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HEAT EXCHANGER CROSS- REFERENCE TO RELATED

APPLI CATI ONS This application is based upon and cl ai s
the benefit of 5 priority fromthe prior Japanese

Pat ent Application No. 2006-077169 (filed on March
20, 2006); the entire contents of _which are

i ncor porated herein byH$%$e$%%%%NG§5CKGRCUND OF THE

I NVENTI ON 10 FI ELD OF THE | NVENTI ON The present
invention relates to a heat exchanger for exchangi ng

heat betmESﬁséaBEEFBEECFhEpwﬁﬁﬁﬁﬁﬁ %PPﬁiﬁaﬁﬁqm5C»JCF

THE LATED Heat h t

vari oust GsEF JAcah ‘fn%e%(g)é%ﬁ e‘ggﬁgg '%?r%\ﬂ%@léﬂ[{ Ze?‘ﬁ henefit of
PRMESEE) Vi JRE ety ebtife P atockPROSCR B No-
B 193 (1330521 20 Ay e o

wﬁfghtgfefigﬁagg 'E_ﬁtéa ﬁgr@{ﬁhggg%fa%ﬁap e th the

her mal I mprovenen ‘ency of the
heat exchange, di nensions of the tubes and the fins
are the subject of research. SUMVARY OF THE | NVENTI ON

25 An object of pAORCROBRBNOF PHENTNOBNTIONO Provide a
heat exchanger which inproves efficiency of heat

FIRLIN aOE cTHE ALNVERTDONt 0 a first aspect of the present
invention, a 1 heat exchanger for exchanging heat with

gas rEde predéwy imventfbowrdiatesi 66 ashpaevegetianger for
with: apluralityof plates each having a first side
exghhngiseg dmeltibetwveen| gaal 20¢ af thebmalcoatign: ed

DESCRIPTION OF THE RELATED ART

Heat exchangers are utilized in various uses. A heat
exchanger is provided with a plurality of tubes for conducting
athermalmediumanda;ﬂpralityoffinsrespectivelyprojecting
from the tubes. Anygas subject to heat exchange is pressurized
to flow through spaces among the tubes and the fins so as to
exchange heat with the thermal medium. For improvement of
efficiency of the heat exchange, dimensions of the tubes and

the fins are the subject of research.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a heat
exchanger which improves efficiency of heat exchange.

According to a first aspect of the present invention, a
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to conduct a thermal nedium the tubes penetrating the
plates 5 and being arranged in parallel with each
other and on a plurality of planes perpendicular to
the flow direction, wherein the tubes on each plane
terag: dixspesed mdjoac eRthbAggARShEEE W ePH t§ies t tdFlow in a
any of adjacent planes so as to forma plurality o
HHerpéitéaiel of i ew ddviekawDrg: bha dhesy @ﬁ?_l@tes eachhaving
plurality of bridges projecting 10 on the first sides
2ofirak pide end eheedondgdsiehea gl WeSPEEY iofekMbes configured
arranged to be perpendicular to the serpentine flow
tri fRBIUCACR ol ot e isaondheaspbet péntheapifngerhe plates
igven,ti on, a heat. exchan&er for exchanging heat with
agddsdp arganges impazaflew witeeacbrotlse paod aed plurality
f/ith: a gl urality of plates each 15 having a first
Ol iRfenGRIPgTBERgAR UL A0 hhp|fiax Hliyeotibnbeterein the tubes
Ogogfigured to conduct a thermal medium the tubes
BeRet? ATHYE A Biskesshad IBErRG hPrarpedbeltveen cem tubes
i | rallel .on a plurality of planes
0185‘%‘ e%gi%c 2T OPEABSF AT TR EPFBR Pligaddity efiserpentine
riype e.are respectively deviated in 20 a
[ e Ay B SR eEs ey e s ampodh ot ing
oR@haceNt st R t itch of the tubes and
the hal fsoglgﬁ?og*th%ﬁﬂi%%%t Q&%{—% IEAfF NI resRRStively
a¥fad b Se &én it bridges, projecting.
on the first s?éldlg% o#iﬁgé%lg?es,etﬁ%rgﬂlaggg %gewngw%-
r espeidote IhRriAnged doadbs epgi gyha € ;
serpentine 25 flow Iines. A %grﬁd?%gegg ér%%ﬁrhg 38yepFLon,
a beathexphesgelr FBYeskiREngdngheaic e&(fé}?ﬁ;%%f ;
exchangi ng heat with gas ?rad% to flow i1 a “%‘ gv(\j/ flow in
a dilpwctioactiopr O¥iplesy dd dn w1l W @hhtr 19% Pt £3,285Neach
having a first side and a second side; a plurality of
haygagi sgSfifrtmed.de and a second side; a plurality of tubes

configured to conduct a thermal medium, the tubes penetrating
the plates and being arranged at an even pitch in parallel on
a plurality of planes perpendicular to the flow direction,
wherein the tubes on each plane are respectively deviated in
a lateral direction with respect to the tubes on any of adjacent
planes by half of the pitch of the tubes and fhe half of the
pitch is not greater than diameters of the tubes; and a plurality
ofbridgesprojectingonthefirstsidesoftheplates,thebridges
beingrespectivelyarrangedtobe perpendiculartotheserpentine
flow lines.

According to a third aspect of the present invention, a

heat exchanger for exchanging heat with gas made to flow in a
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on the plates and arranged in a plurality of rows
perpendicular to the flow direction, wherein the
openings in each row are 5 disposed adjacent to gaps
bet ween the openings in any of adjacert roms;ta o
I j L oups, respecti v roj.ecting )
%’?’H%M@%@ép%%e%ﬁ%ésaﬁmfﬁvl@ﬁ Shchhaving
t : 0 bridge gr s jncluding a,
aﬁ%f%ﬁf’%@‘ﬁ‘?iadfsskﬁﬁge%%éﬁai%Lﬁ%é?r%%llwh Pf&lﬁnmgs formed
[ td r Iy n: r e ow .
o B e L PPeRP P A U SR o B hengtouar
topsheeFNRNA iHe dched, OWHM ALY eﬁ{@%pérﬁr&%%e ih pégéch ow are
direction and slanted froma center to h™sides o

diibpobkietsid xatgnt @ s bBewbLAWHY £86LERYs Y@ of adjacent
segond paf?ﬂ%f suge%ﬁ?dges disposedS on gldomns ream

rewd; o4 pluraxmtywdﬂWb&&ﬁ@%c@rbapbhﬁeﬁbeﬁtﬂbéﬁgbeQjé@ting on
and sl anted fromboth sides to a center of the sectond

thai firewes iHes hef fihewpdiatest aad; bandgadpbpbabit ¥t Ofne gaps,
tubes configured to conduct a thermal nmedium the

eaobes{r hpeduiivigey pengs atnaudhey appdirgsit0 BRI dges
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic

PeFRRRALeEl BT thieefll oF ditwsttiorercklageangad in a row along
accardance Wi th an enpodi nent of the present _

the W gireptgom asthrst main of snbtheitges disposed on an
exchanger; 25 Fig. 3 is a sectional view of the heat

YRS &R Qlehhearongidh inssPRSAk 6P thg.flﬁqw Ei;g.r:aofttmcsn and

' iew of a plate . applied to the ea
STyt ogan | ForEes o Horh GiElined epitret pair toward
the flow direction, and a second pair of sub-bridges disposed

on a downstream end of the row with respect to the flow direction
and slanted from both sides to a center of the second pair toward
theflowdirection;andapluralityoftubesconfiguredtoconduct
a thermal medium, the tubes respectively penetrating the

openings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic cross sectional view of a heat
exchanger in accordance with an embodiment of the present
invention;
Fig. 2 is a side view of the heat exchanger;
Fig. 3 is a sectional view of the heat exchanger taken
along a line A-A of Fig. 1;

Fig. 4 is a perspective view of a plate applied to the
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Fig. 6 is a sectional view of the plate taken along a
line B-Bof Fig. 5; and 5 Fig. 7 is a sectional view

of the plate taken along a line CC of Fig. 5.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT An

denglrt he present invention will be described
10 hereinafter with reference to the appended

drawi ngisy. A heata excdang] &9 &pithd 7pphebhe present
enbodi nent is used in a housing such as one shown in

Fig. Figlhe houstagtisnaprevéwled vhebbateytiande! aldng a line
and flanges 15, 16 fixed at both ends thereof for

Bl dfi ghiteenishg.arddie exteriors of the flanges 15 15, 16

are further enclosed by walls, which respectively

def i n&@id.l Bi ks mosest 28nal4iriekhethehé Exwmngikas abbhg a 1ine
17 is provided with a plurality of tubes 18 running

CaCord &idgaxis of the cylinder 14, which

l'iquid-tightly penetrate the flanges 15, 16 and have

openi ngs at both ends to conmunicate with the fluid

roons_ 23 20 24. The heat exchanging unit 17 is

f ur t HIFTATLED (RESGRIRTAON,PE RHE ?RBFEBIREPeMPDm
the tubes 18 penetrate. The plates 21 sta
subst &Rt $EPPYLH %P‘t:lcb%lthleop?ﬁéeﬁﬁl anYfﬁ?n‘H@'l é"ylllilné’érdiacrled
and.ar arrang ave even intervals therebetween.
hﬁgehsﬁgFPFna% FoF LR 44 1R ARRRAGES [ awings.
Pk EPBALD SOEC A0 2B B i 1
R E LTI AV
pgﬁfhgf@at ﬁéﬁﬂoé' BY1YRLEL 42 gﬂgaf’igngésfigw P8 £9%88% ¢+ potn
ends thereof for air-tightening. The exteriors of the flanges
15, 16 are further enclosed by walls, which respectively define
fluid rooms 23, 24. The heat exchanging unit 17 is provided
withaplurality of tubes 18 running along an axis of the cylinder
14, which liquid-tightly penetrate the flanges 15, 16 and have
openings at both ends to communicate with the fluid rooms 23,
24,

The heat exchanging unit 17 is further provided with a
pluralityof plates 21, which the tubes 18 penetrate. Theplates
21 stand substantially vertical to the axis of the cylinder 14
and are arranged to have even intervals therebetween.

Referring to Fig. 2, the fluid room 23 is liquid-tightly
partitioned into two sub-rooms 23a, 23b by a partition 25. An

inlet port 26 is linked with the sub-room 23a and an outlet port
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fluid room 23. The thermal nedium flow ng through the
inlet port 26 into the sub-room 23a further flows
t hrough sone of the 5 tubes 18 and then reaches the
opposite fluid room24. Further, the thermal medi um
in the fluid room24 flows through the rest of the
ZluBés 1igkere Hékds thie ssbrreBn? 38k, thedelve at khgrmal medium
exhausted out of the outlet port 27. The cylinder 14
SEE 85 pardqtli G Yateter&i cePapl e 1P ddoWiny anoagdigiet of the
xi,s, to partition the interiqQr thereof into a gas _
1 FafeeH ?I?fan‘or'é]r“eiéh%ﬁ’aa h’@egéE‘P fiowhpdAnthroppl. the inlet
Th st . of the jnterior is further partjtioned into
PR25a85 i Dl EnalBar SO82 3 TRF GPRSohNERARBETOnS OF the
rtition 31 provided at_an _axpal .niddl e gf the
eBked, PERs YRRe S Pt i hpo st e 2y ' Hfener,
l 4 LS. /| Kt b a j nflow t 33 d
Y LACE R QLI LS008 AP PSR BB o

othtahe Qﬁﬁe.bnlfé,O‘f'eSEﬁggeEhégguEngobﬁeQ 855 QL] Wth%lgxgé@ﬁgusted
33 0 be

Gas subject to heat exchange, such as arr

og@bbgdthei sutade 1okl ow. into the gas inflow port 34
by any gas feeding 20 neans such as a rotating fan or

a punpheTH¢19a8et! DushibBr&USHIrt Hei §AS28 EAOVE PRI twidfch runs
into the gas inflow chanber 32 as indicated by arrows

along the 4opsfotdhpartPbionntie dinBeribe ERSréUftNBEo a gas
flows through the heat exchanging unit 17 as indicated

mbgrat i omschdmiper (At andgtihe tredtha sl shbwnnififig.33.anthe rest
enters the gas mgration 25 chanber 29. The gas
ohitdreairterhortes fasthegred ot haeddnt20a Jasoimfhew chamber
| eft to the right of Fig. 1 and then flows though the
3hend ex @ gutd leni chambeg BBebyas partibhonhdbterodided at
The gas 5 in the gas outfl|ow chanber 33 flows out of
aR Rt igpls Mg oRfpbhe interior of the cylinder 14 as shown in
Fig. 1. The cylinder 14 is provided with a gas inflow port 33
and a gas cutflow port 35 to respectively communicate with the
gas inflow chamber 32 and the gas outflow chamber 33.

Gas subject to heat exchange, such as air to be cooled,
is made to flow into the gas inflow port 34 by any gas feeding
means such as a rotating fan or a pump. The gas flows through
the gas inflow port 34 into the gas inflow chamber 32 as indicated
by arrows from the top to the right in Fig. 3. The gas further
flows through the heat exchanging unit 17 as indicated by arrows
fromthe right to the left in Fig. 3, and enters the gas migration
chamber 29. The gas migrates in the gas migration chamber 29
from the left to the right of Fig. 1 and then flows though the

heat exchanging unit 17 to the gas outflow chamber 33. The gas
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35. In the course of the aforenentioned flow of the

gas, the thermal nedi um exchanges heat with the gas.

If cooling water 5 is applied to the thermal nedi um

and air is the gas, the air is cooled by the cooling

water as a result of the heat exchange. The cool ed

iz Ehpsgaxtaudtiay chembee3 dalsl g udwopotRre 3ms outflow port
Details of the heat exchanging unit 17 will be

3Fescri bed hereinafter with reference to Figs. 4-7. 10

i th TPoEBBCEoRESE IRE | ih%\%ﬁgréﬁshﬁﬁé%%aeéigﬁlaﬁfﬁa% ggs: the
t th
ST 'Egﬁﬁueﬁﬁﬁasesﬁ S5 7t 0% Yan o T8, Feetigy water
f h
ltshél%Bﬁ Gy e B s P PN P BB 2, 7 5fe, §95n Bhe aix

(?%]még .ﬂr?bﬁh%eé(goi%(? uggdﬁqéﬁsﬁﬂ% thhcqié ﬂ@a&oﬁﬁgﬁange.

e s eCI Icatlon an

T'ﬁlea'c%’ledaa 'ro"_’(s SJ%I = | f’}f&nh fIRSREE 4Pt £AGR ﬁéﬂt 35.

the plates 21 is a direction along whic

the gasths 1%8de e Hew éﬁghﬁﬁgﬁﬁépﬁﬂﬂﬁﬂh Mltlhbé described
direction fromone end to anot end of each of the

herati@a ftéd ithFaciFedlenidee th) atiefss 21-i5, provided with
a plurality of openings 36 mhich fixedly support the

t ubesThE.pldtepegsonBhgaredats dngedaise copt actlarien with
of rows which are perpendicular to the flow direction
rasgeatr angeHeaflevengi gaerandl ssePosi s onso Ringf (¢heheating)
openings 36 in each row are laterally deviated from

fposi-t i Ansnent itmedpapdvnegs 36 iges el el g emoundy tye plates
half of a pitch of the openings 36, thereby the

2ypehiasgs BB le ddasisteshing direction from one end to another

end of each of the plates 21. The direction is shown as from
the right to the left in Fig. 3 and as from the top to the bottom
in Fig. 5. Throughout the specification and claims, “a flow
direction” with respect to each of the plates 21 is defined as
a direction along which the gas is made to flow and correspondent
with a direction fromone end to another end of each of the plates
21.

Each of the plates 21 is provided with a plurality of
openings 36 which fixedly support the tubes 18. The openings
36 are arranged in a plurality of rows which are perpendicular
to the flowdirection and arranged at even intervals. Positions
of the openings 36 in each row are laterally deviated from
positions of the openings 36 in the adjacent row by half of a

pitch of the openings 36, thereby the openings 36 in each row
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are di sposed adj acent to gaps between the openings 36
in the adjacent row The half of the pitch is not
greater than the dianeter of the openings 36. Collars
37 resp ectlvelﬁ stand _around the o nkﬂ s 36..The

g ;

a8l Fapba7ederdacat tatepdeBr POF"RE GRRALPERa7R in the
ad3aRENEL Htar BEF W Tﬂet%é’a@%taﬁ?h%ﬁrﬁ%ﬂEr%%%{%‘isthan the
R Li 36 t
IBRTBRES CoulhRo CHFOREE Fram bne. si'de of the plate 21
as shawp, Lo éﬁ?es%égtlvgfg %n@gf&ﬁrﬁ%h% éf:lﬁ% QB@ The
cé and eac or

a group In each™s rojection i

?ﬁa?r%@%r%fesaa?ré Eggfgﬁ“@cﬁg kle% %.n%t ga'ﬁgt%maﬁ'@dfﬁcent

t™op spanni ng t egs as sh

gétggeels 3%nhet0o1 fdr a7 fﬂﬁtﬂbgcgeer&fs Eéochrél{é?ﬁhpc AEEt between
Irected perpendicular to the flow direction and

tﬁér?mggg bl antoWhal en®eldgt.he flow direction.
Upstream of the bridges 39, 40, 41 with respect to

the fReupdtteoki PucddiainodgWiss bpamiatsBe agpanitngr punched
18, a palr 38 of sub-bridges 38a, 38b is forned. The

ottbebrotgpsct Iaym 3B aldeasf arlgeplatdb@lspsnmehownain Figs.
with respect to the center of the pair and are

4draht’ied Themetpeogeateons dot la gkdep bf <2Fh Bpapeai and each
38 toward the flow direction. Simlarly, downstream

podjeheibni dgefogeed o hﬁlajS@@Peupitﬁeéni@geam@Yh@@ legs at
opening 18, a pair 42 of sub-bridges 42a, 42b is

bebh nerds vk e £ 1 akohPPaspan sng Hehefke@s FbRYl in Fig. 6.
sub- brld es 38a, .38b, the sub- brgﬁfes 42a, 42b a

BELaneEdSPr ofPholh Stasber BLORESc O GAGH S, ate fbirected
et IS beons SR e 24 TRl 88 on
tgéz%frlmlﬂtglrec og?ml.lllgset{‘cleaor\r,lvé 3 Ab eg 39, 40, 41 with
respect to the flow direction, just downstream of one opening
18, a pair 38 of sub-bridges 38a, 38b is formed. The sub-bridges
38a, 38bare arranged tobe symmetrical with respect to the center
of the pair and are slanted from the center to both sides of
the pair 38 toward the flow direction. Similarly, downstream
of the bridges 39, 40, 41, just upstream of another opening 18,
a pair 42 of sub-bridges 42a, 42b is formed, however, contrary
to the aforementioned sub-bridges 38a, 38b, the sub-bridges 42a,
42b are slanted from both sides to the center of the pair 42
toward the flow direction.

Arrangement of the tubes 36 respectively inserted in the

openings 36 defines a plurality of serpentine flow lines 44 among
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7 the tubes 36, as indicated by serpentine arrows in
Fig. 5. The bridges 39, 40, 41 and the sub-bridges
38a, 38b, 42a, 42b are arranged al ong and

%?HE?'S%@%%E&EEE PR iR e ¢ s Tha- - The
PG CLR e T e%ﬁuﬁ%b? (Soet E Nty 424 agb are
ag:]r g)%aegir g}ég%daﬁndeée%gﬁﬂg%f%g%gtﬂkp% %%Ptel?] J.nsearfpilpw lines

4t4he E‘df’l?n“xﬁ 'Ehﬂoge'_?'hsg‘éfdtBQ '%%o‘gaéb bgga 4p! arlﬂ“'é‘ﬁd the

sectio bs 43 °Fun “at respective

stde 8 31gfs t3*8% f@% 0f4ztahe4QBthseg§ubé§anWi§"My in parallel
assembling the ‘platés 21°and the tubes 18, onée- of ?

wikat ehe? bdrptandee i thidded hey tubes 18 are Inserted
to the respective openings 36 thereof. The plates 21

are oreebplibeope PitpriididedSHRdWIni B0 4% peoiRictdthg on the
with the tubes 18. Wien one of the plates 21 abuts on
sanet h¢deodis tttee Pl Lbawshbwnl hheFpgsi hg tThe: eblapar of the
37, the gap therebetween is regulated by the collar .
r3BsIEY s mptatimispdder buAideerbalal t nfandrel at ateericiibl shape.
and the tubes 18 are assenbl ed, the tubes 18 are
Theczidendd rag agoraspeotive milddames s wiowls ehéhe openings
| ates 21. Thereby, the tubes 18 and the plates 21 are
enbined to formthe heat exchanging unit 17. The
assenbled heat exchanging _unit 17 is conbined in_the
cyl i ngBen13SseRELABS: B?cﬁéﬁﬁ?ﬁgz&nﬁpdlvhéxEHEﬁ§e§8 one of

eat_ip ac rda ce MAth the follo nner,

Bﬁsp%%?% & enaen Yo dhatoahes toheqa h freotpgcrted to
the respective openings 36 thereof. The plates 21 are one by
one put under assembly to be combined with the tubes 18. When
one of the plates 21 abuts on another of the plates 21 with
interposing the collar 37, the gap therebetween is regulated
by the collar 37 serving as a spacer. After all of the plates
21 and the tubes 18 are assembled, the tubes 18 are broadened
so as to fix the tubes 18 with the plates 21.

Thereby, the tubes 18 and the plates 21 are combined to
form the heat exchangingunit 17. The assembled heat exchanging
unit 17 is combined in the cylinder 14.

The heat exchanging unit 17 exchanges heat in accordance
with the following manner.

The gas subject to the heat exchange, such as air to be

cooled, is made to flow from the top to the bottom in Fig.- 5.
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cooled, is nmade to flow fromthe top to the bottomin

Fig. 5. 8 Wen the gas goes around any of the tubes

36, the gas tends to turn aside around an upstream

face thereof. Since the sub-bridges 42a and 42b in

Yihee Gpst geangseamit ewd o ofs the tubrauéb . t ke fqamytends to

the flow of the gas is snoothly branched into 5 riégg
tadd | efidst raeemnd TIHéh PRELERgRt S2fearhieredhduct ce the

b he sub-bridge 38a_of, another group of brjdges at
ST IS A0 TR o SR UBSY TOHE SARC EREHR (S0 as to

e .38b of ,the ot

 EARRGESCHE FHOM G SH8 Qo Padnl S TP RLT ba b Aed into

TR SR ORGSR P 1o cononcee
- br.i 4 .
SAEhIchuLeDehed B e gLEYLIDSt o i Bese 128 4L i

afll @RE Rirle-08° HE 41{1%'5%%{ V&%’e rﬁ‘iIESﬁ:@ﬁQHQtEBeby the

serpentine flow I'i'nes 4 n general, gas flow ng

sAPnRg i e¥kl RAL 63 RRdLeBetUERoaD okobihagk4bs+18nkends$t and
to formstagnati on around downstream facés of the

de¥hishedehasdl PREIASeIWBYEIredhect BFd NP iR wothithe: other
bri dges prom nently reduces the stagnation.” Further,

agijgeentheraidieaissetebhe. JaTHase mlovgsed r eae@st here then
tube 18 receive force in lateral directions by the

furbhe43brihehetahpathenlowetmothesuBObrédyeed42a and 42b of
Reduction in the stagnation inproves efficiency of

theatuexehtinbeidfet peohpat Exehafigreg thetsireambheof the gas
streans of the gas further receive force in a

ager sespentipedyeddiicwidae licma Hdieplsarpemtiine flow lines 44.
(perpendicular_to a paper face of Fig. 5) fromthe
bri dg&B Iemabndashélerpagsagnenpd Bylindrical bodies such as

three-di nensionally fluctuate. Therefore contact
thengiheot8thends to form stagnation around downstream faces

of the cylindrical bodies, hcowever, the faring effect of the
bridges prominently reduces the stagnation. Further, since the
streams of the gas just downstream of the tube 18 receive force
in lateral directions by the ribs 43, the stagnation is further
reduced. Reduction in the stagnation improves efficiency of
heat exchange of the heat exchanging unit 17.
Thestreamsofthegasfurtherreceiveforceinatﬁlection
perpendicular to the plates 21 (perpendicular to a paper face
of Fig. 5) from the bridges 38-42 and the ribs 43 to
three—-dimensionally fluctuate. Thereforecontact lengthof the
gas with the plates 21 increases and hence efficiency of the

heat exchange further increases.
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gas wth the plates 21 increases and hence efficiency
of the heat exchange further increases. 9 The ribs 43
may be formed not of continuity as nentioned above
but of discontinuity. For exanple, nerely portions

just  gpwnstyLeam of, the ftotﬁ-}%% glét”@¥r§t§?’éf’rﬁlﬁfg¥t% mentioned

proj ect but porti ond ] ust downstrea
aA2 DY o POt R heet ed. E%ﬂ\/g&s Apet, ﬁ@?eiy%f‘@ions just
may be formed in paired parall shapes ©r

dahfst g oFeeh é @dle sSNRRRS, b@rfﬁﬁ{e@ttf&ﬁ‘f)rq ect but portions
nodi fi cations may be applicable. Further, the bridges

syt dodostishn no ot bRe bhapges W2 aﬁayan@dat sbapggojected.
Any bridge between the sub-bridges 38, 42 may 10 al so
Mo egivardethenr ibpaBmaf bs Hpriddigapdiksal parti@¢el rib shapes
sub-bridges 38, 42. Although the invention has been
cdeBel fbeduadovecbyonabfdragrcs tao aepytete e moodififenritsions may
of the, invention, the invention is not limted to
beheppiticwiblent s descri bed above. 15 Mbdifications and
vari ations of the enbodi nents descri bed above will
occur FfugthiegsetBRi prdges mae bar £ormad| l@mtltﬁr tSﬂilélPeS, such
above, teachings. 10 Wat is clainmed is:
aéxeﬁghg%baﬂaw efé%ﬁ’@"%ﬁ’@ehéﬁiiwﬁﬁﬂhtbﬁss%‘dér%%gwO?Wr 42 may
i,n fl rection, .the_heat  exchanger,. conprisin
ARG B A i B3 ECHE R S S k6 4 tasegb-ridges
gecggd 5 side; a plurality of tubes configured to

¢t a thernmal medi um

Although the invention has been described above by
reference to certain embodiments of the invention, the invention
is not limited to the embodiments described above.
Modifications and variations of the embodiments described above
will occur to those skilled in the art, in light of the above

teachings.

10



the tubes penetrating the plates and being arranged in
parallel with each other and on a plurality of planes
perpendi cular to the flow direction, wherein the tubes
10 on each plane are disposed adjacent to gaps between
the tubes on any of adjacent planes so as to forma
plurality of serpentine flow |ines anong the tubes; a
plural jty of, bridges projecting on the first sides of
tﬂgatpﬂ%uﬁiilqﬁﬁelgfidges bei ng respectively arranged

to be p&ﬁegsr&%ﬁhggk%ﬂ@xcgmg}%@fgﬁ%ﬁé wgtﬁlg%\g hdie8o £1ow

and ribs projecting on the tirs des of the plates

and runyy nRQ f1a3w Hespecidye A3 ekchhrgpt ad@fpriking:

The heat exchanger of claim1, wherein each of the

bri algelsira2Q tiynok uolisst s pach dvimps i rpotdidendsdtd dscond

arranged along the serpentine flowlines. 3. A heat
5exchang®rdefior exchangi ng heat with gas made to flow

i fl di ion, th eat h ising: .
R R
a second,, §iges BeRbtralidy t%fet EHJQ@@s o Hg4ngdatPanged in

conduct a thermal nedium ~ 1 e tubes penetrating
the pl aiasiard keichgeatrasgest aind am evelupalihyiof planes
parallel on a plurality of planes perpendicular to
the fl qexieretcudar wheths f loedinpesiomn wheekipl Bhe tubes
are respectivelX deviated in a_lateral 5 direct

?

10with re¥p&ech plape aﬁ?o@ésBﬂS%ﬁfdéfac&&jtaE%rﬁapspk’ggggen the
AT REYEIT i A e
of serpentine flow lines among the tubes;
a plurality of bridges projecting on the first sides of the
plates, the bridges being respectively arranged to be
15 perpendicular to the serpentine flow lines; and
ribs projecting on the first sides of the plates and running

at respective middles of the planes.

2. The heat exchanger of c¢laim 1, wherein each of the bridges
20 includes a pair of legs at both ends to be arranged along

the serpentine flow lines.

3. A heat exchanger for exchanging heat with gas made to flow
in a flow direction, the heat exchanger comprising:
25 a plurality of plates each having a first side and a second
side;

a plurality of tubes configured to conduct a thermal medium,

11
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20

25

a plurality of bridges projecting on the first sides
of the ;plates, the bridges being respectively
arranged to be 10 perpendicular to the serpentine
flow lines; and ribs projecting on the first sides of
the plates and running at respective mddles of the
pl anes. 4. The heat exchanger of claim 3, wherein each

f the brid 15 incl yd ' f ol t both

ends t e CAPPAHGRF HHAHGY FHE BEtherHeop s, immsged at
5. A heat f i h : .

Co 11000 (T 1Tt FochtEhe L Cha hods PAMERaAgEr O Pianes

CoNpr i YeRgend2Quda P! il Akt ¥16f PialaS RaChnbayiNGIR tubes
first side and a second side; a plurality of openings

f or med con dalvlr pllates aandraspangiedeliyn devipltedalint p dateral
rows perpendicular to the flow direction, wherein the
openi ngs rieA tdaehwi By EsPedits poskelr ddjescenn By tf gagscent

et e LI OREILNG (LI A pLpadl AbenL Lot B ngpe of
the f 'Jh%t p}%gﬁslﬁf%r%p&%agcte%s tﬁgg Qférﬁ@téjfssraﬁfs%ﬂeat:ubes;

t he gaps, eac ridge groups Including a

pl W hit% 19ty be# dgesigepes e el GiHABNt €hd ITE risk0Mides of the
direction and arranged in a row along the flow

di r ect jpdatea,f thst bphdgeofbesimy beedgetivel s poyadasd & be
upstream end of the row with respect to 5 the flow

di r ect RSFPERELSPART kP fHsmserReRE&Pet Bl Pt H NG e §1of

the first pair.towargd. t flow direction, .and_a .
pai T PEGRCEFI U0 0 PSdess Bh4 Govnat PAAR BN ding
the G ‘rﬁdgtﬁ?e[:€§9§%ic§&’lé§‘%ff kfw ghggedion and

sl ante
4. The heat exchanger of claim 3, wherein each of the bridges

includes a pair of legs at both ends to be arranged along

the serpentine flow lines.

5. A heat exchanger for exchanging heat with gas made to flow
in a flow direction, the heat exchanger comprising:

a plurality of plates each having a first side and a second
side;

a plurality of openings formed on the plates and arranged in
a plurality of rows perpendicular to the flow direction,
wherein the openings in each row are disposed adjacent
to gaps between the openings in any of adjacent rows;

a plurality of bridge groups respectively projecting on the

first sides of the plates and being disposed at the gaps,

12
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both sides to a center of the second pair toward the
flow 10 direction; a plurality of tubes configured to
conduct a thernal nedium the tubes respectively
penetrating the openings; and ribs projecting on the
first sides of the plates and running at respective

m ddl es of the rows of the openings. 15 6. The heat

exchangggh%ff %@bﬁg%eg{%‘:ﬁﬁ?ﬁq‘ﬁagﬁdggem n%_? a]HEHﬁo%Prldges

arranged at an even

the ppkePehdid@iagteatify fi@@@l@b@%‘f&ﬁ it ﬁt']d"??sa row

20 7. The heat exchanger of claim erein e
the brihdges thaadfsub-diiredgesni ngl adest gduat fofOfsubeB§1dges
at both ends to be arranged along flow Iines of the
gas di Féepesedyon k@ upgbesam lid of the row with respect to

the flow direction and slanted from a center to both sides
of the first pair toward the flow direction, and a second
pair of sub-bridges disposed on a downstream end of the
row with respect to the flow direction and slanted from
both sides to a center of the second pair toward the flow
direction;

a plurality of tubes configured to conduct a thermal medium,
the tubes respectively penetrating the openings; and

ribs projecting on the first sides of the plates and running

at respective middles of the rows of the openings.

6. The heat exchanger of claim 5, wherein the openings are
arranged at an even pitch in each row and a half of the

Pitch is not greater than diameters of the tubes.

7. The heat exchanger of c¢laim 5, wherein each of the bridges
and sub-bridges includes a pair of legs at both ends to
be arranged along flow lines of the gas directed by the

tubes.
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