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HEAT EXCHANGER CROSS- REFERENCE TO RELATED

APPLI CATI ONS Thi s 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 porat ed herei n byHirxf erxreaNGEBACKGROUND OF THE

I NVENTI ON 10 FIELD OF THE | NVENTI ON The present

invention relates to a heat exchanger for exchanging

heat bet wegfsgagrererfcEneOMRELXESDUNPPIRICAGRIONE ON OF

THE RELATED ART 15 Heat exchangers are utilized in

var i oDisi sisgspl Acdiendn iexbhardenpos prdvilddthswihk enefit of

plurality of tubes for conducting a thermal nmedium
pandratpl uiadm t yhef pihsrrekgretdacel Fapeoitechppyicakrdoam No.

the tubes. Any gas subject to heat exchange is
2pPeseuvle8d(fibed | owMandugh spaees JakbBAgeRhere UbrRtents of

and the fins so as to 20 exchange heat with the
whhep nare mb8FaRPOFsE cAnprEfaReRY deIe&®iCEi-ency of the

heat exchange, di nensions of the tubes and the fins

are the subject of research. SUMVARY OF THE | NVENTI ON

heat  exchanger BRARGRCPNE, BFeBHE mrUmTId Mhoat
e i fi f th ,
e O o VR EO, O anger Tor exchangi ng hoat w th

gas n@ﬁg ﬂgegégwlﬁﬁv@ntion relates to a heat exchanger for

exchanging heat between gas and a thermal medium.

DESCRIPTION CF THE RELATED ART

Heat exchangers are utilized in various uses. A heat
exchanger is provided with a plurality of tubes for conducting
a thermal medium and a plurality of fins respectively projecting
from the tubes. Any gas 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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flowdirection isprovided with: a plurality of plates
each having a first side and a second side; a
plurality of tubes configured to conduct a thernmnal
medi um the tubes penetrating the plates 5 and bei ng

SRS B PoEaL SRR SR ok on e o how 0 o
g%:;SCt Ieg:r%%é; aceﬁ{rBVEBSdR}i $ a @Tu%gglﬂtgflcﬁinﬁlé‘f@s eachhaving

t 0 gaps en t ubes on any of

294 Acent Q?? %%c%%dt 9158[ m %l@ﬂl@ﬁ;} Yp£rofubes configured

serpenti ne 't nes anong t tubes;” and a

8' c%r%lﬁé Oft hyrdrdge sl Qe CthRIt dBe 8Npéhet Hat ShgStieplates
the plates, the bridges being respectively

aﬁﬁr aEQaﬁgeﬁﬁfrpﬁﬁghgéwb&fwittﬂl thehsatipentndesd hglurality
Ilnes According to a second aspect of the present

of pIeHdPperpehgatuexehanghe fflaw éxchangbng weatein the tubes
gas made to flowin a flowdirection is provided

oWl é8ch g P alid Yiefpouent edjeaemt t& papsngetweensthe tubes
side and a second side; a plurality of tubes

onanfy glirastt dcemopdace sase kst balfomads phuRHe tpéserpentine
penetrating the plates and being arranged at . an even

fppwdhinas papaitdie brbes; Qm@@pﬂpyaéﬂtm %E§ldges projecting
perpendi cular to the flow direction,

OB TORSEATHIP Aitet B @l@é@ﬁe&mas}d@@ﬂ Lo TreRp gt ively
| ateral direction wth r? pe% t he tubes on QY q@ es

agEpREEAL tOpP&n@@fEﬁnﬁ%FP & SF R HE'T does’ and'©°-

the hal f of h i i
e D s Sl B TR s
f t d f t
ar%@ﬁﬁi??é%$9g§%r %@gﬁﬂi %EgIg%?%%ﬁ%?@ﬁﬁ{P%%eﬁaﬁgetegflow in
azfigen { ectgcg fié)\génl{clﬁecf‘ed ARG9r.ding 112231k 68 BPREEL each

He pr esent 1 nv 1 on
having a first side 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 the half of the
pitch is not greater than diameters of the tubes; and a plurality
ofbridgesprojectingonthe first sidesof theplates, thebridges
being respectivelyarrangedtobeperpendiculartothe serpentine
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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heat exchanger for exchanging heat with
flowina 2 fIOM/directign ?s provi ded a?fh?age to
plurality of plates each having a first side and a
second side; a plurality of openings formed on the
pl ates and arranged in a plurality of ro

. WS
£1PeaPesdi eshars ptovided biow: di pberabity fRd e TP fachhaving

openings in each row are 5 di sposed_adj
a fetweendehendperiawsd sigey of ghgfgééﬁ%agfg%&%nojg%agsformed

plurality of bridge groups res tivel i i
on the pmesmﬁqug%@ bher B9 e it AG HCpbRRE R CuLeT
gaps, each of the bridge [ i
toptueafioy @ireetiges wB@Fsé%ngrﬁf)g %Pl%%t%lﬁgq' | Satn row are

di recti on and '
digpreediagn a C@rﬁa’;égg%g?qéig‘fea% %\gﬁfyfé’%g]s&% ';ngasr{ def’adj acent

on an

upst d of i
roug?e%%aﬁ%%gwotoy Qtfgﬁtrgg\év]ew%%?gﬁ%Zﬁ%%e{:git«gtf%fﬁ. ecting on

si des of

thtggg%;iﬂ{;%ir g%;"é%%%ﬁ&g%% %ha%g.&g%caigﬁosé&da@ the gaps,

I Spose on a downstream

end of the.row wt e I ' i i
caghaodl e i shr iy GEleBathg b B o o

pe?%éégagﬁég tégcg'xer oW, 0§ BCE+ Do Alagrphyedl idy pbw along

irgur to conduct a thermal nedium the

tu r i vel : . .
th I%ﬁiéﬁ? V2 PeReLrgiing 1t kmb-tpengwys dizpoBRICEPT an
BEggéf OF THE DRAMYM%% Fig. 1is a schematic

upsteed e6hi opalnyirew @fith beapecexohdiged liow direction and
accordance wth an enbodi nent of the present

< 1lameent irgdin Bi geneirsta both sidesobft hBehBarst pair toward
exchanger ;

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 fromboth sides to a center of the second pair toward

the flowdirection; and apluralityof tubes configuredtoconduct

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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25 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 3 heat
exchanger; Fig. 5is a plan view of the plate; Fig. 6
Is a sectional view of the plate taken along a |line

heag. pXxshangErs; and 5 Fig. 7 is a sectional view of the
pl ate taken along a |ine 5. DETAI LED

CC.of Fag.
DESERETIRON 0P FHETPREFERIED EVBADE An enbodi ment
of e present _invention wll be descr.ibed, 10 .
e Gt et @ PRET SPBPanEt 85 il S teq 6T a0l 7Rg 2 ALre
B—Eh%%tf%_Ch gigﬁhlJnit 17 of the present enbodinent is
used i'm 'a ousing such as one shown in Fig. 1. The

housiing bSis B OuLdednit Wy &y 6Y! {1041 289 20985 a 1ine
15, fixed at bot ends thereof for air-tightening.
c-cThg exterigprs of the flanges 15 15, 16 are further
encl osed by walls, which respectively define fluid
roons 23, 24. The heat exchanging unit 17 is provided
wth a plurality of tubes 18 running al ong an axis of
t hepeyATTIEDI DESERIPMITOR DF(THE- PREFERREDE BMBOIIMENE
fl anges 15, 16 and have openings at both ends to
comamnenbbdimehh éheHd prdseaansn28nti@f widll Fredheatribed
exchanging unit 17 is further provided wth a
he rplimedfitietry wift ipl = fesr2ice vitn cthe heppemdsd 18rpyehags at e.
The pl ates

A heat exchanging unit 17 of the present embodiment is
used in a housing such as one shown in Fig. 1. The housing is
provided with a cylinder 14 and flanges 15, 16 fixed at both
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
with aplurality 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
plurality of 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 ocutlet port
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21 stand substantially vertical to the axis of the
cylinder 14 and are arranged to have even intervals
t herebet ween. 25 Referring to Fig. 2, the fluid room
23 is liquid-tightly partitioned into two sub-roons
23a, 23b by a partition 25. An inlet port 26 is

57 kisnkedwht itheraubshpory3Razany enepsbleh poermad @Zdium
is ['ihnked wth the sub-room 23b, thereby a thernmal

suchedl UMciGh ASa ce00ki dpatal €lof £loarialy énoind lowi v the
in and out of the fluid room23. The thernal nedium
flufikowong thr.oughet beernbetmegbuin PBowang theosab- Eheninlet
23a further flows through some of the 5 tubes 18 and
portthee ieashes thb-oppusiiz funtingr §dewe4thFapghetome ethe
thermal nediumin the fluid room24_ flows through_the
tubeesl8 afd thent nbeshes theapresiftrel SUbIAR 23p, BRYLHET.

are then exhausted out of the outlet port 27. Th

theclyhremmeﬂ. nddha® B Fdre feiéA P8oRhef eﬁﬁww%%?%%hgheﬂie“
along the axis, to partition the_pnteripr _thereof jnt

of ghgasibes g%me@ﬁ%%%rs%w?h 'y aast]%qe xhguSted
Fig. 3. The rest of e interior is further

Ouﬁx§£iWNQNRQF%ﬁﬁ(P%F@é%P1anOMIchanber 32 and a gas

fl Dt . .
g)l,(lit g]hoetv.\rllcgfg.l%_gxbdgr fl%e%%éﬁaap 5&%&%9?&2%8'5’%9%5%??1 alhidh runs

t &rfOr O cylin 14 as

shown in_ 15 Fi.g. 1. i.nd N ' \A
G0 Ri%er® shee T eI Rl s

migrs]:%l al%%lt itcxx%h%e%ogg‘t%c‘?%)% with fhenhgas inFigw Thambes rest

e gas ow chanber 33. Gas subject to heat

of ?ﬁ%g@?ﬁﬁrlﬁgg Asrdhdr barke t6eplRlint bs gade nfldw eamber
gas inflow port 34 by any gas feeding

32 and a gas outflow chamber 33 by a partition 31 provided at

an axial middle of the interior of the cylinder 14 as shown in

Fig. 1. The cylinder 14 is provided with a gas inflow port 33

and a gas outflow 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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20 neans such as a rotating fan or a punp. The gas
flows through the gas inflow port 34 into the gas
i nfl ow chanmber 32 as indicated by arrows fromthe top
to the right in Fig. 3. The gas further flows through
the heat exchanging unit 17 as indicated by arrows

in fhEBd e dd Aty LRatRR  ebtriduwdidht 3£ AR £ ef ke port
gas mgration 25 chanber 29. The gas migrates in the

35.9as mgration chanber 29 fromthe left to the right
of Fig. 1 and then flows though the heat exchanging
uni Inl¥heocthesgast alisf hdwrehantneonad. fThe ghsthd gas, the
the gas outfl ow chanber 33 flows out of the gas

theauiafll owdport ex8banhrst heatowiske Uie tdms af dfepeniliogedater
flow of the gas, the thermal nmedi um exchanges heat

is wpph iede tgashel thesokilngedauar ang pd rappl thd gesthéhe air
thermal nediumand air is the gas, the air is cool ed

is pgoipe oshengoohieg watar pesulueseflt AE Heaheakcharbange-
The cooled air is extracted fromthe gas outflom1ggr55

Theggoolggt @it igf LHE IdARd Sangihg@dmi Uiy | po

o S IE et et S RE e £ 4 s SepBsve
rentr SRR ARl oS a0, oy serve ae cooling

o H B OHE R L P e g R AR GG B e

re S&Jitégtp lt%t %ﬁez %I.lé%tgﬁigﬁ Béscghgngjﬁgvggggcéél%ﬁsn"( P hbgt ing)

ht to the g. omthe“top to the
fin%lqt tam m#ﬁt??%&d5ab3959ugﬂguéa5 hey speshfheahhantaBdpiates

al ns,

21 is as a whole directed in a 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 adirection from one 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 flow direction 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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direction” with respect to each of the plates 21 is
defined as a direction along which the gas is made to
fl ow and correspondent with a direction fromone end
to another end of each of the plates 20 21. Each of
atbed phpb €sd24ddi sconovi degaps tiheawpbnrghe tgpeafings 36 in the
openi ngs 36 which fixedly support the tubes 18. The
agpenetnysrod6 aftee drabnged tihve pigiah als tnoofanrsie wHilkan the
are perpendicular to the flow direction and arranged
dagmeven oAt eheabpenPogst Bérs 25 of the openings 36 in
each row are |aterally deviated from positions of the
openi Goblassi3T reepedt heehy sSteRdAr Hand the operyingh3gs The
t he openings 36, thereby the openings 36 in eac
celhrt I 556368 WUFaBRAECE of%ﬂS@eBéP%e%?wp? ﬁ@"{i‘&éﬂ

36 in th dj . The hal f itch |
P%T;EI%?%LP LRBR %cﬁﬁlea”%ﬁ&‘n’ﬁe@h% e Spbhi T YE  bEpfdgeveen
respective dth [ 36. Th
tE%IPde§7EEeP9?s%égngug%gggr fos Egggzﬂgsgaps Ioaarg
an adjacent, .plat
Cr anshesPrest Ppasay PRao iy Bbsiinny 198k pine 5 fhoned
oggsipcﬁgc#ong%cﬁpm %ﬁ%ngi%lgeoPp% 36 7ar §sChoRh in Figs.

unc ( to project fromone side of the plate 21
185, $ROWNThRSEI 9504 edPidndnthrim al§e88pP{ R 8packosid each

a group in each space and each pfojection is formed to
pb8i8cehane; 8f rarked dge havd RGalpegSfabh bbotibeehdsingdlags at
flat top spanning the I egs as shown in Fig. 6.

bgthd@t@c&sa 3thd 40 £14L abpt beanhddbetioé paph cgr shpwar én Fig. 6.
lrecte

Bridges 39, 40, 41 at the middle of each group are directed

flﬁga\gij acent

perpendicular to the flow direction and arranged in a row along
the flow direction. Upstream of the bridges 3%, 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 withrespect 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 directiocn.

Arrangement of the tubes 36 respectively inserted in the

openings 36 defines a plurality of serpentine flow lines 44 among
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per pendi cular to the flow direction and arranged in a
row along 15 the flow direction. Upstream of the
bridges 39, 40, 41 with respect to the flow
direction, just downstream of one opening 18, a pair
the 385 s SUb- BEi flgesc38ad B38beirpehtimedar Thussib g -dges The
38a, 38b are arranged to be symmetrical with respec&
priligetheocent era1 aind bepaib—tvd dges SiBant 840k r APt hd b are
center to both sides of 20 the pair 38 toward ttﬁ fl9w
arrigg@@t hDong S | mrtpgndiownksa ¥ damthst sSeReeptiages+8y, +11e°
, 41, just upstream of another openihg 1 air
44 .42 mafrtdee, br thiged eg2a, 0 U 2phe sPLIFRES, 3?1%\/\6@& 11P%1d the
contrary to the aforenentjoned sub-bridges,38
subvbeiﬁg@sbaﬁage§8@2aﬂ284262Er@r§|%HPégangﬁi%gt?nsggggllel
~to the center of the pair 42 5 toward the flow
witdi tdet iserPeRtidyfydneiit ]dfnetshezl'%'ubes 36 respectively

inserted_ in the | i 6 defin :
Sor BERt PABCFI di 11 T BOSRONL 7 T TCUBeS 56 g on the

as

indicated b erpent i . id.+5. -
con 58, S B ISERERRE % BHGRE efg e 06 opgemene

.arranged along. an | gUlAF +t anbheaseiantdmel shape.
rlbfl %glllgilh%tsllﬁl telggtrfﬁc{aﬂre thgelaggg o?bt he bri dges 39, °
0,41 and t b1 Blidgesd 883 o 138Re riRas ofidhabpenings
Thesﬁ%lé) z];\anfffgpla{/kef%sgafgal lel with the serpentine flow
18.Iln_es 44. The plate 21 is provided with ribs 43
projecting on the sanme side as the bridges as shown

i N Rirn Geshioshapard glhees i2is 481 itheidubssilfed aue of
but can be a triangular sectional shape. 10 The ribs
théd$ I AL I espBehdIedTsddt st of he heulpeasl Hfanechdnserted to

openi ngs _

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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18. When assenbling the plates 21 and the tubes 18,
one of the plates 21 is handled so that the tubes 18
are inserted to the respective openings 36 thereof.
The plates 21 are one by 15 one put under assenbly to

Whe%etﬁe”‘?ége&oé\&t&&hﬁﬂ e f18heVbebe sobe, ofhd mpitarnsts to
s on another of the plates 21 with interposing

turbheagohkara®fund hargapptbeeehet fiwen ithawmiat efinge the
the collar 37 serving as a spacer. After all of the
sulPatiele 2 ¥ Zandirichd 2nubes the apstassenisitedd fcﬁ@rteul?’é’sas to
18 are broadened 20 so as to fix the tubes 18 wt
cordiertptatesl@d, tHeerdby, of Heha gessisssmerthhe b&laé}%ge%nto
are conbined to formthe heat exchanging unit 17.
rigesems de fHeatt moastmngi Ajenukpe ngb§ é&%ﬁﬁﬁe&s ﬁotﬂﬁélcted
cylinder 14. The heat exchangin xchan &
by hbat suE bEédosante o DERFHIFT FEOHS P vJP’ﬁ JhRRrr Lhh&ioht
gas subject to the heat, ex such.as
andxﬁh%xﬁOWQﬁ?ﬁ&&mtoa$¢oﬁb?rﬁﬁ$ %tfgﬁmtﬁstﬁengo%?gg Py the
. oes aro h u
Su?@fjtciﬂﬁeg%&bt%i&é‘ c?gé%’(euﬁgl sulpde%g?)d%n(?e% abtpgﬁth%eg%%t and
ace ere nce the
do‘fr}r:% Eﬁlﬁh eg[{]i:\es? haethere %895QE£998§gnduc I‘é%?l I %lgve other
I he ow of th no b t
a e Tor preprhas Y ne THee é“%?@%%d.i‘f‘%ﬁﬁié?gﬁ Fher

o R PR O e s iz of
left streamis
théx%ﬁgggﬁ¥iﬂ§&&$@ group. Therefore, the streams of the gas
are respectively faired along the serpentine flow lines 44.
In general, gas flowing among cflindrical.bodies such as
the tube 18 tends to form stagnation around downstream faces
of the cylindrical bodies, however, the faring effect of the
bridgesprominentlyreducesthestagnation. 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.
Thestreamsofthegasfurtherreceiveforceinacﬁlection
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. Therefore contact lengthof the

gas with the plates 21 increases and hence efficiency of the

heat exchange further increases.
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sub-bridge 38b of the other group of bridges at the

|l eft and downstream The streans are respectively

nerged with the other 10 adj acent branched streans.

These nerged streans are then further branched by the

| ower nost sub-bridges 42a and 42b of the current .

bri d&e §ibspd 3 Thay %T%ﬁ@,rm?ﬁien%r%%r%or&lq%tbgés“’ mgng ioned
resgectiveLy faired al ong_the sergintine inMI|inBS

aboyg bpk b MEsgoD AW ¥ow BG TaRbAgP LGy i Tl FLRIPYIdides Just
h h b 8 d f [ .
dow%%&ﬁ%%s%ﬁéj Sgﬁa%fsi%é;atyi efﬁ#{%ﬁ%ﬁ%% %‘%B@ﬁ&gérﬁzms
gl R TPy ShnalPoR - RBPEneP 18 M crec "EEr basdgFea-
Morte%%egcasth%%dﬁb%gé\??%gﬁgﬁgfgﬁqﬂébelgéb%% Egcﬁgi!%lfﬂlg %hapes

in lat'era y the ri e stagnation
u ct,i,0
ox R FUSBIBY, 0oL OHOE Gl U g T 0, SR on ey
be %ﬁgyyggﬂybpnit 17. The streans of the gas further
receive force in a direction perpendicular to the
pl atres-t2k (,pehBeRHi 846 amd Y ba papeedf astidr Fhapdy), such
fromthe bridges 38-42 and the ribs 43 to 25
as biReBesHapessi ey hrifdgechuavesnThreesavcbebdfast3s, 42 may
l ength of the gas with the plates 21 increases and
alshebheeliaffded ency pafirt b€ sulkedir iekpdmidgdef ais tthher sub-bridges
increases. 9 The ribs 43 may be forned not of
38,ca®t.inuity as mentioned above but of discontinuity.
For exanple, nerely portions just downstream of the
t ubéd theusdy beef drmvsdttiemrbpactbann geprrdhsd jakgve by
downstream of the bridges 38-42 may not be projected.

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
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5 Moreover, the ribs 43 may be forned in paired
parallel rib shapes or half-round sectional shapes,
or any other nodifications may be applicable.
Further, the bridges may be forned in other shapes,

Wisathis aglaimwadshapes. Any bridge between the

sub-bridges 38, 42 may 10 also be divided in a pair

of - subheritdepeshanger £o1t feckabgbriduyat wagh gps made to flow
Al t hough the invention has been descri bed above by |

ref eridhce $0¢ediBe At Eobodt enkgabf CKRBAPAGENFEPBRL 1EAET:
invention is not limted to the enbodi nents desq&ibed

bRl b i F ipdatison §2aRd G H NGt RohsTBF THES and a second

embodi ments descri bed above wll occur to those
skil IEFSnh the art, in light of the above teachings.

AR oneR: CoPeh et ST S TERRRNE o Hagpet meaium,
di ' h _ T el na A L : _
o:‘ r Srgalé;;lc %éa%i %Zr\%ttnrggﬁﬂﬁ%g{e ?ﬁ?e% éasflldangj %Dgeclgl draq'? diged in

si de; [ 0, b nfigured_t
ther%ﬁ%é&igfiWEQh éaéﬁbgéhéf LhquERd, ?lQQQQHQE _f glanes

medium the tubes penetrating the platés an

bei ng, arFanged,idr Rarald &1 1 R O hehad PR i tubes

plurality of planes perpendicular to the flow
di recdr QychvpaRieN at-Bedt Hpesedla@fa €86 Pb afpatetween the

di sposed adj acent to gaps between the tubes on any of

adj acande Ploanasyser asijtaeehar planpkusaldd Yo form a plurality
of serpentine flow lines among the tubes; and

a plurality of bridges projecting on the first sides of the

plates, the bridges being respectively arranged to be

perpendicular to the serpentine flow lines.

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

the serpentine flow lines.

3. The heat exchanger of claim 1, further comprising ribs
projecting on the first sides of the plates and running

at respective middles of the planes.

4. 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
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of serpentine flow lines anong the tubes; and 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.

2. Theidleat exchanger of claim1, wherein each of the
bridges includes a pair of |legs at both ends to be )
arrphyetl Bty tubesseepbhginedftowdridies: a2bhgrmghdnedium,
heat exchanger of claim1, further conprising ribs

proj eehengubast penetFat 139 delke opl 2 hes piid de g arranged at
running at respective mddles of the planes, .25 4._ A

heat @RcKXFFerPieFh exBhAidig PeaPlwidt PH&Ehh® ©f Planes
flow in a flow directjon,_ihe heat exchanger .

conpr PETRENIACHLEF aF Pt {0 f fp?‘ét@%r%%‘ewlﬁav%%r%l? j g tubes
side and a secgnd 11 side; a plurali . uhes
confiaﬁrgac oﬁ;ﬁﬂﬁuﬁr%i??ﬁﬁ?&ﬁfﬁ%%yu%%¥%%ée?ug§sa lateral
penet atjng.the t bej r d..at v.en:

ot ero TR RS R e PP aFh T Sh ST EEPEE ot qp b E R acent

per peggégggaéytmaﬁ%ff LAW OLEERtA PN MRARINhbe: hibES1£ of

on ea ane” are respecti y deviated 1n a latera

di r ecthon M di i'esPeGrdd dhe nnbesanBrany Of tad 8688L; and
pl anes by half of the pitch of the tubes and the half

0f piheaPitghot LIAige ealsleddiany dratpkersret th@es of the
tubes; and 10 a plurality of bridges projecting on the
firstpshtes, othkhBridges being respectively arranged to be

perpendicular to the serpentine flow lines.

5. The heat exchanger of claim 4, whérein each of the bridges
includes a pair of legs at both ends to be arranged along

the serpentine flow lines.

6. The heat exchanger of claim 4, further comprising ribs
projecting on the first sides of the plates and running

at respective middles of the planes.

7. Aheat 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,
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pl ates, the bridges being respectively arranged to be
perpendi cular to the serpentine flow lines. 5. The

heat exchanger of claim4, wherein each of the bridges

15 includes a pair of legs at both ends to be arranggd

al ongwhemeiseitpenpPreingswini fiesh BOWTRESheaFPOSed adjacent

o1 o] et figPen BERIF SUIIRREPGEN 1 G Gt gifpacent rows;
St T SR L e o o
conpr #3176 43¢ G EP b o S BGA AEORGen 15 e ooe
For ned BT Te pravas syt GrpSiBed Firda BryPaET gy pradges

rows perpegg&%%h@ﬁcﬁﬁa&hgoﬁhﬂ¥EQBhegi£QEtioﬂ%nﬂ@%%@dﬁged.in

t he openin n each row are di sposed adjacent to

gaps betwegn {fhie ORGH NGSe | P18RY d@kcadidesnta MBSt @pair of
plurality of bridge groups respectively projecting on

the first s%ibd%&i@ﬁ;etshﬁiﬁgébéa afdahebpt hapasedl oft the row
the gaps, 5 each of the bridge groups including a
plurality efithrrégpscpeipend cubardivetthiofilaowl slanted from
direction and arranged in a row along the flow
di recti on, aacéhtstr paibotdf sislels- bfi dyest distpesdd tpward the
upstreamend of the row with respect to the flow
di rection dddwsddntesdt ifonomat®l & ceanend teabot ¢f spdbsbridges
of the first pair toward the
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; and
a plurality of tubes configured to conduct a thermal medium,

the tubes respectively penetrating the openings.

8. The heat exchanger of claim 7, 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.

9. The heat exchanger of claim 7, 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.

13



flow direction, and a second pair of sub-bridges

di sposed on a downstream end of the row with respect
to the flowdirection and slanted fromboth sides to
a center of the second pair toward the flow 15
direction; and a plurality

3f.tuges congigured to . b
déndddee depfrerrehamSGumt CLR&™ Ubed UFESFECEPTRFY S1nNT T10s
trating th i ngs. _8._The heat, .e; f _
PF At RP s 57 RReoRbH bl dre So1s PIAIST aid,funning
itch i h.r. d | h : e
ovon L AL B3R LW RS A L LN LSl g

exchanger of claim 7, wherein each of the bridges and
sub-bridges includes a pair of legs at both ends to

25 be arranged along flow lines of the gas directed by
the tubes. 13 10. The heat exchanger of claim7,
further conprising ribs projecting on the first sides
of the plates and running at respective mddl es of
the rows of the openings. 5 14
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