7c generated as shown
m Fig. 6, a vortex 7b whose magnitude is equal to that in the state shown m Fig. 4 and
whose rotation direction is inverted from that in the same state is formed. Thus, heat
1s transferred in the main flow direction.

{0041] The velocity of the second fluid 1s increased further to a velocity whose flow
direction is reversed from that in the previously described state shown in Fig. 3 and
whose magnitude is equal to that in the same state. As a result, similarly to the
previously described state, heat of the second fluid between the fins 3 is transferred

swiftly in the main flow direction via a flow. Meanwhile, a vortex 7a having a large

angular velocity 1s generated in the concave part 7. Thereafter, the states shown



previ ously described state, heat of the second fluid between the fns
3is transferred swiftly in the main flow direction via a flow.
Meanwhi |l e, a vortex 7a having a large angular velocity is generated
in the concave part 7. Thereafter, the states shown - 13

respectively in Figs. 3 to 7 are broughi- about repeatedly, during
which time a flow of the second fluid changes, i.e. the velocity of
the second flredpdetivelyradiigy. 8 dodbire bréughiaighut tépdetedlly] dwingakigrh dne d Sow of
inverted in flow direction. [0042] According to this enbodi nent, the
concave part tre sprdnd HEU shasespis: tthe valosty pf ¢be aeand dluidhes fade yariable in

whi ch extend j nﬁuﬁé {fﬁg‘na%lj ag&gs glmhgwtcﬂg 'H LPw direction of the

second fl uid, a portion o he seco ui d passi ng between
the fi ns[0842]or s feccenlitgeso ihis éxhbodmamav}ﬁ mtdve?parﬂ:mandhehmmneﬂ phe 8 are

flow rate of the second fl ui riable at a reg cle,
her eby. pr oviRIPGCER BF 8ch ek HEH "3 SRERER SB0PHaEhts e Tosbrtrrgon of

fluid and thepf idosq Ahid E@th%“?ﬁor%oh of 8RABAKAGINA Basking b\é%éeﬁ)fhgﬁﬂs 37f%rms
or 7c in the concave part dition, stagnation of a fluid

t he concave rfa\rctrteamdtheememb paft 7. t fﬁerthetrmoaje ithe ﬁdveract@nf;tavequaﬁ tﬂucﬂcle made

repeatedly, and thu eat. tra in the main gféaf)cu

P per for ect BB 9 TR I 1BFRbyPro W EntteRote: fish SAbUCRAFR the
heat conduct i@naemfi@ni@neends of iR thbd12 & édnasdeld, viathHea@ien 7usRd of ¢ in the
heat exchange between the fin 3 and a flow of the second f1uid

bet ween t he fdoneavs negin’-bdngpdiian stacapideryhbufluig 18 Ghe epnsast parhands sepevmal of

ther eby al | o0, iyl APLAYEIERL: b0 DFAL. EHENANAR AL LEL8ACK L 09830

This makes it p055| 0 us

havi ng a | englifeciiéh At 2 fsl@Wod.héd?ﬂéadﬂljr aafl etfﬂilﬁezﬁ&rcoﬁ‘dusf lwdthdot fbd.‘]:@ﬁdlence on
than that of a conventionally used fin and to use as a material for
the fin 3, a bt é?li‘dé‘Ftl%\PFﬁ@mf’é‘a% of gheidiy P oivclberiaEiRRMEET ITBWBEAL TXRbARSe

that of a cony éénoﬂﬂglqﬁ/S usgd ARL eriad sec%mmuwba%@n BRSESy 3ichn ibe fpread

possible to ectlv nprove heat transfer performance I nstead of
incurring a cibmnghcbutcan@h’facqao‘bﬂhbém bithetebyealioviag angmproeemeantsn he@xthange
Furt her nor e, Pe flow direction of the second fluid passing between
the fins 3 <99 ted at a regular cycle, and thus the formation of

a dead wabey] (deadrigé fhkésSPp&Ribld, fordexdRps td @anms BRrfid O & hdhe: § Waethdn
can be prevented to a greater degr ee than in the conventional

t echni que. THhe fleardieqerakie seroad flawt lovgerdhasbaiad @t qoprartioarlbauset finipad
heat exc hang&% u%e ai 9 91% e]n[aib‘fsor lthenf%:l ?S IEJQ’[%H&I%%%%%egtagOgldlth%B%e}leqn5199Yo%r

part 8 extend in a dire
than that of a conventionally used material. Even in such cases, it 13 possible to

effectively improve heat transfer performance instead of incurring a conventional
problem of deteriorating the same.

[0044] Furthermore, the flow direction of the second fluid passing between the fins 3
is inverted at a regular cycle, and thus the formation of a dead water (dead air) region
in a downstream portion of the tube 2 can be prevented to a greater degree than in the
conventional technique. This can increase an effective cross-sectional area of the
heat exchanger 1.

[0045] As long as the concave part 7 and the convex part 8 extend in a direction
mtersecting the flow direction of the second fluid, the vortexes 7a, 7b, and 7c are
formed similarly and a similar effect can be obtained. However, in the case where
the concave part 7 and the convex part & extend in a direction orthogonal to the flow

direction of the second fluid, a portion of a flow of the second fluid is separated ifrom



intersecting the flow direction of the second fluid, the vortexes 7a,
7b, and 7c are fornmed simlarly and a simlar effect can be
obt ai ned. However, in the case where the concave part 7 and the
convex part 8 extend in a direction orthogonal to the flow direction
of the second fluid, a portion of a ftbof the second fluid is
separated from- 14 the rest efficiently at the side wall of the

concave part tRe rdshesficidnfle fahé kida vl dihde cdaeRBhattl Ti dTHus, tklpowit §0the
circulate into the concave part 7 efficiently to forman__ jntense
vortex as theseg@id Bwid7i allowef dByeisriatwinir) thestncaya Rt o cffigiepthy to form an

concave part ; I Gl ent ,
t he side walﬂzg t‘gﬁ%gﬁé%%gﬂﬁgf?Pgﬁﬁgg%Egkgg9%%%“%%??3%%%&5%%§5?ﬁgqt°
mai n fl ow di riecterformedmnsveficichtye si de wall of the concave part 7

f or med rpendicularly to the yain flow direction allows.a portio

of a f1dWOAH the 81 U dhv Ok B APHER e oR et Tagpd SEiadly to

efficiently agetRfinSide MRkl HAGePNGAVEIPVall dFf theTBinRatBKES 7 Formed
possible to forman intensified vortex as the vortex 7a, thereby

al | owi ng heaperpandmsiagly torthe heic dnwalicecpear el o poetiquesff o flpwdo intbe gecond
efficiently. Ln.the case ere the side |1, of the ncave part 7
s formed ai SHOLCaERRErS Rt e esatirenl o f6 s PERGoR ki 7
a portion of anifheweot F&J&ﬁ;l@ﬁ?ﬁ»ﬁﬂ ahlitteghifi®d SRRATAHRDy Jrte@Taf MBreby @8dwing
nore efficiently to allow an intense vortex to be forned as the

vortex 7a. [Oayprapyen ethgoioacasehiart drie drepqstymed maye feshgiahi n In the case
t | £l f i - :
Ther ef ore. "t narRguids bl gt coutilic BEET ROMAR oL e BB respget 1o

and thus a presswie flbesdireofiod o padon of & fewndfi the béond diuieBtseparated frobethe
reduced. In addition, .a portion of a flow of the second fluid is

separat ed f r ofFARrecEigiens fip GllRYiER jotenss VaEgE R isaragtrdie uitFt e si de
wal | of fdpg7concave, pafhork, Ih%reaﬁéav@rt%ﬁ filggt'}mmglaerecq%glharﬁa ,i%gditﬂ% flat

the main flow direction In this nmanner allows renewa of a flu
the concave pafite pgtibe 3pex foomadd Therdoref theceentl|finid Aaws aleg thet flat surface

formed at an acut e,angl with respec o t.he main flow di.rection,
[6048] pur ¢ nersbEsd A fus AuketEIRE 6t s By M e fosh et B B tisdueed.
3 are provi derh &itichN@por@pe Bf & e fihedeeaid flae e QpeRtcatives thewhit @fficiently
prevents a flow in the main flow direction from neandering and thus

can reduce a ¥ éxsgibed 3boye. arduthe islewaleot Biermoacare s h fy 3 dedghigngle
reander . P2t LTHLEELY By BB MRS, MOERLLE HELORLLY, Al A o
part 7 can becomsuapraessed peribtited mbrgiadiénly thin avhéd niidformed eancenramegle
part 7 can bew%ﬁ ?ésggc%?o %%rn?ain flow direction.
[0048] Furthermore, the concave parts 7 of adjacent ones of the fins 3 are provided so
that open sides thereof face each other, which prevents a flow in the main flow
direction from meandering and thus can reduce a pressure loss. Furthermore, since a
main flow does not meander, particularly at a point in time when the velocity of the
main flow becomes high, the entry of the main flow into the concave part 7 can be
suppressed. Thus, stagnation of a fluid in the concave part 7 can be achieved more
reliably.
[0049] Furthermore, although the fan 4 may be formed of a once-through fan or a
centrifugal fan, using an axial flow fan as the fan 4 can provide a wide flow path

cross-sectional area, reduce a pressure loss, and supply a large volume of arr.

Therefore, in the case where, as in this embodiment, the heat exchanger | has a length



reliably. [0049] Furthernore, although the fan 4 may be fornmed of a
once-through fan or a centrifugal fan, using an axial flow fan as
the fan 4 can provide a wide flow path cross-sectional area, reduce
a pressure loss, and supply a | arge voI ume of air. Therefore, in the
case where, as in this enbodi ment, thelhreat exchanger 1 has a | ength
- 15 in the main flow direction relatlvely smal|l conpared with its

di mensi ons i nn ahderain dioredirécios rebtifzélpwniaﬁi tdvepanad wvithl iswvdahianeiohs om other
can be forned.easily. Furthernore, vvard/revgﬂeyfe i nversion_of a

passage di r ecHieES 8 EaR Bl Fart 8% SCHP PR SFyorREE FASHY b FRtigRmOTe,
inversion of fhorwardelLVial&siohaiad 'p%a?é dirb&idhafsdt cad %@%fo@!’n%@%’l%eiy

in the foregoing description, the rotation direction of the vane
i nverted by tdaalyfriamughweﬁmoﬁfnewtrﬁf@wecherrer@tmro@ftbt fanife second f UI d

i's inver it al i S sblethtt t he.vane 6.].S .
 nor oasd08Ha decr sl if B loreet il smimiong RuBlackh kG bR vape 6 o
In this case,infdtRdLSeRNHT4 44l tHatithe MRFRI¢ATInAdT tBe delodd OIS InCertdd, ithilso is
the flow direction thereof fixed, and the previ ousI%e descri bed states

shown in Fi gossiBleathat theamem bf dhgyeneaboiatingrepssetand] Jecrempags with thegpghon
d for heat, h
used for healyexalionaeochetiec Hhe ting. a0dn (oW ASIVGENLIR Ao

3 can be sprea surtace" of

an i nprovenentith thehfad dixctiangereft ffixed el the[266dYslf S&dmbeld states shown in
Enbodi ment] The description is next directed to a heat exchangl ng

system 10 accdgdingd b ate bropglsigowntseentsint . Tk §r%g%%a$qsieﬁ9f ﬁ%tsexahan“e
confi gurati onal &g, i Slh% 4nli&, f&é@%&t%ﬁ% the fﬁfg%a;uf R f-‘efaaftﬁrgﬁ%u QBu@ce of

the first enbodi nen own in s di nt thefefromin
arrangenent dhe fins, Blerd’éygﬁowﬁgtau mﬁroarcmemtop heatewshapgptflicrenmg st at es

where a nd fl yi.d t hrough a heat exchanger 1. In the heat
exchangéﬁsiﬂ glﬁﬁ‘&@g m?erﬁﬁd a convex part 8 of the fm3 are
arranged so that tHEe &OAGAME PG dhect®d tRRM @kcHubEn @%t@mﬁ@%@&r&hgto a
convex part 8 of an adjacent one of the fins 3. Parts ~other tha

these are corsfepdraabosimentar F@Sﬁﬁlbpﬂmt bés @ penfiguration s treka PTeVlOUSIY
[0052] Fig. 8 509us %%Iaﬁo Fg fﬁ%‘%ﬂg uIL_] { sh%@.%sinn% belt i) g%{ent
oCi S

fins 3 at a nmaxi mum W ve S nunber ai ne

this tine W tthereéspert arrdnger@em dﬂﬂihsVB Of Fighes c@naayetcnﬁwiewz E(X@Bﬁllﬂr_g geates
2) as a representative Ieng{ﬁh has a value |arger than a critical

Reynol ds nunt#iere poesay A38eT Theovedi 4 bedt pehaggertine [ Sicohfat exchpeger 1, 2
flow ng ar Ou%n@ax;elﬂ%ﬁ PariQ &(h'vg;?ﬁart 8 of the fin 3 are arranged so that the concave part 7

of each of the fins 3 faces the convex part 8 of an adjacent one of the fins 3. Parts
other than these are configured similarly to those of the first embodument.

[0052] Fig. 8 shows a state of the second fluid passing between the fins 3 at a
maximum flow velocity. A Reynolds number Re obtained at this time with respect
to a width W of the concave part 7 (see Fig. 2) as a representative length has a value
larger than a critical Reynolds number.

[0053] A main flow direction of the second fluid flowing around a tube 2 coincides
with a direction in which the second fluid is delivered by a fan 4 and is parallel to a
flat surface portion 8a. This can reduce flow resistance and prevent the formation of
a dead water region.

[0054] The second fluid is at such a sufficiently high velocity that the Reynolds
number Re obtained has a value exceeding the critical Reynolds number, so that heat

of the second fluid between the fins 3 is transferred swiftly in the main flow direction



with a direction in which the second fluid is delivered by a fan 4
and is parallel to a flat surface portion 8a. This can reduce fl ow
resi stance and prevent the formation of a dead water region. [0054]
The second fluid is at such a sufficiently high velocity that the
Reynol ds nunber Re obtained has a vat Ufe- exceeding the critical
Reynol ds nunber, so that heat of the second fluid between the fns 3

i s transferreda sWléwl yMeanwhige, B 0 résutive dibeeRémohds- nubber VR@ havihp awvalue
Meanwhil e, as a result of the Reynolds nunber Re having a val ue o
exceedi ng t heXeg5dimectae %%&eu@ﬁm%bqr» RYFH LT Rk esgg Y eecity is

angul ar vel OC%-eE%’rlafcﬁ mgﬁ@ﬁngrﬂzra?éjpér? 7t heg &g@é’ggr iPahE b attiﬁg&?lut%@ WWinity of a

this, the hea ux In the vicinity o ace o m 3 or the
t ube 2 beconesrihieght tharfch B hushhedt kahargdidhe tane eusaheapexdhiange bftwetrea

second fluid in.the concav rt .7 and the f r.the tube, 2. is
onhanced corRarinn hfs Seaud ARRGR i GRcvk T R, 3 o I 5002 ishpbanegd
the concave %ﬁéid&aﬁgg A?%ﬁ@%&tﬁﬁ%ﬁ&?@ﬁc Q%%WEﬂaQ@t@fﬁe%o&EWe?M? and

the concave part). [0055] Wen the velocity of the second flui
passi ng bet wedsnomhérestdgnentysiagnaimorod adleet in thheorsaeg grighown in Fig. 9 is

br ought t. Th eynol d u r Re ained. at, this .ti.ne,has_a

val e sQPTEr ¢ nan® PR Re P Bl Rer i EeE fehvi b8 B3 & Becfeasea,
the concave tpaktate&hodn HOFI® iy Broghtf@bied ThE Reyhalgs Aurflies IReAstedned at this
angul ar velocity and thus has a portion extending out of the concave

part 7. Accortéhthdeya yahe soplieaxhab heagriical Keypelds sHmbeled [pdbis tstanaly e
W th respect te S I G 1.8) i :

respect Fo tHETRRATHT hrStruR A Eiaeh i s g3t e ukideiy ang s
i n the concaviespaiottion/eitendmgout&f theadncexchpange Ascopéingiyr thedobek Wedas a

a portion of that heat and a flow between the fjns 3, reqver, i
whi l e heat r el TGS e el TEHREASPE G BT S i 3?&&5*11& with
direction, heal,eeMehRNEG: REEMERN ARt Mt B 3 bl end RRtex R4S 1R&IAGve part

transferred ancfthe vortex /b in a forward-positioned one of the
concave part s/ i Fioust heat ¢xshapeefis padormdd00seFenn eportidreo/hbbéat yandfa flow

h d fluid [ he . f 3 i d . h
et ent  that MG FROREdIEett PR SOFr RA R BERrEo 1 Hrarh it Redoal T e

i ndi cated by magR 85%0Wrddion! MeatS badhensh @etivden £i@rtickD off Sthbrigdghhus being
about. In this state, since the maiin flowdirection is reversed
whil e a sl i ghiransipried end ethafvogisx afgin arfonrdepsijonadnenamal the eensave parts 7

concave part i ormed a flow substantially along the
concavities a%ﬁhéljégﬁgr&rlﬁ]te?'es of the fin 3. As a result, a portion of

t he secodsé] ui d tWaen thesvebdcityed thesecond fluid passing between the fins 3 is decreased

to such an extent that the flow direction of the second fluid is inverted as indicated by
an arrow A2, the state shown in Fig. 10 is brought about. In this state, since the main
flow direction is reversed while a slight influence of an angular velocity remains in the
concave part 7, there is formed a flow substantially along the concavities and
convexities of the fin 3. As a result, a portion of the second fluid that has stayed in
the concave part 7, along with heat, is transferred in the main flow direction, and a
flow between the fins 3, along with heat, flows into the concave part 7. That is, a
portion of the second fluid in the concave part 7 flows out therefrom and a fresh
portion of the second fluid flows into the concave part 7, thus renewing the second
fluid in the concave part 7 (renewal of a fluid in the concave part).

[0057] When the velocity of the second fluid is increased after a further elapse of time,

the state shown in Fig. 11 is brought about. In this state, the influence of the inertia



the concave part 7, along with heat, is transferred in the main flow
direction, and a flow between the fins 3, along with heat, flows
into the concave part 7. That is, a portion of the second fluid in
the concave part 7 flows out therefromand a fresh portion of the
second fluid flows into the concave péH‘?, t hus renewi ng the second
fluid in the concave part 7 (renewal of a fluid in the concave part).
[0057] When tdiehyetcond tipidind hba segend! fréxintahce oni menbas of thef foed iacreases
further elapse,of tine, .the state sho in Fg 1 1 is.brqught

dbout -1 ¢ hrauge peftEe i REy R C B Y il ertmds 48 Wi eng e
fluid and of @ntangeniddatodvesitied @RaBe @ 3. SWETAERURS a tWdgiek Mc3begins to be
increases wth an increase in the velocity, so that it gradual%y
becomes di f f igen¢reted@t £ boiipraP@mgeh e @oryaPREi’es and convexities of

the fm are r c ' - .
bottom 389?%3(:‘3 of S‘Fhéeﬂ @%ﬁ\ég&%?ég © %g&tag%’oug]qs eﬁreen %hnigﬁgéerletgcaﬁe;&gfy Wlhoge
second fl ui d fisv divestpasecevbtsed et that & whelppeiduglwiwatbedf dtawsikiweat Figng

is reversed fromthat in the previously described state shown .in_ Fi g
9 and whose Fagrhossdwepsudsggsnualdo thain the ape siprehe ptateeshopRan digtld s
shown in Fig., | ro '

formof the vbé%t%%l;t(at}%lﬁge%grmastsgag&% ag hgb\}\érﬁy d?f?ll%lt&?g@e ﬁﬁ@g?%%}rﬁt%%aag shown
whose magni t uddig.sl lequalktet Gb timse nraghineless atpgal sb ovan in theFitage sowmimdFig. 9

whose rotation . direction is inverted fromthat.in the sane state i
formed.  Thus, AAREISE FUaiqdertos idny iR it Mo war FRkLS o M008By
The vel oci ty 1kt & hensesang thd phi sy HRsdigased further to a velocity

whose flow direction is reversed fromthat in the previously

descri bdd0&%t]at e shdwrvelasitFiod thegsesand flwitlois enareaged further tosa eglgaity whosehliaw

in the sane state. As a resplt,.simlarly.to the .previousl N
tosor bed ot aidtfon Srefet b bund B bf el der RS2 in Fie. 8 and
transferred sidskthagnitadd Reedqml o fihadVin dhé 86he Qfite/i Aa frely, similarly to the
Meanwhi |l e, a vortex 7a having a large angular velocity is generated

in the concavdcHaysly fescrthed afafe: Bpat afile secane sluidhbaiweery g dust alrgpsicsred
Figs. 8to 1 DU Lg:1whi i - 1

of the secoﬁ%‘ﬁ ?ﬁu@éﬁ%%g%gizégﬁ?gﬁ?cgsﬁﬁﬁig\%%m%ah% I%e&gtgggﬁg; a?lln%iagﬂge
i s nmade vari abkelar ivelonigms pembeatéd lnovhe atrepvapati’s iTeenfied the sfatesvwwhown
direction. [0060] .According to.this enpodinent, simlarly.to the

firer enbodt AETECITIE AUokE B/ 12388 BroRER Ao LEP LU g WhisR i 2 flow of
provided in tihe stdhnd, I GhnRXt BAGHE Rl el T@GhL QBond R3O A Warik g in

flow direction of the second fluid, so that a portion of the second
fluid passi ngnéssitpde (floavhentd) msd B ihvertes! in flpprdiesgtiém t he concave part 7.

Fur t her %6@0] According to this embodiment, similarly to the first embodiment, the concave

part 7 and the convex part § are provided m the fin 3, which extend in a direction
orthogonal to the flow direction of the second fluid, so that a portion of the second
fluid passing between the fins 3 forms a vortex in the concave part 7. Furthermore,
the flow rate of the second fluid is made variable at a regular cycle, thereby providing
an effect that heat transfer between the second fluid and the fin 3 or the tube 2 is
enhanced via the vortex 7a, 7b, or 7¢ in the concave part 7. In addition, stagnation of
a fluid in the concave part and renewal of the fluid in the concave part occur
repeatedly, and thus heat transfer in the main flow direction A1/A2 is performed
steadily and efficiently. Thus, without dependence on heat conduction performance
of the fin 3 itself, a region used for heat exchange between the fin 3 and a flow

between the fins 3 can be spread throughout a surface of the fin 3, thereby allowing an



the flowrate of the second fluid is nade variable at a regular
cycle, thereby providing an effect that heat transfer between the
second fluid and the fm3 or the tube 2 is enhanced via the vortex
7a, 7b, or 7c in the concave part 7. In addition, stagnation of a
fluid in the concave part and renewal - -the fluid in the concave
part occur repeatedly, and thus heat transfer in the main flow

direction Al /iﬂ%rdxﬁen‘&ﬁfﬁnﬁeﬂﬁichﬁgeaﬁidiencﬁ_nd efficiently. Thus, w thout
dependence on heat_ conduction perfornmance of the fm3 itself, a

regi on udedlilf or hedtrthesraiane flowt disstion AEtErrPrd G PrSBR beptepdan fins 3
the fms 3 cang %gve%t%%% LRLRHIDAET R S ftﬁ‘(ﬁ?orﬁlfati&?%ffa' Bead: w&terB%ﬁﬁﬁ in a
- - np Cc 0

all owi ng an rovénent 1 n heat exchange efficiency.

Furt her nore, ddwensfréanpditicacdfi thn tofe 2 hen deqoetnfdduioda passt riggileettiveen the
the fms 3 is inverted ggm.a regul ar cycl e, andflhus t he for.rraLi on Q

a dead wat er FBYFHRIGINCENIGHEN PSR BOTEFOA GHCCIHTerPRfreCHOR@n AT PPt the
prevented to 12,0684 %k degree than in the conventional technique.
This can increase an effective cross-sectional area of the heat
exchangelif042] [ 006 Zurfiamidrerthorcecardipart dn€eack o dret firiz ofacesabh cafvek pert 8 of

fmse 3 faces the convex paft, 8.o0f, an adjacent one of the fns an
therof or e, VB PH e Ab G & THETFITOSa aPen U euavapEane fne 3 are
decreased di sfant@e farRMeeaaMiRiNe Hont BRhSRESNGe kéddhd RARERAI RO thus is
thus is allowed to travel w thout the occurrence of an increase in

pressure | ossillopgd 63 ravehavithpetehagqurrshce Han desviena & paFstIe7lopiy be

obl i que he maif. fJ. i i I ] of- IR, :
ri ght an[gﬁ%§]or an %ugtlée)e%é{%ﬂgpg&\%\jcﬁ ﬁcﬂvﬁgwﬁﬂﬁer@%gEOS%F #a%hgé;_cf@h&,
Furthernore, dnlgenoongefealar it férrand righe aggdavexnprute detawitexheddt swfae
direction oblique to the main flow direction. Mreover, it also is

possi bl e t hatPEHE 83 prilEHICHRICy1AREOBAYS PRI Cr BRSEE CamE RIET LSS X\ ip @
the vane 6 roc%ﬁ%kﬁ&'u bp?ngﬁem%é%&ﬂ A0y d&&}iw SVIGASGer, &thﬁ%oﬁ%cmgby #hOhe

i
is nmade variable in wrate with the flow direction ereo i xed,
and t he previmpustfithdeseré bederstsat esd shawsed withi ths vai® @rdated ar ene direction.

brought abo epeat edl vy. 0 4@. Thi,rd Enmhodi nent] . Fi 34s a._ .
schemat i o st MHCEBSRevER WESHERHY i Hda 2Bath dhetor4s AErhe dodofarsrgn
to a third enhedbMidd, ah®@fhel frevisalie dedcriB@NYaRE ke Bf FigX R atBd a@Nbrought
li ke reference synbols denote parts corresponding to those of the

previ ousl y dezberitspertedly.st enmbodi ment shown in Fig. 1. In a heat
exchangi [ra)%@]yst em[%ﬁg%%ogw&ﬂt o this
Fig. 13 is a schematic structural view showing a heat exchanging system
according to a third embodmment. For the sake of convenience of explanation, hike
reference symbols denote parts corresponding to those of the previously described first
embodiment shown in Fig. 1. In a heat exchanging system 11 accordmg to this
embodiment, a vane 6 of a fan 4 is configured differently from the first embodiment.
Parts other than this are configured similarly to those of the first embodiment.

[0065] The fan 4 is formed of an axial flow fan, and the vane 6 is composed of vane
blades 6a and 6b having mutually opposite angles of attack, which are arranged
alternately in a rotation direction. The fan 4 1s driven at a constant rpm, and in the
figure, with respect to a left side portion of a heat exchanger 1 opposed to the vane
blade 6a, a second fluid is introduced thereto in a direction indicated by an arrow A3.
In the figure, with respect to a right side portion of the heat exchanger I opposed to

the vane blade 6b, the second fluid is introduced thereto in a direction indicated by an



enbodi nent, a vane 6 of a fan 4 is configured differently fromthe
first enbodinment. Parts other than this are configured simlarly to
those of the first enbodinent. [0065] The fan 4 is fornmed of an axi al
flow fan, and the vane 6 is conposed of vane blades 6a and 6b havi ng
mut ual |y opposite angles of attack, whith are arranged alternately
in arotation direction. The fan 4 is driven at a constant rpm and

inthe fi guraermwm h TR&REGH atp@sidloh @%}505&@. dethpathd BIAdOba,a Mgatlow direction
exchanger 1 opposed to the vane bla 6a, a second fluid is

i ntroduced t btk sepnd Auidinasarg biwpeitesal afiths eaexaliansey A5 revarse tppkat in
fi h
igure, Wt ta[]gésl?t?&lt %{?@ gd t%QHé %59%13189%3) %nm%fi addeph e 8’§ce d%ﬂ[g%d lag,

opposed to vane e secon I's I'ntro ereto’
ina directlcagmadkmﬁted by an - 19 arrow A4. That is, in a position

opposed he va e 6a, main fl ow direction of t he cond
f1uid pa{b@? g bet ﬁgat@asleﬁmlﬁe%e%wwgth by Fiatiod, ol e Vil 6, in

that in a p%é Hb@e, t‘l’l@ﬁ’éﬁ?ﬁ@e g&ybﬁ% fgg%]%atbéxe%o@h %%g?@éi:'d‘%@’ﬂ?edvaﬁé’ bla€6b,

arrows A3 and A4, Tespectively. Wien the state shown in
14 i s broughtandbbaisecbyd floidak inprodoted theroyamethd directiont 1hé1cimeg oy ethe amew Ad.

| eft side portipn_of t xchanger. | |s o o the v

bl ade 6b. " ark Ph ok SR RAGE POTPRGE Sifu bt FHERGHo! Propieed 1 the vane
di rection indilgRt®d 2Ry tHehRcddd BWdAY intrddcddBiefd @l e R8s %tcaeuct@ the
portion of the heat exchanger 1 is opposed to the vane blade 6a, and

the second flagiow Ag. | Reithrawersd atflver eato i eachied teii partiensont ﬁhﬁdlﬁ@aﬁtxeblﬂﬂﬁ?r 1
the arrow A3dec1F %ets ran?he Vane bfla OW6ar 91%1 6B 8% v?)é%()m}} r%‘n%%nsd bhil re

t he heat exchanger ecreases e vane

away from t hevipardhk @m&e dhded 6g rae@%SrotaM&n appieachahe poltanes @Eataﬂdhﬁhgh
rotate to approach the portions. That is, through driving of the fan
4, the flow rarvégp! thelaedott flrvi #HaEdhh§eRe i Repdngdypugh the heat

exchanger 1 'e%clf%fﬁxusférd@é%lv%n ?aﬁc?ﬁ:e@%s"s% é?:'nbﬁfﬁe&-%g id NeLel 1S

inverted. [0067 asim at o) first
enbodi me[ﬂﬂéijan be ﬁims,alansanbilar Rafictt owlthat! yf lthrc ﬁrﬂtsemhﬁdnlndemremu bt hataned.

is no need t forwar ever rotatio fan

Uner eby achi R B AHAAT CAY GIeH LEFS BHAMPEERIR gt AR e rotation ofa
enbodi nent . fEﬁlEﬁdﬂ&f PRFDy LBlWREd HEMRHER HiPbRY R Bl &F thafrMetn®bdinint.
inverted at a relatlvely |l ong cycle due to the influence of inertia,

and the vane hirhgenss, f@m@ldfrp*epgeﬁ‘e@taimerofamfanammor nSamyelm i @nalaifveiyhleng
heat exchange t haorter..th n th cycl ref
R aifd &}y@e Enfill encFeé" a%f?‘ daEh Yatie i;bl? ! eﬁa oF & %s%eﬁlover an

passage di rect’'ron can I nver an i ncrease uency
fixed tinme perbiadry pdoosnsetiie htdt ¥xcishagnaticotle aidter eRewWadt cofleca Thaséfdre, a

in the concave part_can be perforned
passage direction can be mverted at an increased frequency within a fixed time period.
Consequently, stagnation and renewal of a fluid in the concave part can be performed
at a higher frequency than in the first embodiment. As the heat exchanger 1, a heat
exchanger of a configuration similar to that of the second embodiment also may be
used.
[0068] [Fourth Embodiment]

Fig. 15 1s a schematic structural view showing a heat exchanging system
according to a fourth embodiment. For the sake of convenience of explanation, like
reference symbols denote parts corresponding to those of the previously described
third embodiment shown in Figs. 13 and 14. In a heat exchanging system 12
according to this embodiment, a vane 6 is attached to a fan 4 differently from the third

embodiment. Parts other than this are configured similarly to those of the third



at a higher frequency than in the first enbodinment. As the heat
exchanger 1, a heat exchanger of a configuration simlar to that of
the second enbodi nent al so may be used. [0068] [Fourth Enbodi nent]
Fig. 15 is a schematic structural view showi nhg a heat exchangi ng
system according to a fourth enbodi e - For the sake of convenience
of explanation, like reference synbols denote parts corresponding to
t hose of the ¢fieMdioaisl y described third enbodi ment shown in Figs. 13

and 14. Ef n aﬁ heat exchangi ng system 12 according to this enbodi nent

a vane dP&latt achde Yagead rarha fen friaslades) yarer Badesnes evd ol having mutually
enbodi nent. P. 0, hi fdgur.ed sin arly

of the third @B%Cegﬁ%%i%ﬁt??ﬁ'[ o%ggt& A S pga’é?éﬁn%?e%fégrf)e%&féﬁ%?gﬁ”eegn
vane bl ades 6Gasandf HShedhaxiinggart aad khe vaop plzslied €2 amble sreafitadtetiac lbothlends

not or shaft 53 i,s provide 0 as to.penetrate between fins 3 of a
heat exchange¥ € E’r?&"ft Cﬁi!éa%vgﬁe fﬁglpﬁﬁlé@g’fiasoaﬁﬁl BbS ?é”g‘t e hedt FE°BBET !
ends of the \ptwehaft 5a, respectively, so as to sandwi ch the heat
exchanger 1 therebetween. [0070] The fan 4 is driven at a constant

rpm andOPlt he fiTherfen 4vik dhiveresipeconstant gprh,ednd inghelEgwer witbmespéctithe left
heat exchanger, | oppos to the,vane bl ade 6a,.a secon luid iS,q...:

i roduced ¢ ruiscraaRR S8 Rk PRI ulPe By T Pall hs. fosoRhguid i
figure, W th infregRee tthérerodin’ h Hitectbmdiitdd 89 £f atdie Avatineme & wikh
opposed to the vane bl ade 6b, the second fluid is introduced thereto

in a directi ofsHeAdiOcAEBE Bie paitien pbiheAwat Tchanger 4 opppsed tpdks vansrblade Ob,
opposed to t . | 0 i t:l 0

fluid passi rt}ge %@c{&ﬁ%@lﬁﬂfﬁeﬁtﬁ?%@e@g& E% flﬁnexvﬁlg!?a t%glxﬁé lg%tg%rb g?ﬁi%%r&,ef\ggr sléhat
to that in a ipdsiatpoifion oppmseth the virltehlvdeta, bhadefllGb dasctiondifelad sedodalyfluid

the arrows A3 and A4, respectively. [0071] Wien the state shown in .
Fig. 16 is brRS§yhe babeer tgi/%%@a?ﬁ/%‘ﬁ hspt pfrBaggRd B, Tersise ihHat fyq hesition

the left sidepgedii@mdfagt BdbgBhs BHEARAGS thedakSwORPAFEAAL Rsidifiveiane
bl ade 6b, and the second flurd is iIntroduced thereto in the

di rect i d®0VHdi cat edhbytherseatashoowm g, 16nistbhaight gomie by rétetion gfithe yhmkes, in

portion of t eat ex nger IS osed to the.vane | ade 6a n

Dot second 114r e FRIERAE bortonaf SRR ehdet TSt dtup e e,
the arrow A3ndhbé sRendBne isdndddited Blefetd th @RGHcOfiord RBicRRA thyQRS aBbw A4.
t he heat exchanger | decreases when the vane bl ades 6a and 6b rotate

away from t henpde tiggies theghtngdenaisien of the heat exchanger 1 is opposed to the vane

blade 6a, and the second fluid is introduced thereto mn the direction indicated by the
arrow A3. Furthermore, a flow rate in each of the portions of the heat exchanger 1
decreases when the vane blades 6a and 6b rotate away from the portions and increases
when the vane blades 6a and 6b rotate to approach the portions. That is, through
driving of the fan 4, the flow rate of the second fluid passing through the heat
exchanger 1 1s made variable and the passage direction thereof 1s inverted.

[0072] Thus, a smmular effect to that of the third embodiment can be obtained. As the
heat exchanger 1, a heat exchanger of a configuration similar to that of the second
embodiment also may be used.

[0073] [Fifth Embodiment]

Fig. 17 is a schematic structural view showing a heat exchanging system
according to a fifth embodiment. For the sake of convenience of explanation, like
reference symbols denote parts corresponding to those of the previously described first

embodiment shown in Figs. | and 2. In a heat exchanging system 13 according to



when the vane bl ades 6a and 6b rotate to approach the portions. That
is, through driving of the fan 4, the flowrate of the second fluid
passi ng through the heat exchanger 1 is made vari able and the
passage direction thereof is inverted. [0072] Thus, a simlar effect
to that of the third enbodi ment can be?bbtained. As the heat
exchanger 1, a heat exchanger of a configuration simlar to that of
the second ehdscanbventerd) s ondlyisbheruskd! a pOG#AB ouekifit budindscdenventldw fan,

Sysiem accorlimy T SUFPEI! ShBgaHEHE T an D Jakar O CongaRTingy o
of expl anati ofispdsek s edeBhbEbEAER SRS 268RAR: PR IR GArH8S BRRAMGcakiRg
t hose of the previ ouslé described first enbodi nent shown in Figs. 1

3

and 2. In a respraéivalygi ng system 13 according to -21- this
enbodi ne a fan 31 i.s r.red. of , a._oncge-1 hr.ough fan such.as .a cross
Pl ftbrafh o0 B W aRoAogitla Sr0RRgah it B BAEDr 3 ify8spEane

of the first &uhadid® tht Sotaths pR&EEn Aber€AGH ibferteeNMnNYB B33A8g@ddor3 2then
that are provided on both ends of a casi ng 32, respectivel ﬁ [ 0074
The fan 31 i sthe &m? baptaiehisdidedtiop indicgded phan ggav Boreestond Hpddiees

and decreas . i LI i fL .S Jd nted

this confi gu‘ratg'? ?g%ﬁ%g%&%%%ggkﬁg tf?’%}?gi It]ajlé&lﬁﬁﬁéj yda?x r%@&?é&' i H‘Q%%é?%%n
by an arrow BB rotatsae ardirettian ddichiedbdy kn arrowtBeasahewn ngFig2 &8, ttbevsecond fMed
opening 32b as indicated by an arrow AS. Wien the fan 31 rotates in
a direction iﬁ%?%g?]@dﬁ%%%gg@éwgﬁh ORPBGI 2R/ _Fﬂd&ateiléj,y TS Bnd
fluid flogys) fromthe openiiRg S&P: tOWRLdof e FPENEAG ERen@Sal I GRLIGL.
by an arrow 'A6. [0075] Thus, a simiar effect to that of the first
enbodi nent caferberlobt &y nethg a Ract-tloalig Fan by inghin gododmomt,t hrvolgie fimd a

as in this enbodinment, .a vol.u and a..velogity.of .air in an. axial
Girection of VI Pan 1S bR CEEGhOpEF SEth Gl gr fir R BIRL Byptane
Fig. 17) can yErignds chPbemdbé fRrdhtitam thih fBe ea886f @mg!gd HPalofbvdFdndhnd
flow fan and a centrifugal fan, respectively., This configuration
therefore is &tfrafypel farregneniivaly.nglhiy aerfigurmtivadberefoehiarigdable for achieving

/F;gr formance | &hi%n%%a icﬁzlngg'géﬁﬁﬁﬁaage oo %ﬁ%ﬂ?&&ecﬁéﬁ Bf‘ﬁﬁ%reaéexcﬁa%gg@.
t he heat exchanger 1, a®heat exchanger of a configuration si ar
to that [@D761t he se&otia heabodharest 1 ad beat BRGhabeer WS @donfrpurhiier simitler tol that of

also is possible that the rotation velocjty of the fan 31 is d
variable wit ht%f RECPELERIoGH Aot bt Heeo mfff—l@z@&.re, i AlSe A goa%ﬁfeﬁlat the
the second fluigioR3sRtRgof ME MO LheidieatiaiX GRARNEE otdrioh BB thereof fixed.

variable in
In this case, the second fluid passing through the heat exchanger 1 is made variable in

flow rate with the flow direction thereof fixed.
[0077] [Sixth Embodiment]

Fig. 19 is a schematic structural view showing a heat exchanging system
according to a sixth embodiment. For the sake of convenience of explanation, like
reference symbols denote parts corresponding to those of the previously described first
embodiment shown in Figs. 1 to 2. In a heat exchanging system 14 according to this
embodiment, fans 33 and 34 formed of a centrifugal fan such as a sirocco fan are
disposed on both sides of a heat exchanger 1 of a configuration similar to that of the
first embodiment, respectively.

[0078] The fans 33 and 34 are driven alternately, and the rpm thereof increases at a
start-up of a driving operation and decreases when the driving operation is halted.

When the fan 33 1s driven with the fan 34 brought to a non-operation state, a second



flowrate with the flow direction thereof fixed. [0077] [Sixth

Enbodi nent] Fig. 19 is a schematic structural view show ng a heat
exchangi ng system according to a sixth enbodi ment. For the sake of
conveni ence of explanation, like reference synbols denote parts
corresponding to those of the previous?y-described first enbodinent
shown in Figs. 1 to 2. In a heat exchanging system 14 according to
this enbodi nind ﬂoWarﬁsnB&eafmﬁ@ﬂaW&d theda083 & g diredtichlugditatédby snamoas7.
a sirocco fan, are . on_bot [ of _a heat exchanger 1 of a.
confi gurati on i e PR R ttﬂf’efsan%s%é?ugélﬁ{?o%?%?ﬁmtlﬂé‘g&é%'t‘% Sapg in
[0078] The fans 33 @Bdedthdfi@ddidweBod! HRMAAI A YowADGhd RE 5PH ta“@ifé%ﬂf)n
increases at a start-up of a driving operation and decreases whe

the driving opdicaied by apsresd ABd. In Wisemartrien thaflo@3atesofdhe veandvfluld mdssng

fan 34 broug to npn- operation.state econd flui.df i
from the an A el B ReciaRtok if llriind il faRsiimiL s atppglonndhection
arrow A7. WegetthgidvaRed4 is driven with the fan 33 brought to a

non-operati on state as shown in Fig. 20, the second fluid flows from
the fan [@@75ﬂowar d e 4 simiky effgctgtod @te‘tﬁth@rﬁrsﬁﬁﬁ@h@ﬁﬂ@lﬂ cpy barpbgainagw The
A8. In this | Q 44 |dpassm

t hrough t he heat exc‘%gﬁﬁgﬁes? ){gé ?Oncreggg ng reagsoé anc?lglonwafaﬁ and,

fl ow directi aforetphefe@bly, tiseyi v dfrteed. of[aQQZ@ifugreiM@n sithsds 1 didkc@tdhectThisds
that of the first enbodi nent can be obtained. The fans 33 and 34

al so may be f‘%’iF%Euﬁiﬂg&CSﬁfé@&aﬁf%r?a%ﬁf §F faps 35adi 34rallows pedesiraghigrm of
more pref er aky u?gd del16¥yalon! QLB 1@ C B {uga{i {;gnaﬂﬁhﬂ&%ﬁ proplem.

sirocco fan. Is 1s “because using a ¢ an as eac
fans 33 and 3hesdfbmypsvea iddsi casd whererthoheat fakqhnadgcﬁell ofitbe yeaevmhamgmg system

there is a | ressure as an.intrin roblem_ Therefore,
even i the deESyHE B ERE REGKESk nitgBrioy SHfEnHoRLieas ihare: Higtenee

system 14 hgsrdfnifer@ased obhifddneas e ghe eH@daﬁgér' pwaCﬂaﬁ@@,&dhqﬁ er of a
effective heat exchange performance can be obtained. As

exchanger 1, C@nﬁ@lﬁ@fi@kwﬂﬁ@@rth@fof she seenm(di egahodirhen alsp mayae ULS@i t hat of

the sec nbodi t al used. [0080] [ Seventh Enbodi nent]
Fi g. 21%@8@ schegggvenﬁlsé J;l?ura vi ew showi ng a heat exchangi ng

system accordi ng Rig 2l $ewesdhbmendegndranl vidwoshdhidg S@keatofxchanging system
conveni ence of explanation, like reference synbols denote parts
cor r espondi n@CEQTdtDﬁdg & spyenithenbpdiprRus For e 586 ggnventence of Explanation, Tike

reference symbols denote parts corresponding to those of the previously described
sixth embodiment shown in Figs. 19 and 20. In a heat exchanging system 15
according to this embodiment, with respect to the sixth embodiment, tubes 2 of a heat
exchanger | are arranged in an increased number of rows, and the heat exchanger 1
therefore has an increased thickness in a main flow direction. Parts other than this
are configured similarly to those of the sixth embodiment.

[0081] According to this embodiment, a fin 3 has an increased length in the main flow
direction, thereby allowing a heat exchange area to be increased. Furthermore, fans
33 and 34 are formed of a centrifugal fan, and thus a desired form of fluid delivery can
be performed even when there is a large pressure loss. This allows high heat
exchange performance to be obtained.

[0082] [Eighth Embodiment]

Fig. 22 is a schematic structural view showing a heat exchanging system

according to an eighth embodiment. For the sake of convenience of explanation, like



si xth enmbodi nent shown in Figs. 19 and 20. In a heat exchanging
system 15 according to this enbodinent, with respect to the sixth
enbodi ment, tubes 2 of a heat exchanger 1 are arranged in an

i ncreased nunber of rows, and the heat exchanger 1 therefore has an
increased thickness in a main flow diré&tion. Parts other than this
are configured simlarly to those of the sixth enbodi nent. [0081]

Accor ]g: ng tg r%feirﬁlcembm@ﬁmﬂﬁgoteaﬁrm aadmnﬁlmgi :mcmeﬁéseﬁtﬂeemgbhutmbdemibed
mai n ow direction, thereby allow ng a heat exchange area to be
i ncreased. FuFtRefRddmestafhowngm Ligs 32 %2@-orweaa®@t S ehepemegrygam 10

fan, and 1t huis,8o4es! h atks LR BURfenl ket KARY sEALmBRIREH! QLIPS oY Bk
when there is a large pressure loss. This allows hig eat’ exchange
per formance taxchangebtlaianedrah@d8?] apEingteptedEnbotemehtrpwEi gud 2%0i simalarly

schematic structural .view showi ng a heat exchangin ste accoy di

Lo an i ght h CHBGUEIERE! PR et G S BRE 5 B8 Y S oo 5P SYPMATER | orf A
l'ike -23- ref@ngnem wElRé SoRNRIUS PRSI0 RS RRAGKNBmbediRase of

the previously described sixth enbodirnent shown in Figs. 19 and 20.

I n a heai00&Xlchangi Hig yosheanexehangers dr atierisioeed i & ceamippdd matit a paititian 35a

respect to the, sixth_.enbodi nent,. tubes 2.0of .a heat xchanger .1 ar
arranged in a]ﬁtef%oé?gg%eg%eﬁvﬁ er 1Bf p?‘%@gn 3_8%3 ) giarﬁW;SFP ion in (5 figure
configured heall (BxChRNGERShdF ExdMbMEIReh &jrttBullyais iR cash éther. heatordingly,
exchangers 1. Parts other than these are configured simlarly to

t hose of the % k¥d hessagharees.] hayogs]ingpesed aeHet2 BNy directngr &t an
di sposed in j it D rtifi jnt .

t her ebet V\een?‘lp%ﬁlzb%g?%?% ?Mgnc g%@%gs’s&ﬁg}ﬁiélgggf’égldl %)srv%ea?é g@?’ I grslo ih tOt tl)ﬂleelsomlEEd
figure and tfhus cati omer bheheheaiticaxXichangefass 33 ol Sbarulispoaddeatwhd bpenings

each other. Accordingly, the two heat exchangers 1 have an increased
length in a ?h’i%r@al%gr%meé@f bn. At an upper portion of the casing

35, openjongs| 35b %&ﬁg@&m%@bﬁﬁﬁ&%ﬁ hhOaPRiclcdQabeth if 1,0 MaGAshy
other by the partition a, and fans 33 and 34 are disposed at the

openi ngs 35bdeagtioBBed thedwp detti axghangefsQi084 |prorddaslr identyy side,tthérsby allowing a
enbodi nent fm3.has an increased.le h in the main fl

direction an etaﬂ]%xcm%gehaé%ﬁ t0¢ clﬂ%fﬁﬁgg's eﬁm%eo{;’leégﬁ %i %lélojo\%ymgfod'g{ed of 2
t hereby al | oviengifagal g tan@NaRAWSIr&! Ramtod e ddEEe6aSathe Jefothal &Rk &vhen
the fans 33 and 34 are fornmed of a centrifugal fan, and thus a
desired form@Berefisd Hrgpepiosars lasan ‘bleis pdpwe hagiyheay epchgnen petfprapasce 4o ye
| arge pressurg,l.oss. This allows high heat exchange performance to be

[0085] Furthermore, the fans 33 and 34 are disposed collectively on one side in the
heat exchanging system 16, and thus this embodiment is effective in the case where an
inlet for drawing in a second fluid from the exterior and an outlet for discharging it
should be provided on one side in the heat exchanging system.

[0086] [Ninth Embodiment]

Fig. 23 i1s a schematic structural view showing a heat exchanging system
according to a ninth embodiment. For the sake of convenience of explanation, like
reference symbols denote parts corresponding to those of the previously described
sixth embodiment shown mn Figs. 19 and 20. In a heat exchangmg system 17
according to this embodiment, fans 33 and 34 formed of a cenirifugal fan such as a
sirocco fan are disposed so as to be opposed to each other. Furthermore, a heat
exchanger | of a configuration similar to that of the sixth embodiment is disposed in a

circumferential direction of the fans 33 and 34.



obt ai ned. [0085] Furthernore, the fans 33 and 34 are di sposed
collectively on one side in the heat exchanging system 16, and thus
this enbodinent is effective in the case where an inlet for draw ng
in a second fluid fromthe exterior and an outlet for discharging it
shoul d be provided on one side in the-Rtat exchanging system [0086]
[Ninth Enbodinment] Fig. 23 is a schematic structural view show ng a
heat exclig8gli ng systeding a€ootdi fags 3Damd Bv Btdpeanbonk ahthereb)wheheosalags
of conveni ence of explanation, like reference s nbolﬁ%penote p%%b The

cor r espondi ng?®IHEEE D ormad 5o AB{A RSP pied i £

shown in Figs t cQr di
to this enbodlllerar%%ﬁ(:%%aeﬁg 3?,@5@33&%@& g%(ﬁggag? a ?ﬁ%@%‘%&alﬂf%ﬁ sgggfaﬂs

as a siroccod¥ aml 3 ercdligpesked tbootsr twl bithepposeds tso asache oppused to each
Fur t her nor e, % heat

f | to that
o ner o SnE SR raRe HeRaeh Badhe ProRrs Bl a Mol ¢ Subdiicare
of the fans %$1t@@£th3ﬂher tBfbugh QB vy C o agm%ﬁlsqffthmanfsaa%naémanhé%ﬂans

is open at one end thereof, where openings 36b and 36¢c are formed s

as to be isol ¥ add fidodravadh oishendbiuid maftltei akieh dgeetionThed dhlregr it in the
exchanger 1 igs_di o%egdso as to lie across the openings 36b and 36c.
The fans 33 éﬁﬂ o ofFd BQSed at the other end of the casing 36 so

as to befoopposed tTheeRsd 330hl8H 4 daverdXicthatéll ) &4t ihoRpmanéted h@creases at a
openi ngs 36b and 36¢c are allowed to conmunicate wth each other

t hrough the pd#tpiodr SBUNS\PPAEHAG aBd deprsaten idhesathy kv, opmkdiongs dialted.
33 and 34 draWh'er h%fﬁr? rﬁddrweld' Hﬂﬂetfg}j[%ﬁfiér'g?z!ghﬂbr %5' %81?@ d;g% Afh\é%écond

it in the C|rcu eren dlrec 1 on ans
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driving oper on_a ases . n t he dr|V|n operation is halted.
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state, the seggndy a‘hleugeéoﬁd aust ﬁ&%ﬂ%ﬂﬁﬁ@&éﬂ &%ﬁqh&%@@%%ﬁdﬁ&tﬁn
direction indiated by an arrow A When the fan 34 is driven wt

the fan 33 briodighted by aa anom dper ahnltbln reznatre thesflah omp of the sEeagd fud p@Shleg
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second fluid passfBanvetaaough the heat exchanger 1 is increased and
decreased and a main flow direction thereof is inverted.

[0089] Thus, a similar effect to that of the first embodiment can be obtained.
Furthermore, the fans 33 and 34 are formed of a centrifugal fan, and thus a desired
form of fluid delivery can be performed even when there 1s a large pressure loss as an
mtrinsic problem. Therefore, even in the case where the heat exchanger 1 of the heat
exchanging system 17 has an increased thickness in the main flow direction, effective
heat exchange performance can be obtained. As the heat exchanger 1, a heat
exchanger of a configuration similar to that of the second embodiment also may be
used.

{00901 [Tenth Embodiment]

Fig. 25 1s a schematic structural view showing a heat exchanging system
according to a tenth embodiment. For the sake of convenience of explanation, like
reference symbols denote parts corresponding to those of the previously described
ninth embodiment shown in Figs. 23 and 24. In a heat exchanging system 18

according to this embodiment, with respect to the ninth embodiment, the fan 34 as one

of the fans (see Fig. 23) and the partition 36a (see Fig. 23) are omitted, and a guide



[0089] Thus, a simlar effect to that of the first enbodi nent can be
obtained. Furthernore, the fans 33 and 34 are forned of a

centrifugal fan, and thus a desired formof fluid delivery can be
performed even when there is a large pressure loss as an intrinsic
probl em Therefore, even in the case where the heat exchanger 1 of

the heat exchangi ng system 17 has an increased thickness in the main
flow directi omit 8§ isepivided. hkats ehahthageepe pfeoramiipeed canildry wbthasenedthe
As the heat exchanger..1, a heat exchanger of a configuration simlar
to that of tH@méé@gﬁéu%ﬁﬁodinent al so may be used. [0090] [Tenth

Embodi mepuobiF 9. 2Phd Suide SGRETRL forSbd WE Rl Wo SAINIAG A dR8ded on a
exchangi ng system according to a tenth enbodi nént. For the sake of

conveni ence ofovexpranatdeed a Thi k2 and efabesethe dlosydrrstien demetceng duidsdelivered

correspondi n 0 those pof th revi ous descri-b ni nt.h enbodi .
o oME 038 MEORE B I LE R Rl SERCC RS le SRRTIARRE i
to this embodpiwided sl dshtor B REEdsed Qo thGorfioNtdt € KA @RMtger tiNextéingsh a

as one of the fans (see Fig. 23) and the partition 36a (see Fig. 23)

are omtted, @Fgtan pepedicds to theinlagafitke PEWi ded. Parts other than

t hese ar figur iym kLardy:te.those:of I dj .

Dons) “ROORL! L2 e b 1Y a1 AL RSO i
di sposed on aflowlonsi caaip 3 tepating theng 33 pandn mlkeshebhexchhi@er 1 other than

di rection of second fluid delivered _fromthe fan 33 variable at. a
regul ar cycl et%e POFORSPRBTE, o thifesydn Wt 2hi ¢ [hegfap §3 d&%wmd‘gfasgcaniélukddn an

be opposed t Oe;ﬁalgﬁ{et:‘@i&f'aﬂf d@lh%?s"gft iﬁ)éca&ﬂﬂﬁéreﬁtja@)@ﬁ&ﬁgﬁn%% Mhésecond fluid is

direction perpendicular to t ane of the figure. [0092] en the
fan 33 is drigeded bg thengidated BY tarpasy thoonghl the pdreors e€ ol hédt uixdhanger 1
flows into a casiqﬁ 36 Q¥ ass$§g t hrough a portion of the heat
exchanger 1 otfFeretRARE BY ¥ Hbi% i on opposed to the guide unit 38. The

fan 33 drogws) i n t hwhee aRnelidntasod of fheddhid@uhiakg & mﬁ%ém ABAndeIFY @B Sthe

it inacircunferential direction, and the second fTuid is guided by

the gui de unitec@8! fydgakwerechfromdhe fand3poetidehinghe exendiemdiresiionahtieguie

oPpOZet 2 L5, Sepi gy ORGP o L LSAL 81808 b o5

del i vered fr oimat behbsger 3dnia igugiday line dtvadieytiemndiheguiienaitigon Aofthis tige,

guide unit S5 The Spepnd.idd Lhenflays, Ul frgmihe qasing 38 .,
to a fin 3 and then flows along the fin 3 in a main flow direction. Furthermore, the
second fluid flows mto the casing 36 through a portion of the heat exchanger ! other
than a portion through which the second fluid flows out.

[0094] Therefore, through a circular movement of the guide unit 38, the second fluid
1s made variable i flow rate and in flow direction in each of the portions of the heat
exchanger 1. Thus, a similar effect to that of the ninth embodiment can be obtained.
Furthermore, the flow direction of the second fluid bemg introduced to the fin 3 of the
heat exchanger 1 1s made variable at a regular cycle, and thus the second fluid easily
can be made variable in flow rate and in flow direction in each of the portions of the
heat exchanger 1. Particularly, this embodiment is advantageous in that a flow
direction n each portion can be inverted at a time interval more frequent than a cycle
at which forward/reverse rotation of a fan motor is inverted or than a cycle at which
switching between on/off states is performed. As the heat exchanger 1, a heat

exchanger of a configuration similar to that of the second embodiment also may be



heat exchanger 1 on an inmaginary |ine extending fromthe guide unit
38. At this tinme, the second fluid is introduced fromthe guide unit
38 to the heat exchanger 1 obliquely to a fm3 and then flows al ong
the fm3 in a main flowdirection. Furthernore, the second fluid
flows into the casing 36 through a port’-@ on of the heat exchanger 1
other than a portion through which the second fluid flows out.

[ 0094] Therefwee, through a circular novenent of the guide unit 38,

t he sec fluid variable in flowrate and in flow direction
in eacho[@ﬁg? Ihe porﬁ%’g’gtg?fmtfoﬁlglmﬁt exchanger 1. Thus, a sinilar
effect to that of giperniintahs@ehaodd RBREUGAR R AP A NE teat g)&éh&ﬁg%d’@j?s@em

the flow direction of the second fluid being introduced to the fin
of the heat @ﬁ@ndmggt@ranlelwntba@@b%mwbl &omt e&&k@gﬁtwe@y@qeeof faméﬁnatlon

thus the Secqp(% re{:eyenge aﬁﬁ%ol? d%r}c:??e %ag% cgprgsg)on%_rn!? ab h%ﬁ Be k- O %W {o%tsle c%%‘_c.qibed

in flow direc rti1on the

Particularly, fu*smrsbcﬁni’ﬁaﬁlsmh i Sigady amt 2geRUshdan eidmaﬁg@g fsyswm 19 according
direction in each portion can be inverted at a tinme _interval nore

frequent t harfOéhléWb@dm&pt wHrE Al fsoevmediyfraensedarongh fnisgeh af a gropafiow fan,
motor is i nv nggfral}&gaorf ifa ¥§Jh§n§etr%\'l\h5fcé1 caﬁﬁﬁd&ﬁm WPt ﬁ%t QR 1:?&t first

states is per the eat anger eat  exchanger
configurati omrsbmhﬂnan ateoartdng, édm‘asttbeuzsmﬂnh'b piriphdiynentcasihg 67 ﬂﬁ‘ghetfm 3L

struct urbPo8h ew sh 'even%ﬁ@g@e&gﬁnﬁt@% %Bogygt%éﬁb aee@egaowgoqt@oarﬂbthaf
elevent h embogh ERiided o pbitCerdi3hfierdlr, FRPUENERNGR] of rofP@RALBEhted by an

| i ke reference synbols denote parts correspond ing to those of the
previously desaw led Infthlssqonﬁgh@ﬂwmenhensﬂnovﬁanﬁd E| ogsven,l agacbrd. flpid passes

heat exchangl st.e oy din to t fan 31 i

formed of a oﬁ%élﬁ Vnerf iﬁﬁ%{ﬁ% gcglaggeé? Eg Ce? q‘“éﬂ{‘ pd%%%gmglcateg by
plurality of heatoexehangabss ntekthaca6@pRrgrbath @R Rwlid g 1. t ak s@d‘ond
the first enbodi nent are arrang}ed so as to surround the peri Bher

a casing 37 ofuiibers fpws put fooondle Mswmechsihigugdythsf flawreut awt 3Tdrand Ia@sses
fl t bot h
Ow-in por ﬁFoaa gg%ﬂ&ei/%r%‘% P&cha%%{%albfaéés th&hE Pcfu?}éb;g%@ on bo

ends t hereof, ively, G R & as indica
arrow C. [ODWt hi s cWhén gwr@dsingn?;’i whienugliiaofapostion mdd:mevdeby a @rcﬂ@ndm} 37

fluid passes _thr i chever of the. heat changers faces the
flowin port %748 5% ALEP Uy iesspielhf siond S o SRS USITY B of the

casing 37 thrygb.hBe ek |10Bé’r‘:és“ch9%{v ﬁ7p'z‘>rt FNen SECRR onfdh% aﬁbsﬁﬁﬁ%“sh@x‘@ﬁ by
out fromthe casing through the flow out port asses
an arrow Al4 and flows into the casing 37 though the flow-in port 37a. The second
fluid then flows out from the casing 37 through the flow-out port 37b and passes
through whichever of the heat exchanger 1 faces the flow-out port 37b.

[0098] Since the casing 37 is rotatable, in each of the heat exchangers 1, the flow rate
of the second fluid is mcreased and decreased at a regular cycle and the flow direction
thereof is inverted at a regular cycle. Thus, a similar effect to that of the first
embodiment can be obtained. Furthermore, the flow direction of the second fluid
being introduced to a fin 3 of each of the heat exchangers 1 is made variable at a
regular cycle, and thus a flow rate easily can be made variable, As each of the heat
exchangers 1, a heat exchanger of a configuration similar to that of the second
embodiment alse may be used. Furthermore, a centrifugal fan also may be used in

place of a once-through fan. Furthermore, it also is possible to allow the fan 31 to

swing. In this case, when the fan 31 is set to swing at an angle of 180° or smaller, the



t hrough whi chever of the heat exchangers 1 faces the flow out port
37b. [0097] Wen the casing 37 is brought to a position indicated by
a broken line 37" through a circular novenent thereof, the second
fluid passes through whichever of the heat exchanges | faces the
flowin port 37a in a corresponding podition as shown by an arrow
Al4 and flows into the casing 37 though the flowin port 37a. The
second fl ui detdranfifl pussingithrohigbrhet hrat eabbmgpra7 is hadsughiablean ffloewratuyith
port 37b and aﬁses. t hr ough gz\%ifchever of the heat exchanger 1 faces
the fl ow out tg% ?W§7‘B‘?t“{1’dgg‘8? %ce the casing 37 is rotatable, in
each of fpheyheat exchanglsing, ditiBsibhOWe Rlf exOfanthe S8GANAcIIrithd thSthe
i ncreased and decreased atg a regular cycle and the Tlow direction

t hereof is i mreschiethvettica hasgbdeardesydied. byTives of dhesfirst ftaeleérfth cmbodiments.

that of the first odi nent can .be obt ai ne Fur t her nor he flow
irecti on of Mg HIL AT Rgot P hecha s b AE a5 b e
the heat exchanger modifled VRAEGsY s Aplkdhriate @ithélﬁg&ﬂp@ﬂ‘tin%%?chﬁ,tha%giﬂt hifsthe
a flowrate easily can be nade variabl'e. As each of the heat
exchangers 1,presehe@vemdghanger of a configuration simlar to that of
the second enbodi nent al so may be used. Furthernore, a centrifugal
fan al so may be used in place of a once-through fan. Furthernore, it
al so i s possilaldasfral alpptivaiiliy fan 31 to swing. In this case, when
the fan 31 is set to swing at an angle of 180 or smaller, the -27- .
second fIOUPY passiThs rrReBtigHenine ‘H’égte R Eefh e Reat-fISs PaiRe deXiGs §Tabfoling
(0 flow rate gl diNiold@Voe! fof CLiAbid NeF E0ndltlohed. a0REMrs] Molibls,  and
f oregoi ng di scussi on, the heat exchangi’ng system according to the
present i nverduit@notiks atkfon hdgbsleni-hedtrddpng wiegtrofic thmpiansst t o el event h
enbodi nents. However, the present invention is not limted to the
above- descri bed enbodi nents and can be nodified variously as
appropriate W ihotikefdRRRE SyMBofsr om the spirit of the present
invention. Industrial Applicability [0100] The present invention can
be appli@d0tlo a heht - dildsit paghapgprdevi ce or a cooling device for
notors of, for exairpl e, u%iﬁr conditioners, air heaters, boilers, and
aut onobi | es and for hi gIﬁ- eat-generating el ectronic conponents. List
of Reference Synbojs [@d01] 1 Heat exchanger 2 Tube

4,31,33,34 Fan

5 Motor

6, 6a, 6b Vane, Vane blade

7 Concave part

7a, 7b, 7c Vortex

8 Convex part

8a Flat surface portion

10t0 19 Heat exchanging system
32,35, 36, 37 Casing



3 Fin 4,31,33,34 Fan 5 Mdtor 6, 6a, 6b Vane, Vane blade 7 Concave
part 7a, 7b, 7c Vortex 8 Convex part 8a Flat surface portion 10 to
19 Heat exchangi ng system 32, 35, 36, 37 Casing 28 CLAIMS [1] A
heat exchangi ng system conprising: a heat exchanger including a
tube for a first fluid to flow therethfdugh and a plurality of fns
that are formed of thin plates, that are attached to the tube, and
that are arranged side by side in anCBXIMSdi ng direction of the tube;

and a f for introgucinqﬁg second fluid between the fins, wherein
the fms méander so*&8HEECIRASEE SHRTPNPIE SESncave and convex parts

formed at a regul afepLifbnget BRn@ARCave and convex parts are arranged
so as to extend in a direction intersecting a passage direction of

the second fluid passi rgubeforednsttfived fonflow theeethrofglosnd at e of t he

second fluid passing between the.f i S de.varl.ab a r I
cycle. [2] The heat exéh@ﬁﬁﬁﬁboﬁ@ﬁﬁgﬂﬁﬂ%gﬁFﬁ?83{ p%ﬁg?&@ ?eﬁﬁgﬁg?%)%e
fl ow directi ofib@fantl ARt 8RR dd m%mhmﬁ Rehweedirt&enl dfilg tube; and
inverted at a regular cycle. [3] The heat exchangi ng system
accordi ng to cl ai m fan fosiairedusing f eeopdiilyid befvern g e second fl uid
bei ng i ntroduced t@héhﬁ fins is made variable at a regular cycle.
[4] The heat exchanging system according to claim1l, wherein

the fins meander so as to have continuous concave and convex parts formed at

a regular pitch,

the concave and convex parts are arranged so as to extend in a direction
intersecting a passage direction of the second fluid passing between the fins, and

a flow rate of the second fluid passing between the fins is made variable at a

regular cycle.

[2] The heat exchanging system according to claim 1, wherein
a flow direction of the second fluid passing between the fins is inverted at a

regular cycle.

3] The heat exchanging system according to claim 1, wherem
a flow direction of the second fluid being introduced to the fins is made

variable at a regular cycle.

[4] The heat exchanging system according to claim 1, wherein
the concave and convex parts are arranged so as to extend in a direction

orthogonal to the passage direction of the second fluid passing between the fins.

[5] The heat exchanging system according to claim 1, wherein

open sides of the concave parts of adjacent ones of the fins face each other.

(6] The heat exchanging system according to claim 1, wherein

the concave part of each of the fins faces the convex part of an adjacent one of



t he concave and convex parts are arranged so as to extend in a
direction orthogonal to the passage direction of the second fluid
passi ng between the fins. [5] The heat exchangi ng system according to
claim1, wherein open sides of the cong&ve parts of adjacent ones of
the fins face each other. [6] The heat”éexchangi ng system accordi ng
to claim1, wherein the concave part of each of the fns faces the
convex part othedins.adj acent one of -29- the fins. [7] The heat

exchangi ng system according to claim1, wherein the convex part has a
flat surface portion parallel to the passage direction of the second
fluid papgi ng bet wEigIhdahéxchaiSng 8RtEnt teofdidt tostaitha¢ehpeid i on is
continuous with a side wall of the concave part_and forns a_right
angl e or an acute BAGPRVERIPAF bene flaf yefacqparionparalidd to BisPassees dFeriop gf the
The Meat exchangld. RSl RECOLAh0Ga QLA M CurstSicRldh s LBRIGERCAKR
part has a rectangular s e I n cross-section. The heat

exchangi ng sysittemalod oiediorgateopat aidifotms whesheiamglnbe an thde segondthf theisde
passes between tl\?(f fins at a maximum flow velocity, a Reynolds

nunber obt ai &l §f R CPRENEEE It 0 a | ength of the concave part or the
convex part in a passage direction as a representative length has a
value larger than a critical Reynolds nunber. [10] The heat

exchangi g syst em Eocloatierhatging$yatem Scowdey toidrintve wheteen second f 1 ui d
passes between the.fins at aa%ﬂéﬁn% mFJm fl.ow vel.ocit the Reynol ds

number obt ai ned ha%€§°V4itB ISPLAPRIAE SRS %rcln%slx'gs HReynol ds

nunber. [11] The heat exchangi ng system according to claim1l, wherein
the fan is fornmed of an axial flow fan or a once-through fan, and a
rot ati on[91di r ect i ohheolieat prechpeging systeay ascpEingo daimegiihgrcitycl e. [ 12]

The heat exchangin tem accor.din i rejr IS
formed of an axi al %P?%?Vt&efsg%o %af@‘%lgé’ a%e%ﬁe&ﬁg% JEH)? %%g%&%&%ﬁg@gﬁlﬁa‘g{, ¢
| east sonme of Réfiwldsaiiental abmednvatlprespeicteda Enghsofithe benceveopposi the convex

angl es of attack, [13] The heat exchangi ng syst according tq claim
1, “wher oi n ¢ hBAT HrA PESHCHESHER 81t TR DB 18 drieLicderantia @ crlcal
downst r eam si ﬁ@yi%fldstlﬂl bepeat exchanger, and the fan di sposed on the
upstream side and the fan di sposed on the

[107 The heat exchanging system according to claim 9, wherein
when the second fluid passes between the fins at a minimum flow velocity, the

Reynolds number obtained has a value smaller than the critical Reynolds number.

[11] The heat exchanging system according to claim 1, wherein
the fan is formed of an axial flow fan or a once-through fan, and a rotation

direction of the fan is inverted at a regular cycle.

[12] The heat exchanging system according to claim 1, wherein
the fan is formed of an axial flow fan having a plurality of vane blades, and at

least some of the vane blades are provided so as to have opposite angles of attack.

[13] The heat exchanging system according to claim I, wherein
the fan is disposed on each of an upstream side and a downstream side of the

heat exchanger, and the fan disposed on the upstream side and the fan disposed on the



- 30- downstream side are driven alternately. [14] The heat
exchangi ng system according to claim 13, wherein the fan is forned
of a centrifugal fan. [15] The heat exchangi ng system according to
claim1l1, wherein a guide unit that guides the second fluid is

provi ded on an upstream side or a dowttst r eam si de of the fan, and by
the guide unit, a flow direction of the second fluid is nade

vari abl e at aowegdaarsidyakdrivid8ierddteyheat exchangi ng system
according to claiml1l, wherein the fan is formed of a once-through fan
or a centrifugal fan that is enclosed in a casing, on both ends of

which a Jﬁiqowi n paik heacéx@hafngﬁl\g@w&m&@wrdﬁlgrto ElRgn $BGANeih| uid are
provi ded, Trespectively, the heat exchanger is disposed so as to

surround a peri phisfanof formed bbncenamidgalien.casing is configured to be
rotatable. [17] A heat exchanger, conprising: a tube for a fluid to
fl ow therethrough; and a plurality of fns that are fornmed of thin

plates, Mbpt are atdeacheftchdgldiayiteReccorand té Baim ar ehaeimanged si de by
side in an extending direction o? the tube, wherein the fnms neander

so as to have contﬁmu@vgmt6ﬁ§EMéG@WGF@ﬁﬁdé@ﬂbﬁﬂﬁgﬁﬂﬁiﬁ%énéPﬁﬁﬁﬂlﬁdeOfa
regular pit Chdowvn@tlr arrln &5L g &lxelfgn, g b9 'tﬁee&iaé)@nit, a flow direction of the second fluid

is made variable at a regular cycle.

[16] The heat exchanging system according to claim 1, wherein
the fan is formed of a once-through fan or a centrifugal fan that is enclosed in a
casing, on both ends of which a flow-in port and a flow-out port for the second fluid
are provided, respectively, the heat exchanger is disposed so as to sumound a

periphery of the fan, and the casing is configured to be rotatable.

[17] A heat exchanger, comprising:
a tube for a fluid to flow therethrough; and
a plurality of fins that are formed of thin plates, that are attached to the tube,
and that are arranged side by side in an extending direction of the tube,
wherein
the fins meander so as to have continuous concave and convex parts formed at

a regular pitch, which extend in one direction.



