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EXCHANGER 5 Technical Field This invention relates to a plate-type_heat
exchanger, and particularly relates to nmeasures for reduc?ﬁgA&%ﬁPEgggge
|l oss of a fluid. 10 Background Art Various kinds of heat exchangers have
conventionally been used in air conditioning systens, refrigerating
systens, chilling systens and the |ike. Qut of these heat e or
exanpl e, a plate-type heat exchangg%ckﬁplﬁg\pp as a conpact Wﬁ'@@%ﬂmﬂﬂﬂlmmn
exchanger having a |arge coefficient of overall heat trans

di scl osed in "Shin-ban, Dai 4-han, Reito Kucho Binran (Chyo-hen)iéigsp. 82,
edited by Japan Society of Refrigerating and Air Conditioning Engineers. As
at

shown in Figure 10, the p'ﬁﬁ&@%Y?@pEeﬁ A%X%$§E§3&3ﬁ§ 20 con h
a plurality of heat transfer plates (p?, (p), ... are piledﬂmwmm ‘summm
anot her between two franes (fl), (f2) . Each of the heat trans er 0&*a es
(p) is forned of a planar netal plate. The periphery of the heat®tFansf er
pl at ex (p)..25 engages. the peripheries of the adjacent heat transfer plates
(p) afﬁd %rﬁé’ é‘ﬁ%g'e%seln‘?l%orti ons are joined together by brazing. This
provi des an i ng,egr al I r f e plurality e 26, " t 2002
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transfer plates (p)- ow channel a secon ahne
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provi ded .5 mﬁtqireggﬁfféye openings (a), (b), (c), (d) formng an inlet or

out |l et o#ofﬁbcﬁlf§t ow channel (al) or an inlet or outlet of the second

fl ow channel (bl). By providing seals (e) surrounding the respective
openings (a) , (b) , (c) , (d) , a first inflow space (a2) and a first
outflew space (a3 h 10 communicating with the first flow channel (al)
aloniganggﬁﬁgg%%ﬂ) ﬁ% FOM/space (b2) and a second outfl ow space (b3) each

and [ | |
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that the Tnve he conventional at e- anges

have used 20.39rgald ed LogLLugLaohLY-CLonazeg; heatiuddansier BLabese(P). |

heat having t ongi tudi nal 1 engt

Consﬁﬁ'ef%%'a?(ﬁ %fﬁ%%{xg%?a@lafm%{%létagg%?%)l(‘%alasl?ﬁci ptfervards, heat

conv_entl _ona ransrer \ ng a large ratio o
oroL ot ad e anee et ban, by o hdgHED0 PRt
heat trapshgr, Pl 4 d Meff | Y0e aSPeCLatdL RIS Fabangesehanng! o
Refrigerating and Air Conditioning Engineers.
As shown in Figure 10, the plate-type heat exchanger is
20 constructed so that a plurality of heat transfer plates (p),
(p), .. are piled one after another between two frames (fl),
(£2) .
Each of the heat transfer plates (p) is formed of a planar
metal plate. The periphery of the heat transfer plate (p)
25 engages the peripheries of the adjacent heat transfer plates

(p) and the engagement portions are joined together by brazing.

This provides an integral structure of the plurality of heat

1



26" " August 2002 length. Therefore, such conventional plate-type heat
exchangers have caused | arge pressure |osses of the fluid_ ip the flow
channel (al), (bl). Particularly in the case of using a f?@ld“§h@h2992
fluorocarbon refrigerant involving a phase change during heat exchange, a
pressure loss in the flow channel becones |arger as conpared with the case
of using a fluid such as water in a single phase. The reason for this is

that a two-phase fdondias s | anger, pressine Joss.per il tolhow tatgabhan 2

si ngl e- phase dlng arge driving rce en required
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pressure. Therefore |f t he pr ssyr f the rigerant is |arge,
tenperatﬁre prdrlq d%h%ehg egcﬁgﬁé %e 5Hhes Ja 3% in a flomrng
direction of t d This inv tes of d cry srn t
exchanger effe ?'ilve%oers%er Osf endi lhlg ﬁ%gn If éo oaft? 33 r uspro I ch t he
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inflow space (b2) and a second outflow space (b3) each
communicatingwith the second flowchannel (bl) alone are formed.
The first fluid flows through the flow channel (al) as shown
in solid arrows in Figure 10, the second fluid flows through
15 the flow channel (bl) as shown in broken arrows in Figure 10,
and the first and second fluids heat-exchanges with each other
via the heat transfer plates (p).
-Problems that the Invention is to solve-
The conventional plate-type heat exchanges have used
20 so-called longitudinally elongated heat transfer plates (p),
i.e., heat transfer plates (p) having their longitudinal length
considerablygreater thantheir lateral length. Inotherwords,
conventionally, heat transfer plates (p) having a large ratio
of the longitudinal length to the lateral length, i.e., a large
25 aspect ratio, have been used.
However, the flow channel (al), (bl) formed by the heat

transfer plates (p) of large aspect ratio has a large channel



10 the channel length is decreased w thout decreasing its heat transfer
area. -Means of Solving the Problems Mre specifically, Btln t e- t%//\)&i %eat
exchanger according to the present invention in which a fI:Z S ) % nnel
(A) or 15 a second flow channel (B) is fornmed between adjacent two of
plural piled heat transfer plates (Pl1, P2; P3, P4), the first and second
fl ow channels (A, B) allow respective first and second fluids to flow

therethrg§§ht|hn a Iq. %I o|rneal dé&&%:tl n of %an eat e&nsf ?ih éh ]
eac

P2; P3, Jand the st and second 2 are exc
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has a larger pressure loss per unit flow rate than a single-phase
10 flow. Accordingly, a large driving force has been required in
order to pass such a two-phase refrigerant through the flow
channel.
In addition, such a refrigerant decreases its temperature
with decrease in its pressure. Therefore, if the pressure loss
15 of the refrigerant is large, temperature profile in the heat
exchanger becomes large in a flowing direction of the fluid.
This 1invites a problem of decreasing a heat exchanger
effectiveness.
Depending upon the type of apparatus inwhich theplate-type
20 heat exchanger is mounted, for example, the type of air
conditioner, a severe constraint may be placed on pressure loss
in the flow channel. 1In such a case, conventionally, the number
of heat transfer plates is increased to decrease the flow rate
of refrigerant per flow channel thereby decreasing a pressure
25 loss. Such a method, however, necessities a large number of
heat transfer plates, which invites rise in cost of the air

conditioner.



direction (Y) of the heat transfer plate (P1, P2; P3, P4) and provided with
an inlet (23a, 23b) and an outlet (24a, 24b) of the second flow ch | (B)
at respective other ends in the |ongitudinal direction (Y%GOV“@Hﬁtgggf
transfer plate (Pl1, P2; 15 P3, P4 ) , a primary heat transfer enhancenent
surface (20a, 20b) for enhanci ng heat exchange by giving disturbance to the
flow of each fluid may be forned at | east between the inlet (2l1la, 21b, 23a,
23b) and the t - 2 f 1e. f (A
oyfd re%%%ac 1930 2% 12Ab), ﬁ%g% ;?Lfn1 t,ggg {;ﬁ‘é‘&ﬁ@a&@%é

B) of the heat transfer plate (P1, P2; 20 P3, ongi t udi na

ength oL RS ois! SRGY HI8A £ d FARSLEE c NBNCEHRIY o3ULERAAR A 205 2 20D) ,JBY De

equal to or sma an two tinmes t ength t | et
(21a3 Zlgka%nngngnggglﬁg g%éaa Q%QléoﬁrEQEuE%rﬁ%sf'BW ghgﬂp?P £€)%SHY be
provi ded 1n cater-cornered opposite 25 positions 6f the“hea ranster plate
(P1, P2; + P4), and the inlet (23a, 23b) and the outlet (24a, 24b) of the
second ffow ¢hannel (B) may be provided in another cater-cornered opposite
5 26t" August 2002 positions of the heat transfer plate (Pl, P2; P3, P4).
The inlet (2l1a, 21b) and the outlet (22a, 22b) of the first flow channel

(A may Re_pravided | -cornered opposite positions of the heat
transfeng %%g% %,OEBJEE%§{$ﬂ§H, the inlet 5 (23a, 23b) and the outl et

(24a, 24b the seqend nel (B) may be provided in anot her
cater-cor%greg ggﬁbsite ﬁ%g? |%%2§of the heat transfer plate (P1, P2; PS3,

with: seals (1ntheslan Tob 0t bt £ o e Ebs REeeREY HittePLel” £BED:E
23a, 230, and el DSQUl LAl (228, 220 2 240, Of RRGHLOFoLhEa! Low ghannel s

(A, B) and'rise on'the front side or ransfer plate
P1, 142; , 11 ar. nt i LI st S ul ds. oW n
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respectiéggﬁsfg% 15 ngagi ng one of the adjacent heat transfer plates (P1,

P2; P3, ); a primary heat transfer enhancenment surface (20a, 20b), forned

in a longjtudinale rgoqggrﬁ(j gg}b@fpfgglgﬁgrh transfer plate (Pl, P2; P3, P4),

for enhanci ng heat exchang y giving disturbance to the flow of each fluid

vertically 11 qung sg);%c%(%itc{;égnl e’?rte?n’%i%étgé’g@(%%gt(g%%?gg?e??)acgﬁ} ingnd an

auxi liary heat transfer en surf ormed between the
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heat transfer 6
and second flow channels (A, B) allowrespective first and second
fluids to flow therethrough in a longitudinal direction of the
heat transfer plate (Pl1, P2; P3, P4) and the first and second
20 fluids are heat-exchanged with each other via the heat transfer
plates (Pl, P2; P3, P4), is characterized in that each of the
heat transfer plates (Pl1, P2; P3, P4) is formed so that a
longitudinal length (L) thereof is equal to or smaller than
two times a lateral length (W) thereof.
25 Each of the heat transfer plates (Pl, P2; P3, P4) may be

formed so that the longitudinal length (L) thereof isnot smaller

than the lateral length (W) thereof and not larger than two



26t " August 2002 enhancement surface (20a, 20b) toward the outlet (22a,
22b, 24a, 24b). The inlet (21la, 21b) and the outlet (22a, ég? of #8@ first
fl ow channel (A) nmay be provided in cater-cornered opposit2 f fs of
the heat transfer plate (P1," P2; P3, P4) , the inlet (23a, 23b) and the
outl et (24a, 24b) of the second flow channel (B) may be provided in another
cater-cornered opposite positions of the heat transfer plate (P1, P2; P3,

P4), and f ot ty ty r ates (P1, P2; P3, P4) may be provided
Wit h: 10@2%{%5%611822%%%3% hl‘%g(i%ﬁ }rred to surround the inlet (21a, 21b,
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h f
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seal s (1%%1% %Efljn‘r{bc} ’%{ tPfovb‘teé‘ﬁaE ansf(fé20 ate (P1, P2 P3, P4) and the

primary heat {7 ansfer- enhancenent ~surface 25 20b) for enhanci ng
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may be ar raq}gé%j d%u' Lre uI le'tnt Eléval 53?8 pl%t aﬁngggaer Vgar ?é\tl\ggg?ot ?e ribs

(53thl’0l§) |nterrm|aeth ends ReCr | han

that betyeen 1 H bﬂc%‘glct%%rO%f’ztgg%t%%%gre tt‘ivtd Son%jﬁa%&?tﬁgenrggﬁset

The pIuralltyo forne
Eg&ougg i@lg’%‘%{%ﬁg ?I;L%t E)J{?ﬁ ”%&OB ft Pﬁe rﬂé)at_settr Ins Perro%q rtet f‘ﬁ,r]_’t BE,” b
15 P3, P4), a primary heat transfer enhancement surface (20a, 20b)
for enhancing heat exchange by giving disturbance to the flow
of each fluid may be formed at least between the inlet (21a,
21b, 23a, 23b) and the outlet (22a, 22b, 24a, 24b) of each of
the flow channels (A, B) of the heat transfer plate (Pl, P2;
20 P3, P4), and the longitudinal lengthof the primary heat transfer
enhancement surface (20a, 20b) may be equal to or smaller than
two times the lateral length thereof.
The inlet (21a, 21b) and the outlet (22a, 22b) of the first
flow channel (A) may be provided in cater-cornered opposite
25 ©positions of the heat transfer plate (P1, P2; P3, P4), and the

inlet (23a, 23b) and the outlet (24a, 24b) of the second flow

channel (B) may be provided in another cater-cornered opposite



15 of the rib set. The plurality of ribs (51 through 58) nmay be arranged
substantially radially in the flow channel (A B) downstreamJfro i nl et
(21a, 21b, 23a, 23b) and the length of the rib (51, 52, 5?8 é’éﬁg”g 2@@? to
the ends of the rib set may be larger 20 than that of the rib (53 through
56) internediate the ends of the rib set. The plurality of ribs (51 through
58) may be arranged substantially radially in the flow channel (A, B)

dounst TepILLEOMLG J el ((21a. . 21h ca3an 230 @0 (e Lengtpyof fne rib 25

(51, 52,° cl'oser the ends’ e"rrb 'set’ may be ‘smaller than that
of e ri (Supugl Bh)a ! GOl te L0, NG, 5008 Chabln £ LReoF o8,
fl ow cha elﬂ ﬁ)an%%q tr}\_ secor%j fllrjé)gif[egvm.ngcthrOlJ_%h rtrperes condof£ w
channel ?gf’ rr%y be “a £ ﬁl FFHrPprE P At g hédlt “xctange THvol vy a gﬁase
{1 ow chaRREN ST e T REPSacEa BUE UG | Bridit Eher Eat B4 aLkPebtlal ac a
{ranst er (2984, ZHRor A e RSNt (F05 nArBhsT hd ThEROTBor L8F FRALTE Fanst er
plates. IpPIRRPHCS Janeiof 180D, {41 €.320 b8 AR R85H WMo 5B 11 BLDT O
of the heat transfer plate (Pl, P2; P3, P4), and each of the
heat transfer plates (P1, P2; P3, P4) may be provided with:
seals (12a through 15b), formed to surround the inlet (21a,
10 21b, 23a, 23b) and the outlet (22a, 22b, 24a, 24b) of each of
the flow channels (A, B) and rise on the front side or back
side of the heat transfer plate (P1, P2; P3, P4), for preventing
the first and second fluids from flowing into the second flow
channel (B) and the first flow channel (A), respectively, by
15 engaging one of the adjacent heat transfer plates (Pl, P2; P3,
P4); a primary heat transfer enhancement surface (20a, 20b),
formed in a longitudinal midportion of the heat transfer plate
(P1, P2; P33, P4), for enhancing heat exchange by giving
disturbance to the flow of each fluid vertically flowing on
20 the heat transfer plate (P1, P2; P3, P4); and an auxiliary heat
transfer enhancement surface (30a, 30b), formed between the
seals (12a through 15b) of the heat transfer plate (Pl, P2;
P3, P4) and the primary heat transfer enhancement surface (20a,
20b), for enhancing heat exchange by giving disturbance to the
25 flow of the fluid diverging from the inlet (21a, 21b, 23a, 23b)
toward the primary heat transfer enhancement surface (20a, 20b)

or the flowof the fluid converging from the primary heat transfer



Wien the aspect ratio is set at a value of between 1 and 2, a drift due to
increase in |lateral length (W can be suppressed 15 and a,siitabl e ect
ratio having a small pressure loss of the fluid can be ob?giﬁgﬁWStzgag
Furthernore, since a drift can be suppressed by the plurality of ribs (51
t hrough 58), the fluid uniformy flows through the flow channel (A B). 20
Moreover, the first fluid in the first flow channel (A) and the second

fluid in fd n o] 0 he r i vV ow
channel se%tg\,gn%%&%ﬁgngsui}#ggﬁag%nzf B%)?H hgléﬁég? #%%nfsofug:rl egfg%é% ’P%E%Q; P3,
P4) . The%gggrggbgyen if the aspect ratio is small, the fluid can fl ow

y u

relative ormy 25 through the flow channel (A, B). Further, since the
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where the flurd rs essentially easy to flow, oW 0
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15 channel (B) and the first flow channel (A), respectively, by
engaging one of the adjacent heat transfer plates (P1, P2; P3,
P4); a primary heat transfer enhancement surface (20a, 20b),
formed in a longitudinal midportion of the heat transfer plate
(P1, P2; P3, P4), for enhancing heat exchange by giving
20 disturbance to the flow of each fluid vertically flowing on
the heat transfer plate (Pl, P2; P3, P4); an auxiliary heat
transfer enhancement surface (30a, 30b), formed between the
seals (12a through 15b) of the heat transfer plate (Pl1, P2;
P3, P4) and the primary heat transfer enhancement surface (20a,
25 20b), for enhancing heat exchange by giving disturbance to the

flow of the fluid diverging from the inlet (21a, 21b, 23a, 23b)

toward the primary heat transfer enhancement surface (20a, 20b)



wi t hout increasing the nunber of heat transfer plates. This makes it
possible to construct a heat exchanger having a small pressyr.e | os | ow
cost. Further, if the aspect ratio is set at a val ue of bgéw@@Hugtéog%d 2,
there can be obtained a heat” transfer plate suitable for decreasing a
pressure | oss while suppressing a drift of the fluid. Furthernore, since
the plurality of ribs prevents a drift of the fluid, increase in drift due

to decrease,i f§8ggﬁ%té§@fﬁi c%ﬁggggiﬁéﬁfﬁ%%%%%1@&9%ea¥§%ar$éP%fa?%grs

fluid flows al ong Iagona ranster the
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ang e 2413 ALY eat analer, pullNCeTy BUCL AR o deat erclnos, can be
pat el onal Cudiial Lear NA0er oAl | S EUSLL 0, Of STBLL S A et res
Furt ke, e i ol EEE: HACR BTodts oL Fhpgad ar Autegda | 28} val s.
Therefore .l i tenneq;ate IoEatiogs Q t he rhbd§%% \er e the fluid is
essentlaPpﬁ &4 %(}qlcﬁﬁpﬁ%% Y?o%/8F &G T e §Uﬁpressed since the
interval bet n 25_1} haeliri bs QGate 5th _rheiorll‘1 ihs5 rrow . on thenot Iaer hand,
at the ends oft th® 1T SE1Y iere tthe o1 S1A LS SEdnFrs P§ REFAEES Phw, the
[Low of 15 Ll Sa0 85 apeleral el 5L e o) thetualn, 481 ry oy 2002
uni form)éhtr%ruoglllxg%é)h%n%rgrin{eedfa{t%/v&bé’jme{]r?clis' (;I' itshe rib set is narrower
10 than that between the ribs (51, 52, 57, 58) closer to the ends
of the rib set.
The plurality of ribs (51 through 58) may be formed so
that the rib (53 through 56) intermediate the ends of the rib
set is broader than the rib (51, 52, 57, 58) closer to the ends
15 of the rib set.
The plurality of ribs (51 through 58) may be arranged
substantially radially in the flow channel (A, B) downstream
from the inlet (21a, 21b, 23a, 23b) and the length of the rib
(51, 52, 57, 58) closer to the ends of the rib set may be larger
20 than that of the rib (53 through 56) intermediate the ends of
the rib set.
The plurality of ribs (51 through 58) may be arranged
substantially radially in the flow channel (A, B) downstream
from the inlet (21a, 21b, 23a, 23b) and the length of the rib
25 (51, 52, 57, 58) closer to the ends of the rib set may be smaller
than that of the rib (53 through 56) intermediate to the ends

of the rib set.



makes it possible to prevent a drift with reliability. Furthernore, when
the fluid providing heat exchange 5 involving a phase chapgg J S us t he
above-nentioned effect of decreasing a pressure loss in tﬁg #Vﬁ%ﬁ%ﬁ&g%el
can be exerted nore remarkably. Brief Description of Drawings 10 Figure 1
is an expl oded perspective view of a plate-type heat exchanger. Figure 2 is
a front view of a first heat transfer plate according to Enbodi nent 1.

Figure 3 1S affantaof eieoheageconds heat, {d 3elal, Plale, dn, 3pgoEding to

Enbodi ment 1. Figure iI's a graph showi ng perfornante co Fi'son between

nvent | ve 1RRAcAONNEN! | AN A LXAIRIES,Ad (s Ehe 1 DG hOVALSS, 0 (31L 23Regy ratio

. O
is used as a par anmet gur e Is front view o

| ate 20 i i . Kl i f t view of second
eat trancrer s SR aRETEs Esoutinc o e 8 1eSh Baefe)Se
enl ar ged ;f ront;; 'ggevxczi gghg Qegéa#gr_lsfer pl ate show ng the arrangenent of a
rib set:

drift suppressin gure 8 is an expl oded perspective view of a
pl ategtyp t, langer accordi ng to anot her enbodinent. Figure 9 is a
graphsshan%§%¥ﬁgﬁgglationship bet ween the 12 26" " August 2002 mass fl ow

rate of refrigg{ant. ,and &6 ©YaRqLat Lof. DAL SLHANSLE vidth of the flow

channel (A, B) is increased but the length thereof is decreased.
As a result, the channel length can be decreased without
decreasing the heat transfer area. Therefore, without

10  increasing the number of heat transfer plates, a pressure loss
of each fluid can be decreased while maintaining the amount
of heat exchange.

When the aspect ratio is set at a value of between 1 and
2, adrift due to increase in lateral length (W) can be suppressed

15 and a suitable aspect ratio having a small pressure loss of
the fluid can be obtained.

Furthermore, since a drift can be suppressed by the
plurality of ribs (51 through 58), the fluid uniformly flows
through the flow channel (A, B).

20 Moreover, the first fluid in the first flow channel (A)
and the second fluid in the second flow channel (B) flows through
the respective flow channels (A, B) along the diagonal of the
heat transfer plate (Pl, P2; P3, P4). Therefore, even if the
aspect ratio is small, the fluid can flow relatively uniformly

25 through the flow channel (A, B).

Further, since the flow is disturbed in the primary heat

transfer enhancement surface (20a, 20b) and the auxiliary heat



coefficient. Figure 10 is an expl oded perspective view of a conventi onal

pl ate-type heat exchanger. 5 Best Mdde for Carrying Qut t Inventé8ag
Herei nafter, enbodi ments of the present invention wll eSHausk th
reference to the drawi ngs. Enbodinment 1 10 -Structure of Plate type Heat
Exchanger (1) As shown in the expl oded perspective view of Figure 1,

apl ate-type heat exchanger (1) of this enbodi nent is constructed so that a

plurality of, heat ohhanRShaL f)rr' @%gsfa(c%l)(aog%ogf s h%geeghgﬁrgéte'y

pil ed between two franes and I5 i'ntegral I'yj oi ne

brazing. oRekyee tNe 1 ug MAMRS ndcldr thal er(tr%at}ﬁm&%' (A {4 olghs waich a
first flurd flows and a second fl ow channel hrough |ch a second
fluid fl r el n
prgbidedgg%f%égn ﬁ%% gkhé%ﬁ?pﬂé%%psggﬁq# 3%3€¥§?H@Q @S)%Poph iigure

curf hce FE%%%%&%88r§£siﬁéfs§?% SRR i)fa%%%P%giﬂ%§9(ééé@ifgérﬁgPéPzﬁHEQS
uhi ¢ W LR GG Qﬁgga%ter[gzb% OFhb} Sfan ok LI dda LIATREER PRET od

the forenost position ure S four corners . e ower

left cor rl‘%éx;glttrﬁ%ll%%ﬂerlen tocfogl%feer Pgl@ﬂeaﬁlipgleeraé ecfrt Csoféller %ﬁégg%{lgwer

ri ght corn are connecte as an

August  2Q02 re' 426k pezéxs)r tf.hg Jéiéé ef%dﬂd]. to orlgrfélf%t%arpwséfal?ésan

outl et pipe or t fi'rst inle

for \he, aheondcElundgnd.a § gong<on Lehr iR 167) n83 20, AULh el phReLor the
§% ch'o s8R sef

second fluid, respectivel "heat trans ate (P1)

and the gagand heat; f, cﬂ{%z%rcf’é b rggéaEEnhort?%?))pWet%@r%'fé% openi ng

(21), a second opening openi our openi ng

(200 1" 4 e coroopendng, Poskbons 0L MEyl ke Ul BRsA oy b T
arranged at irregular intervals. At intermediate locations of
the rib set where the fluid is essentially easy to flow, the
flow of fluid is suppressed since the interval between the ribs
(53 through 56) is narrow. On the other hand, at the ends of

15 the rib set where the fluid is essentially hard to flow, the
flow of fluid is accelerated since the interval between the
ribs (51, 52, 57, 58) is broad. As a result, the fluid can flow
uniformly throughtheentire flowchannel andadrift cansecurely
be prevented.

20 Moreover, when the fluid performing heat exchange
involvingaphase change flows, the effect of decreasingpressure
loss in the flow channel can be more extensively exerted since
such fluid has a property of a relatively large pressure loss.
-Effects-

25 According to the present invention, the length of the flow

channel can be decreased without decreasing the heat transfer

area. Therefore, a pressure loss of the fluid can be decreased

10



10 the second outlet pipe (7), respectively. The first opening (21), the

second opening (22), the third opening (23) and the fourth.gpenin )
constitute an inlet of the first flow channel (A), an out?gtaﬁpufﬁ%6$?rst

fl ow channel (A), an inlet of the second flow channel (B) and an outlet of
the second fl ow channel 15 (B), respectively. Further, when the plurality
of first heat transfer plates (P1) and the plurality of second heat

{ransher IAkRs. (R0 A& A IO P Letho B TLEShSEOLI BapRace (), a

first outflow space {( secon OW space second

1 _ . : : ' q :

5oy e A b RS R g S et R ERr e S AR TEERCERREE U as

shown in @eggﬁgg %J%ﬂg . £aGh-.gL+the heat transfer plates (P1) , (P2) is
fra subst anti al

formed o y rectangular plate made of netal (such as

stai nl ess st eel%lé%{?a?%ggﬁr%ﬁﬁg)%%;%g?éoh%tS ;L_ﬁgéfaet;,_ qmag%egggggeg%gaces

(20a), (20b), a ress wor on its surfaces.

Dot PAry 2 gR0E, Phalll Behhen0Rtat i8Rk oRh ol PR L Lk oL ER b 30E-8REN o

entirely ™1 ugus n a manner roa

toward t e t t he ' ral. _ed can. he over ped one _on
anot her '?%rf o@rurjegf%%glgé%egf%gggéﬁpgheOsgatglgl-%llyepes%epafe%% (gngegr%%: \c/\)/ﬁen all
t he heat ansf M4 plates (Pl1) , (P2) are piled. That is to 5 say, the side

;
face of tthee plat’e-type heat exchanger (1) is formed so the bent peripheral

First heat tronet Broprare” (pce B pLuOAAT REE R Fa vty %2@%{% e
d h f - [ - ) 10
Cranst er o reat {pry LS4 EEkn, ki BHEPRE o SEREE 0L 2By RS on

sideqgThe fir Qﬁgg fer plate (P1l) and the second heat transfer plate
(P2) ]gre%ﬁ éjcsjeti n rrréa%%g@that the front face of one heat transfer plate

{irot hoat 17aRrer e pPafes BEfTand ik Tathe ke by e LeBEa® on
transt er gl ahe (P2). o ke il ELav chaanel . (A). Lhrough Pl el thechlr s

fluid flows I's forme the d etween the back face o
ot ey LranpLer. L ALE R ondohle onlcd s o 0o esand hesd
?gg;’”d Pl oM d P iHOERBIp r1 ASRGChe RRLE P2 RE ERAE L AL ARSHEN PLALEAEED) -
15 and the auxiliary heat transfer enhancement surface, heat
exchange can be enhanced. If the primary heat transfer
enhancement surface is formed so that the longitudinal length
thereof is equal to or smaller than two times the lateral length
thereof, the amount of heat exchange can be increased while
20 suppressing a pressure loss of the fluid at a small value.
Further, the drift suppressing rib set is arranged at
irregular intervals. Therefore, at intermediate locations of
the rib set where the fluid is essentially easy to flow, the
flow of the fluid can be suppressed since the interval between
25 the ribs located therein is narrow. On the other hand, at the

ends of the rib set where the fluid is essentially hard to flow,

the flow of the fluid can be accelerated since the interval

1



As a characteristic of the present invention, the aspect ratio of each heat
transfer plate (P1) , (P2) is set at a value of 2 or |ess mPartlcybggly in
this enbodi nent, the aspect ratio 25 is set at 1.5. That ?g

shown in Figures 2 and 3, each heat transfer plate (P1), (P2) is forned SO
that its longitudinal length ( in a directionY) is 1. 5 times the |ateral
15 26" August 2002 length (in a direction X). In the conventi onal

pl ate-typetheah exehangsr Soddteld @sPeCin & 119rdSq MOre-LHak; 7 1§,n gqatrast,
in the plate-type heat exchanger (1) of this enbodi nent, the ?a er al | engt h

of 5 thef@%@%lééﬁﬂﬁﬁﬁiuHh%%%nh%rtHEBﬁ%%C@héQQuFH&;EQBQﬂéthﬂéh | epgi b

t hereof is decreased as conpared with the conventional one. Thi's decreases

the aspeafakre%t l& whid & keepi foptbseheatl Hranst %@{ ga subsiaptial Iy
PEos A

constant . In this nanner, eac the first fl ow channel and t he

second Tl ow channele ) r£an Just ee&% 191&&& WSy dg%%%assxbﬁgng@ngth

wi thout decreasing its heat transfer area. |n other the cros

sectign %vfofi%lf l oW %%@réelch%%é)% fﬂfé&ﬁs%é‘%é{f—&@@wn%ﬁe% cgan be

decreased so that” a pressure |oss of the fluid | ow C anne can be

reduced. o5 dg{aﬁﬁgmg'%e;e%f B G139 mecrfﬂesg%kq é}?&hﬂei’béﬁ‘%epéﬁé?%d

i nvention w e now descri bed conparing the performances of

conventi gaals @éﬂg%g gfheat exchanger (conventional exanple) having an
aspect ratio of 4. the pl ate-type heat exchanger according to the
present invention. 20 Figure 4 shows calculation results of the ratio of
flowrates, the ratio of heat transfer coefficients and the ratio of

necessarﬁrqg@b@@%égiggggnt5§n§;§&igbgtes of the inventive
10 Figure 1 is an exploded perspective view of a plate-type
heat exchanger.

Figure 2 is a front view of a first heat transfer plate
according to Embodiment 1.

Figure 3 is a front view of a second heat transfer plate

15 according to Embodiment 1.

Figure 4 is a graph showing performance comparison between
inventive and conventional examples in which the inverse of
an aspect ratio is used as a parameter.

Figure 5 is front view of a first heat transfer plate

20 according to Embodiment 2.

Figure 6 is a front view of a second heat transfer plate
according to Embodiment 2.

Figure 7 is a partly enlarged front view of a heat transfer
plate showing the arrangement of a drift suppressing rib set.

25 Figure 8 is an exploded perspective view of a plate-type
heat exchanger according to another embodiment.

Figure 9 is a graph showing the relationship between the

12



heat exchanger with respect to the conventional exanple when the inverse of
the aspect ratio of the heat transfer plate is 25 used as gmeﬁganeéﬁé and
the pressure loss in the flow channel is assuned to be eqa | AROUR f
other. As is evident fromFigure 4, as the aspect ratio is decreased 16
26t " August 2002 (as the inverse of the aspect ratio is increased), the
ratio of flow rates and the ratio of heat transfer coefficients becone

I : ' tLO.] ' th

A R L e T S

nunber OEoQ??HcH%%QQfer pl ates becones snaller. As can be understood from
[

t he above, the i nverse of the aspect ratio is gradually increased from

about 0.2 (pri rquﬁré 10 itg'grexaeg}p%lgocﬂ; CI;E%?}Q’gré%ttqareaogle{dr&?%Eac,toinoveorItJ}..'c?r%l

transfer 10 coefficients ri se un € inverse reaches

0.5 and e their. r i se when the inverse exceeds O0.5.
ﬁ??@e %@?e m%at %Q{ﬁ%ﬁéﬁf.

Furt her, the“inverse o spect ratio is gradually increased from
0.2, ghe necessary nunber of heat transfer plates 15 abruptly decreases in
correspondence with the abrupt increases of the ratio of flow rates and the

rati o of _heat,tr.an r coefficie , Leas i .rate of decrease when the
Beg% 5}0 '?o%: “Cd"“i%ln“%e%% n%:lﬁe fgve}l%lo

i nverse exceeds an ecreases when the inverse exceeds 1
e o S b LHETELES A AR REESERl NI e IS SRS TERL O e

be described with reference to the drawings.
Embodiment 1

10 -Structure of Plate-type Heat Exchanger (1)-

As shown in the exploded perspective view of Figure 1,

aplate-type heat exchanger (1) of thisembodiment is constructed
so that a plurality of heat transfer plates (Pl), (P2) of two
types are alternately piled between two frames (2), (3) and

15 integrally joined together bybrazing. Between the two frames,
a first flow channel (A) through which a first fluid flows and
a second flow channel (B) through which a second fluid flows
are alternately and repeatedly formed in a manner to be provided
between the adjacent heat transfer plates (P1), (P2). InFigure

20 1, illustration of wave-shaped parts forming a heat transfer
enhancement surface (20a), (20b), seals (12a), (12b) and the
like (see Figures 2 and 3) which will be described later is
omitted.

In the first frame (2) located at the foremost position
25 in Figure 1, its four corners, i.e., the lower left corner,

the upper right corner, the upper left corner and the lower

right corner, are connected to a first inlet pipe (4) as an

13



ratio of flow rates and the necessary nunber of heat transfer plates are
not substantially changed. In other words, the aspect ratiQ,i s set 2 or

| ess. On the contrary, if the aspect ratio is decreased, ?ﬁmﬁﬁguﬁﬁaﬁﬁzof
the fl ow channel is increased thereby easily causing a drift of the fluid.
Therefore, in order to effectively reduce a pressure loss of the fluid
whi | e suppressing a drift thereof, 17 26" August 2002 it is nost
preferable,that .t he aspect ratio i.s . ngt smaller th and n | arger than
D Copect f1dal iR AT RARE R Flpnd ; 8 pEReOMRTa} B2 The' 2508,
ratio is ratio of necessa nynbers of 5 heat transfe | ates is
0. 85, \/\h?gﬁ%)r?{e;altﬁ}rsl%tehgfio}i htglenecle% ér i%/illﬁﬁﬁbela égﬁoﬁéj rlerg]chte(P]tﬁ/e a[)%ﬁtaES% I n
the plate-t eat. _exc r( f .t f.qregaj ng enbadi nent, since the
aspect rgFi éﬂﬁng%,p% hé;oarpg%l% %‘%C‘?]%%‘eggﬁ%g r‘?%r?bear SHPHeat 1 Fahst &S pl at es
is 0.80, i ans..t.h the n ssary_nunmber can be 10 reduced, by about
20~ . By(\ght tglgng%%t %thalseg’{acqlg%tféga?ﬁl F)F% ess fas des AW Jb‘f)‘?/]ei,/'the

present inventdon c educe e _necessary nu r of_.heat transfer plates
by 1?8 or nor eéaa% &;afnrrﬁéﬁeglﬁskh%?%gctp Fortart? t(ﬁlnsagfi %ﬁ?u%?%‘?’gdof

130
The 111 oPBROGE CPTRASFeP Bt 12Pr ) SaRAERRE ¥EEbnd hohe tioBRareF brhTe (P2,
third optrtueopaad iyt id end S RERILARR] 1945 Fohshbi ek omav ng
Feft ' corngt e o a iEiR Nt POFhEERhTrT d® inir LT R Phver
(o9b) T BT L EhECREE S BUEAof BYRE 157 BEF' PRRahgnth1ety B obertbP afat or b
tonaltr RS, PESARE R  BiBe . (e ARy fY At EY HrETS a5 1hEEn)
SPanst or gPate EBe) PePRe CokrAhS, 220y, SHR FhGTh B8R AR (330 AgtISHE) ana
Sl et owiPl T Ehe TR tal e R e RB R D e DL A A B £ a5 e Bt g t e
(o) 1 SR e B B T P RB RS r e R FRURRRL BT BT HaTBEnEE ChERG "
Surr oundbasoreT AL Sl 16 Shfan Bt AG B oarid by ESREREL T
the pAck gy, respectively. Further, when the plurality of first heat

h
r
S

transfer plates (Pl) and the plurality of second heat transfer
plates (P2) are alternately piled, a first inflow space (8),
a first outflow space (9), a second inflow space (10) and a
second outflow space (11) are defined by the first opening (21),

20 the second opening (22), the third opening (23) and the fourth
opening (24), respectively.

As shown in Figures 2 and 3, each of the heat transfer
plates (P1l), (P2) is formed of a substantially rectangular plate
made of metal (such as stainless steel or aluminium) and has

25 heat transfer enhancement surfaces (20a), (20b), (30a), (30b)
formed by press working on its surfaces. The peripheral edges

of both the heat transfer plates (Pl), (P2) are each entirely

14



10 side toward the front side. On the contrary, the seals (14b), (15b)
respectively surrounding the third opening (23b) and the foprth o e}
(24b) rise fromthe front side toward the back side. Wen? gﬁé“FWFggghg
transfer plate (P1) and the second 15 heat transfer plate (P2) are engaged
and joined wth each other at the seals (12a) , (12b) through (15a) , (15b)
, the second f|UId is prevented fromflowng into the first flow channel

(A) and %%)%tf'rét éﬂr@efStﬁ;ﬁ¥e§&§8hftf1&mbfrjo%\ﬂer}ge n&&%@ £ ggagdf Lgw

channel I'n addition irst-in om1space ( I'rst
Second | %?ﬁ%o%&ti%)aeer?f %@%S't S SR Praares p%*c%“f‘{&??‘”%ﬁeté’?rmmﬁf‘ﬂat e
hr ough. (RET I s At £ AR %E%%%P trhEharer' Gu Pebugh
bl at o (PDLL EB: '%Va‘ﬁ?%t‘%ﬁéftﬁt%ﬂ@%eafﬁﬂ 2P Akt S e P200)

ransfer % Hgﬁéérﬁén (E LR cpgR) e 00ks ek B PR P E Rl
) S el R gipt Bl Al 5,000 e

onoitudi nal epdia, f 4 i gat, ig 998567 AL BRL £4(2) e The, gyt ary

heat transfer en ancenen sur ace orned OVEr "a space

bet ween { %hancama% £l g;gugpiog@e £ o0, A0, Ny B LIREY gheat

transfer nment surfac eat ransfer

Eﬂﬂiﬂﬁ.eng Prafshs égf%tegﬂ("??ﬁé Frs eebinne aD s de FlpbR IR ers: o
The fgat tgaq{gségr{qgﬁgmcwgpgg facs QHat)frgaoeaefg%oaae L300} ol s for med

in such a wave pe that s are a erna Iy repea{ed 15

hoat trang J%%%ﬁ%'&ggkéﬁ?“sﬁﬁf%%%*l?%éi% {oERp Sk eSS Fabig shEBhy
so-cal | ed by ghane. LaLpd nalidiag g rd'aymagﬁ'e' "o 306508, L70) and

a downwar dl y |nc |ne %i%n 7)1n mhl e ex i Fecti6n of the

(1 dges and yald @vshd 5, 20: | pebhped upardl y and Anyal gl 'thgow@esé £0geri ght

hand of igure, respectlve eprlnary

h f 20 f
?Eﬁﬂéi("‘ﬁ%ﬁ%fﬁﬁe e %9“{192# “Eﬁm%%@éfhﬁ%%?f“%-‘x%ﬁ?ﬁ%? SRR

randPor B (FRY) & e E%%V Bhek et oth, c*hvers%'&%?tdnéestitt?gf?%ﬁééta??iﬁsfer
enhancengps, suriac ltégahoc,s@@%?sgga d&PStH‘Pc?& PRI Qo 26,1 August

2002 glVlng dlstur ance to the i'verging the inlets

(21a), (2f31 i (l%’;gfb%rn(e?cigb)m{ ]9:‘[’}% gaékli'@r PLL BT Y Q@@&ehr apsf ggcﬁnﬁgggegﬁnt

surface or the conver gi ng rontt e prinmary heat transfer

enhancemsle St A0t dA0R:ad 205) 51104061 agholyLie Bitl sLs (2gak e (220)

, (24a) eat transfer plate e second heat

”anSfer@eQ:tcﬁid'?ge)a@ Hidfer sotaleomench ALIEL bRt beoBXLRAANEY (p)

directions of the ri es an eys of thé heat trans er enhancenent

Surf gges Aalgn 4200) fa6208konal 90k cS0pe 11 £kl ynod0 as shoun i

Figure 2, 1In t e first heat transfer pla e (P1), e upwardly i nclined

section (,%% éc?‘t froroed 4B ﬁ?ﬁtl 9‘;:'ﬁn|§%| : pqgc]ket h(ePp)ovvny\@égl y inclined

section ( Is formed 1n the ri haI the contrary, as shown in
Fi 3, t P I d
seg?rgn (2;? |§§f§%§hrné§§§; Ié? ?%%S% g) hie 3ﬁa§$g¥§ﬁghéﬁk §|ne
t d t h t t
ol ate (PER T R %é%ttge?hetﬁaé%%%hé‘f‘%t er (Bt b bF (395 B A 38 Bes of

low heat Jgansf ¢gql.at Ea?'&%%‘?tsartﬂizel%{aéﬂles)’ém%d&%n%t Nefe ass%éé‘é‘ﬂca%l%' 9zag

25 is set at 1.5. That is to say, as shown in Figures 2 and 3,
each heat transfer plate (Pl), (P2) is formed so that its

longitudinal length (in a direction ¥Y) is 1.5 times the lateral
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20 channel (A), (B) is formed between the adjacent heat transfer pl at es
(P1) , (P2) . -Heat Exchange Operation Next, description n?@&zabOUt
a heat exchange operation between the first and second fI é“pHsE

pl ate-type 25 heat exchanger (1). Here, fluorocarbon refrigerant involving
a phase change during heat exchange, such as R407C, is used as the first
and second fluids. 21 26t" August 2002 As shown in solid arrows in Figure

1, afirst refri erant in |lowtepgperature gas-1iquid two-phase condition

fl ows inﬁgqgiﬂl D e FF St PP o channel's (A) , (A) , ... fromthe first
nl et e (4 tho h the first ow S t he other _hand, 5 a

;econdplgfrfgépéng ugCﬁPdﬁ”ﬁéﬁ&ﬁ%ﬂRi s Ey%%ngeﬁloﬁﬁQQﬁﬁg??ﬁb Fﬁglgecond

fl ow channel s

h | et 6 h th
second i AN (ﬁﬁtspf)e?cfel? 10) Poife tfr?arrg]t}‘rgf econ%%t_reb etﬂém %{@Ergﬁg B r st
fl h | heat d th h d
thflvugha?%%ts 195 CrAroITCE o ﬁeﬁﬁéi’@wrﬁg%? E?QF@Q p1p2"(F3).

first_refrigerant, is eva rated and th d.refrjgerant
e o ohaonia b aE i L E b8 A S SR easoﬂa% 1809 4S5 Feon 4P RE gflows
out from hef st out | et e (5 thro first otflo S )
on the oftfhETae %cg%%gﬁﬁ A7 FPBBRLHE orideridisl SO YFRGE eREbnaRer on

flows ou fro the seco out | et | (7 hrough. t he second outfl gqw space
(1 e b e aRes e Rhntis 2a &&H?lh@,eﬂae Rih 0 hepTeChenp o

ransf grerapﬁ( éulvé%fnsﬁ(iz I GOSRARRE - calfl G111 At 2P RO ERAMEREER and
e second At ot ehanncly (8 by o Lacgs shamnel crass pectional carea and
flomﬁﬁhan %JS %%% a%%)decregggllts length without decreasing its heat
transfer area. 1In other words, the cross section of the flow
channel can be increased and the length thereof can be decreased
so that a pressure loss of the fluid in the flow channel can
be reduced.
15 The principle of setting the aspect ratio in the present
invention will be now described comparing the performances of
the conventional plate-type heat exchanger (conventional
example) having an aspect ratio of 4.7 and the plate-type heat
exchanger according to the present invention.
20 Figure 4 shows calculation results of the ratio of flow
rates, the ratio of heat transfer coefficients and the ratio
of necessary numbers of heat transfer plates of the inventive
heat exchanger with respect to the conventional example when
the inverse of the aspect ratio of the heat transfer plate is
25 used as a parameter and the pressure loss in the flow channel
is assumed to be equal with each other.

As is evident from Figure 4, as the aspect ratio is decreased

16



25 Accordingly, a pressure |loss of each refrigerant can be reduced vvithout
i ncreasi ng the nunber of heat transfer plates. Since the & gssure ﬁ 3
reduced in such a manner, a 22 26" August 2002 circul a Borfrugust 2 é force
required for circulating each refrigerant car. be decreased, which enhances
the efficiency of an apparatus in which the heat exchanger i s mount ed.
Further, since the pressure loss is snall, tenperature 5 change of each
refriger t he ow channel smal | . Thergfore decrease in

t [ A B), is

efficien n Itrﬂﬁeéfw@)’féﬁaaﬁ t&gn aﬁé)e)sq.]:pérra?e%isoedls AP PR UindeP &t BBELPr om
th b I t h t b
mﬁn?eﬁvére G e, MBI Fromer o dike § fEAPaEE TEDP ng CerBre RORRPFal ns

I , d I heat h f thi
enbodi e L8 bel %ﬁﬁ%&atﬁégﬁhrﬂﬁng e dEe e e 1o ricerepeere. |

| ated b it h t that th

convent i ondi- pra: 6y BE okt B gda s Vbl W HA R ALF o F ADF bBF Ate
o medle By RGTg et Peger A e S A% e A B8 e 365 o agehethe
effects of gr s invention can be remarkably exerted Thus, the plate-type
heat excRaA (SL (1) of th| s enbodi nent can broaden 20 the range of air

diti in whi b b t | ate-type hea
cxchanger accdrl Y (3 ERSET READI2 CCoMpFMead A1 Lol ot Rt PFboLe s
50a) , (50Qb Oa 60b drift of the ret t
{n the 1 EB EARRRE %t)w( rd4Rd 1y, LRBE £ INERP TR RHRGRr aEEHBF ng 10

Enbodi nent ust 2002 has a structjon at the first heat
transfer aﬁltit’e%(‘lgl)ra&rtd’ e f&é’é’orﬁ?trf’e%tart‘fa’ﬂ%&? &ra b %t% "r"rr"t“Pré%

pIat tye t .ex er f odi nment lar Iaced with a first
heat 0 ARordE b5 B Y By i 3 Frr-ﬁolgt.rrel%eatrra EL ROmP Yeat e (F3nSPEF 5

pl ate (P ) sho |nF| ure nd £she tivel Si nc o] i pns ot her than the
heat trar sPeFr‘ém%?%% e(JFQQI)}: Ctreest er§§r?ewg§?‘t F\%gel%‘feﬁﬁﬁo%ﬁ‘ﬁ%ﬁa
descripti og wll be herer n made about the heat transfer plates (P3), (P4)
al one an8 gscription of the other portions will be omtted. 10 -Structure

f Heat T f Pl at , h of t

heat transter MISUEY pabt SRF CREUatoAd B 2EPRRLI EF ChPats TSR [ rst
i 2 d 22

8822: 28 1?easf%,%fgﬁndt£ﬁeﬁtg§?§?%g %gi’u b(e2r4é)f h%%t %f@l?)s %aFcﬂEﬁg@an a

Ci rc I-,ar hap formed, l|ike Enbodi or ners,

) # UREY @8%&?56&@@%6%% Shefieftn e aﬁﬁep rul?rsaﬁﬁar and
th | ht t Al d th 1b
th?oug\rlt\e%lel% (%OI ?gr% regggcl vgggpﬁgﬁgr seatgt ggr " S ?%ﬂ%%ﬁ‘gﬁt

(15a) , %5) rising toward .the f ont i de or C
suppr essi etIl:rfrlelse ’(%63?5 (1:5'50]6‘5lE 50‘%“?%68)“% élcﬁh? r]r&vt?dfisr?geﬁcﬁFﬁFal ity
ribs (5D Lhrouan (55), ot ned 0. Uhe el My QN8 ok, dga) - (120)
through a), né) are P ovr %(d. c 5 *-
In view of such tendencies, in the present invention, the
20 inverse of the aspect ratio is set at 0.5 or more at which the
ratio of flow rates and the necessary number of heat transfer
platesarenot substantiallychanged. Inotherwords, theaspect
ratio is set at 2 or less.
On the contrary, if the aspect ratio is decreased, the
25 width of the flow channel is increased thereby easily causing

adrift of the fluid. Therefore, in order to effectively reduce

a pressure loss of the fluid while suppressing a drift thereof,

17



25 In the mdportion of each heat transfer plate (P3) , (P4) in a

| ongitudinal direction (in a direction Y of the figure), prJ mar t
transfer enhancement surface (20a), (20b) 24 26°" Augusf® 6ﬁ@UF%E$§%ing a
plurality of wave-shaped ridges is formed. At both |ongitudi nal ends of the
heat transfer plate, auxiliary heat transfer enhancenment surfaces (30a),
(30b) are forned. The auxiliary heat transfer enhancenent surface (30a),
(30b) is.5 formed between.t.he pri heat transfer. enhancenment surface
(208), (200} S BT ' RE oo S0t Eby Bhe gt S RoL L8y Lhas B of
the stru turg of tgg s%gl, t he heat transfer enhancement surface and the
drift sugpﬁg sPH& i I Rﬂﬁq e described below. 10 -Structure of Seal As

Surr ound ng ¢ KR AHC OBk M 2 Ie AT Tie SO (£38) (LbPr DRRAFAG € he
d [ 2 ise f h t side t d the back side . _On th
ontrary CREnaYEERT FS(Fha)® Sl Y bunbRgTEREOL AT BGRATAY (SSWCEROhe

Conardl  HE3Er BRANGRAG PbT HARe 10t Her Hrarth Sls TSP GOF S ECST Rt Re
seoon DeRbebr NSl e PLALR Ly LIBGRET 8120 G LR,
(150) roSReRerTary G Aurtihg 4 RESP R P BpeR A ooty it THe Tooreh
opening (24h) ris Ero ghe Lront si de gomard t he back_side, Wen the first
heat {rafiSraP BEated( PERCaRat LRe Sobenet REaY BPARSFor Opi APt 28 LRAFoE o
| oLned Vegeiier 2oL ! kel BOULLoT s 250000 LS, g prevented 1 om
the ibrsgeg%%%dFE$Qaf§£t 20%. By setting the aspect ratio at 2 or less
as described above, the present invention can reduce the
necessary number of heat transfer plates by 15% or more as
compared with the prior art.
-Details of Structure of Heat Transfer Plate (Pl), (P2)-
15 As shown in Figures 2 and 3, in each of the first heat
transfer plate (Pl) and the second heat transfer plate (P2},
the first opening (21a), (21b), the second opening (22a), (22b),
the third opening (23a), (23b) and the fourth opening (24a),
(24b) eachhavingacircular shape are formed at the four corners,
20 i.e., the lower left corner, the upper right corner, the upper
left corner and the lower right corner, respectively.

Around the openings (21la), (21b) through (24a), (24b),
respective planar seals (12a), (12b) through (15a), (15b) are
formed to surround the openings (21la), (21b) through (24a),

25 (24b) and rise toward the front side or back side of the heat

transfer plate (P1l), (P2).

Specifically, as shown in Figure 2, in the first heat
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25 26t " August 2002 plate (P3) and the back face of the second heat
transfer plate (P4) so that the first fluid alone can flow_}hrough

first flow channel (A) . Likewise, the first fluid is pre?@ A FGhBS
flowng into the second fl ow channel (B) defined between the 5 back face of
the first heat transfer plate (P3) and the front face of the second heat
transfer plate (P4) so that the second fluid alone can fl ow through the

d fl PO T f
[ ko Enboaienear 2R (BT bR P 2R R e ERERE R PhaReGe)
20b) h - I [ i.ngl udi Ly .incl i
Sect on (F8 ard s aR dly TP Red Sar o Lo T OB B Rk (2280

the auxi Lialy ched AL ¥afer sennangspat, aUgtaces (302) of dihechigstheat

transfer p is forme onl'y an upwardl'y inclined secti

thih, ho1d 9463 PhdaYaLiAYoBasabeld e el d 2imed L, £l hand o

the figure " ransfer-en surface b) of

the Sgcon(q.fb ats&nrrabr{ffc?lr c?l tee t(opgreh ios fnoir ed é)t{a)onrliysea r(%)vnv{nI rd c
ct whi ¢h° t ot wa vt eg/ i ned w#war dly

i nclined 'section’in e ridges  a s are’inc

t owar d t@aééﬁgg%éﬁﬁgkﬁé %P?nEigEh . As a characteristic of this

enbodi nment’, e heat transtér enhancenent surface (20a), (20b) is
Substantial Iy O 16 BEREF Wi, 4 fhe PRERPURAEE e PP Do SRS o
Subst ant 1911 y° 24081 P Re. [RB ol TRt Lo B BT ST *FBRgE i e

S Puct ubF RS AT A c S B e YR R oD S pac P
Suppr Basinad 1B heo PeaETRERERSI Qo v I Dy i TR 1B se)
openi ng. (208 G ERE S| BB ild BRle PhEE O Bp AR Re 2 B S ana
ot hor har® Coak oY e T e i i 5 e CRBSLR bply T

ei ght riq§£&§1) through (58) rising fromthe front side toward the back
side are formed bel ow the third opening (23a) of the seal ( 14a) and above

the fourth Opeﬁhgg the first heat transfer plate (Pl) and the second
15 heat transfer plate (P2) are engaged and joined with each other
at the seals (12a), (12b) through (15a), (15b), the second fluid
is prevented from flowing into the first flow channel (A) and
the first fluid is prevented from flowing into the second flow
channel (B). 1In addition, the first inflow space (8) and the
20 first outflow space (9) are communicated with the first flow
channel (A), and the second inflow space (10} and the second
outflow space (11) are communicated with the second flow channel
(B). As a result, the first fluid can flow through the first
flow channel (A) and the second fluid can flow through the second

25 flow channel (B).
The remaining portion of the heat transfer plate (P1l),

(P2) is formed into a heat transfer enhancement surface (20a),
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(24a) of the seal (15a), respectively. 15 Since the drift suppressing rib
sets (50a), (50b) are of symmetric configuration, only thg_gtructu f the
first drift suppressing rib set (50a) provided around thegﬁif§9U8b2§9%g
(21a) will be described herein. As shown in Figure 7, the first drift
suppressing rib set 20 (50a) is conposed of a first rib (51), a second rib
(52), athirdrib (53), a fourth rib (54), a fifthrib (55), a sixthrib

the | ort CSurr oaia) chel TIPSt openi G-t biay 4 18R SBbV Sfle. DFGPAITEY of
s (SLneeugl (53, e oiganeed Zhegubstanty skl FRdpLL B gend e
S S S RO O
1152 0 LS T T S B Bl
betuegn Soh LA YIeal: SLepiian stadiall y.s narggeenlp Lhe
1) LA AT 1 AR, LR LBl
dependi nd LIGA T et 4nEBE P RbEEhETF PEabEctLo8)odaeBint TAR Bt
(200) - FIEDeaist) Ehe T T { BB G arind b GRCA THAASrSas pavided at
Iocationﬂggg}fqugépp1the first opening
10 The heat transfer enhancement surface (20a), (20b), (30a),
(30b) is a portion for enhancing heat exchange by giving
disturbance to the flow of each fluid. The heat transfer
enhancement surface (20a), (20b), (30a), (30b) is formed in
suchawave shape that ridgesandvalleysarealternatelyrepeated
15 in the longitudinal direction of the heat transfer plate (P1),
(P2) . Theheat transfer enhancement surface (20a), (20b), (30a),
(30b) has a so-called herringbone form including an upwardly
inclined section (26) and a downwardly inclined section (27)
in which the extending direction of the ridges and valleys is
20 inclined upwardly and downwardly toward the right hand of the
figure, respectively.
The primary heat transfer enhancement surface (20a), (20b)
is formed in the longitudinal midportion of the heat transfer
plate (Pl), (P2) to enhance heat exchange by giving disturbance
25 tothe flowof each fluid vertically flowing on the heat transfer
plate (P1), (P2). Ontheotherhand, theauxiliaryheat transfer

enhancement surface ({30a), (30b) enhances heat exchange by

20



15 (21a) and the heat transfer enhancenent surface (20a) are f or med Ionger,
while the fourth rib (54 ) provided at a | ocation cl oser mthen1tgoé2r
shorter. Specifically, the length of the rib is gradually eé% & t he
order fromthe first rib (51) to the fourth rib (54) and gradual ly
increased in the order 20 fromthe fourth rib (54) to the eighth rib (58).
The width of the rib (51) through (58) is gradually increased in the order

from the fiiy;st a%ptpéﬂagntcg E(ﬁ?h@%ﬁfd iR el %)%gaegggr%gf%%%yu{ﬂeeﬁ heaged 1N

the order fro ourth rib(54) to the el Accor |ng t he

fourth 1219 |6t E0 281 ey betagend T WS i (BRLbes,
bOt h end%nf'}llaa;b eﬁ{r@lgLﬁsfaé’g d(t% )I nd&td}ﬁt oviortﬁ% f&ﬂ%dwl:gflt}e?f lhl&efEbR 28

August |s Iarge at t close to an rmagin

connectl ﬁ%;hrha{é a(nzs]fa% "%ﬁl@aﬁQSméﬁ O@ﬂ eg%(é]% ?z,é?agﬂ)et ween

smal | at e e d ron1 e 1 mgi nary |ne

{SiPﬁzt:Xc%a%?coizﬁ hf<¥‘%§w c%;$§c IR A ﬁas?f%fé} 'TL;teg.‘"sa{Ly
say, the pl ura};ﬁﬁ%nggésygéa@%} gqgff%% (aﬁf%eféﬁ agrﬁan@ﬁg é‘% Lryegul

intervals so t e retrigeran I"ow n erInto rn two ase c0n|t|0n

o SR %pgderflfga%\eegg@%ﬂe 154 8e d9nenPageERL s face

(20a) y, at a locatio refrigerant 1S eas

therei gtlga T egﬂé(léﬂs‘s beSttn%pez“l %ﬁh %Cﬂheéf g? 'E‘h%pcﬂ £ b&%ﬁ@eEhe

ribs ( t he |nter between t iI'S sna e ot her

lthﬁQdf. o Open.eﬁ‘éﬁzeﬁ”%ﬁf% 25 256% e S, okl SBREsteLg e 35
i P 49ucE #h?r@e?rféﬁf.ﬂ%i{@fz oot i et 18 That pPaadt AR ERD) °

Prnanceneie MRS 202) i3k d 18CLAGRL 1985 YOCESA0S (MDA nag dhard L

fl ow, and con urrent press ‘an’'excessive flTow of refrigéerant at

the |ocatjf tmeagwmsraﬁwrgﬁifﬂgd'aﬁ@fefntm'%f E&g,g?gbynyﬂ%q&?gwg a

drift. Furt érnore, a va twee € Seventh ht h

b (58) i f or agd. gL éé{}ﬂ@fgesgs SBREVah, £1968 L Lhel XL ARIAM L areast

likely to f ow. 25 T uppressing ri ets (5
d h f P t
second heat, 14 ANSTEr, fl als, || @h@%{@g&?&i’&%go ci%ﬁéﬁgsgkj'&?%%%c&% ORBOS' €

to the drlft supp essing rib sets ugust

200215i r tnr @Héfleéftp'h%tlef (B3N AR RFLRE L § UM &3 A& e (3BTE-

- Heat Exc ange era I on
is formed in the right half.

When the first heat transfer plate (Pl) is joined to the
second heat transfer plate (P2), the ridges of one heat transfer
plate engages the valleys of the other, so that a zigzag flow

20 channel (A), (B) is formed between the adjacent heat transfer
plates (Pl), (P2).
-Heat Exchange Operation-

Next, description will be made about a heat exchange

operation between the first and second fluids in the plate-type
25 heat exchanger (1). Here, fluorocarbon refrigerant involving
a phase change during heat exchange, such as R407C, is used

as the first and second fluids.
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As shown in solid arrows in Figure 1 |like Enbodinment 1, 5 a first
refrigerant in | owtenperature gas-liquid tw-phase conditipen flo Lnto
each of the first flow channels (A A ...) fromthe firs%éiQVEWs%?%%£(4)
through the first inflow space (8 . At the tinme, the first refrigerant is
uniformy introduced to the heat transfer enhancenent surface (20a), (20b)
by the 10 drift suppressing rib set (50a), (50b). On the other hand, a
second refrigerantin hi.gh-tenperatu ondi tionfl ows into.the second
g 1o E T BLOE BRI i e e T RF bURTERS

fl ow channel s e secon

ni T oducad GHKT BERRy T 11 Hotn 1Takd e e SR e RRBAR Er ROFH RS 056 °
How ng’ EGLGR Che TREL TPV ARERRED ()7 @ o LERRIRGAG LAY ROLRE.
Cranst er 35 At aepspt! Pha) LRl T BEARR, b7/ TOR IR giple hihy® "o
o1 11 Bor an® RVRSFALEd F s ‘oA Or T SUE Ot FPomeoRe FEPe: EatPer

n

i 5) .t h the fi fl . On.the other hand. th
Cetand 1 deGERdnt CBRUCRERE T d D5 dBhai 11 BT 1k GGt Pl R ERe

d out.let pi 7). through_th tf] 11). -Effects of
Embod moftES o0 B OuSGENT S609nRT TR ke FRACT St of the heat L1 anst er

plate (P3) , (R4) i.s _decreased hi use .fears. of .deterjoratiaon in
heat exchange @é‘%fg?ﬁg%cereﬁrélq%é%ngr?ﬁt%wg 9 e?l}{%%?%ntthien flhléS%I t(]g\/lvOw

h I . di h i he drif . i
chamnels bl 1) IR0 MERL oo BOUPYRLy SEREC SIS 11 L smagecei v,
Lne ol bbb €30 SH 1L chethlo supmconRly TetelgLzent e

aspect r creas gy, Jer ant

be f . i cul arl fri | owi hai -li,quid
can be TS TpQHe e PRLL SV ALy el B0 AL L e 0
oL 11 eSS SR L ORBVLL Gt Yesh 5000 ndol A PIages - oo

'S odiment, ver, ectivel
suppr essetl: INSISfoNeec L LIag- Lov 00 Lp.Saschiayd 15clwocpheseon
B s I
B Al L s AN P
at the Iggaré%otﬁloﬁﬁtg%%%i% l(:a Fﬁgﬁeﬁ Isg g%ct ned r?‘g\:els%a‘% é‘vlslgﬁalr?? va:e;Fltrla ihl e the

fl ow pat@%é‘%eé%ﬁ?f$&%9l§& Eggckogaakons closer to the ends are broader
e Tlow

Thi s suppresses an éxcessi f the fluid at the internediate

IocationJﬁg&égﬁgﬂiﬁsfﬁfstgﬁ?%hgﬁ%gk_the fluid at the | ocations closer to

t he ends. cordin a dri he fluid can securely 31 26t " August

2002 be suppregsed:abhguLe Snis o3 UARY SN0 A CRIRALLSQY Of seyangl ation

heat transfer COéftIcién ve to S ow raté of refrigeran

E 26; 6”?%8{%?&%%%%? ,V ;‘sﬂlg'gcf‘ %ﬂeé% ta@% edc{ t! fJz‘ta tS.L o YRS ln%% tf Itlg‘ a?l%tfs‘ex( EQ%)t’e
(P1), (P2) is small, each of the first flow channel (&) and
the second flow channel (B) has a large channel cross-sectional
area and a short channel length. Therefore, a pressure loss
of each refrigerant in the flow channels (A), (B) is small.

25 Accordingly, a pressure loss of each refrigerant can be reduced

without increasing the number of heat transfer plates.

Since the pressure loss is reduced in such a manner, a
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pl ate-type heat exchanger provided with no drift suppressing rib set. As
can be seen fromFigure 9, according to this enbodi nent pgqyided w t he
drift suppressing rib sets (50a) , (50b), (60a), (60b), thgtéV5B8¥g§$%n
heat transfer coefficient 10 is increased by about 10 o as conpared wth
the plate-type heat exchanger provided with no drift suppressing rib set.
O her Enbodi nents The foregoi ng enbodi nents use a manner in which the first

15 and f.ui f t di f t f | at
(Pl??_(; fyéﬁiéﬁﬂ§ﬁ§04f¥ﬁ£§ﬁgﬁﬁ§?%i{ﬁ%ﬁ%ﬁ]%ﬁcﬁ%>Fu?g%%ﬁ£§§ﬁﬁgaéggﬁ,eis
not n|ntég%§f§%£§h@bgg§h§3?ﬁge o5 48X U %ﬁgﬁﬁ%@@ t eFég?E%ﬁgpe&h

e
first opening and rd openi'ng bée Uséd as an st and

outlet of the fj] upLd, 20, respecti vel t econ ni,ng (22) and
t he fourtqné oagnen%“grééfgzg‘)‘é rr%& Hreﬁggleg%éas%éar?ﬁ nﬁ%g%%nﬁe%ufgegogg%ﬁé second
fluid, respect] ...Th .S S the inlet_an t of h. tluid may
be formed to b%xgg¥%Fre?E&FFhE§§c oﬁ%ﬁ?eixoéic ga?%%%gérgﬁggggﬁFLféd, a
pl at ext ype heat exchanger can be_constrycted. 25 by Si phin .

D1 U P! 3 S e (vanar 67 T BRAEEETSr Loha TS et T RTATEeF nafer v 1l g

t hem upsi de do As result, only .a singl e t of .press. die is required
to form Hea 1 '\er;rr?s X“eerf?l a Jfbdr'e 4uég;ulsrf efgt%flp‘?%%gsoégreatechgxﬁganggxgﬁlglnger
by pressg%n$$ egpéi make it possible to reduce the production cost of

t he heat "exc ger . "The first and second fluids are not linmted to R407C

and my be other LelnlIGLALs o BUANSL . ha el ndoseand Llds S my

be made of a f i nvolvin ase change duri'ng exXch

Chrongn (b APk, ool §° FREogiiant, Yo 2 ARgbokpdcsiBh, Bl steec

t hr ough S any value o or Téss. 10
| ndughyri al plicabjlit d L . he e i nvention _is

user a2 R TR b PReOT LR REEHER s e n SR BNy Y B erRhingS
systens, chilli systens, or the |.ike 3 26t." August 2002 CL 1. A

ol at ot ygP Hent CTRhORT T ST AT ke o HAIRIIER) Cor o L2ddhe

Lransi o BEARAChTH BHT Bs BANCCPRe PG Hha TAROHN YIS EHndBET A B)
ongi tudi T 5T Fore S Hone aat o0y Andver o aratt B P EE B 4 puushy (e
L anst or IRCGR(p1° P2 PSRRI, I T PP Tl BEp el PRckRE Thee
(PL 182! fFh £ 0P 2 M 0G4 b A £) 10100 S
conditioning system in which heat transfer is made by using
refrigerant as a medium in the intermediate stage, the effects
of this invention can be remarkably exerted. Thus, the
plate-type heat exchanger (1) of this embodiment can broaden

20 the range of air conditioners in which it can be mounted.

Embodiment 2
A plate-type heat exchanger according to Embodiment 2
comprises drift suppressing rib sets (50a), (50b), (60a), (60b)
25 for suppressing a drift of the refrigerant in the flow channel
(A), (B).

The plate-type heat exchanger according to Embodiment 2
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to or smaller than two tinmes a lateral length (W thereof. 15 2. The

pl ate-type heat exchanger of Caiml, wherein each of the Eggﬁjhrg @é;r
plates (Pl1, P2; P3, P4) is fornmed so that the Iongitudina? R ?
thereof is not smaller than the lateral length (W thereof and not |arger
than two tines the lateral length (W. 20 3. The plate-type heat exchanger
of Clain11 or 2, wherein around an inlet (2la, 21b, 23a, 23b) of the at

2 0 S OO Bl T 0 1 DR L
el v gy hsee“4o;qaet%faza (55 5) LT B8 L (o 1o ety i
or 2. ndtat (e (e (atio o e 1€ SHeFerfontRaBE b peeh 1L
heat f?iﬁ?r%éw%f apégsrér?ﬁ‘%g Wﬂ%%ﬁ FLAGZPNG i 81 (Do nadlh ChRBoRE.
cat or S coPHRE EhhOSPHE bR BHoRd fo¥efﬂscﬁég€3>f3 anerePegi o p othar b
i th: SodPET £25 PRRbUGR 1B5E. BLOFREa  £8) SUTPALMFS IS MRS CAIRROSFD,
238, 23b)f§§mbog?m%%klft ééggglp 1bn\Nall%ﬁb%eggl%aﬁgdgfabout the heat
transfer plates (P3), (P4) alone and description of the other
portions will be omitted.

10 -Structure of Heat Transfer Plate-

As shown in Figures 5 and 6, in each of the first heat
transfer plate (P3) and the second heat transfer plate (P4),
the first opening (21a), (21b), the second opening (22a), (22b),
the third opening (23a), (23b) and the fourth opening (24a),

15 (24b) each having a circular shape are formed, like Embodiment
1, at the four corners, i.e., the lower left corner, the upper
right corner, the upper left corner and the lower right corner,
respectively.

Around the openings (21a), (21b) through (24a), (24b),

20 respectiveplanar seals (12a), (12b) through (15a), (15b) rising
toward the front side or back side and drift suppressing rib
sets (50a), (50b), (60a), (60b) each including a plurality of
ribs (51) through (58) formed in the vicinity of the seals (12a}),
(12b) through (15a), (15b} are provided.

25 In the midportion of each heat transfer plate (P3), (P4)

in a longitudinal direction (in a direction Y of the figure),

a primary heat transfer enhancement surface (20a), (20b)
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the flow channels (A, B) and rise on the front side or back side of the
heat transfer plate (P1, P2; P3, P4) , for preventing 15 Eg first

second fluids fromflowing into the second fl ow channel (g ﬁﬁ@”fhggﬁgrst
fl ow channel (A), respectively, by engagi ng one of the adjacent heat
transfer plates (P1, P2; P3, P4 ) ; a primary heat transfer enhancenent
surface (20a, 20b) , 20 fornmed in a longitudinal mdportion of the heat

ranst ot sBLaLAs (Rl e e P oL 0L -eRAG] Poabeats xehange by alying

di sturbance to W urd-ve ['owi Nng on 't he
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P4), anddggggi@%élg%fgwq transfer plates (P1, P2; P3, P4 ) is provided

10 -Structure of Seal-
As shown in Figure 5, 1in the first heat transfer plate
(P3), the seal (12a) surrounding the first opening (21la) and
the seal (13a) surrounding the second opening (22a) rise from
the front side toward the back side. On the contrary, the seal
15 (14a) surrounding the third opening (23a) and the seal (15a)
surrounding the fourth opening (24a) rise from the back side
toward the front side. On the other hand, as shown in Figure
6, in the second heat transfer plate (P4), the seals (12b},
(13b) respectively surrounding the first opening (21b) and the
20 second opening (22b) rise from the back side toward the front
side. On the contrary, the seals (14b), (15b) respectively
surrounding the third opening (23b) and the fourth opening (24b)
rise from the front side toward the back side. When the first
heat transfer plate (P3}) and the second heat transfer plate
25 (P4) are joined together at the raised portions, the second
fluid is prevented from flowing into the first flow channel

{A) defined between the front face of the first heat transfer

25



15 with: seals (12a through 15b) , formed to surround the inI et (21a, 21b,
23a, 23b) and the outlet (22a, 22b, 24a, 24b) of each of flom/§8 Enels
(A, B) and rise on the front side or back side of the hea § ate
(P1, P2; P3, P4) , for preventing 20 the first and second fI uids from
flowing into the second flow channel (B) and the first flow channel (A),
respectively, by engaging one of the adjacent heat transfer pl ates (P1, P2;

P3, P4 t ha t 20a, 20b) ., .25
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{or rod_ bbb AT PRE oA ('133 e Glign RS -6FEL1E: HAat: PEATEFGreDISPE (P
P2; P3, P d th f . 20a, 20b
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di f h 3b) h hea
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;?)r_mad ar undech of trkllei Ie%ﬁ% 1b, 23ad§éﬁgw foIr1 tro u0|_ngthe
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respectlveé%uceﬁfgnggegegk %%ghg er é%hancement surface-

Like Embodiment 1, the primary heat transfer enhancement

10 surface (20a), (20b) has a so-called herringbone form including
an upwardly inclined section (26) and a downwardly inclined
section (27).

On the other hand, the auxiliary heat transfer enhancement

surface (30a) of the first heat transfer plate (P3) is formed
15 of only an upwardly inclined section in which the ridges and

valleys are inclinedupwardly towardtheright handof the figure.

And, the auxiliary heat transfer enhancement surface (30b) of

the second heat transfer plate (P4) is formedofonlya downwardly

inclined section in which the ridges and valleys are inclined
20 downwardly toward the right hand of the figure.

As a characteristic of this embodiment, the primary heat
transfer enhancement surface (20a), (20b) is formed so that
the ratio between the longitudinal and lateral lengths is
substantially 1. In other words, the primary heat transfer

25 enhancement surface (20a), (20b) is formed so that the

longitudinal length is substantiallyequal to the lateral length.

Accordingly, the longitudinal length is smaller than two times

26



6. The plate-type heat exchanger of Claim3, wherein the plurality of ribs
(51 through 58) are arranged at irregular intervals so that,,an ir}tgéqfl
between the ribs (53 through 56) internediate the ends of U9HE Setci s
narrower 20 than that between the ribs (51, 52, 57, 58) closer to the ends
of the rib set. 7. The plate-type heat exchanger of Claim1l, wherein at

| east one of the first fluid flow ng through 25 the first flow channel (A)
and the (o] flui,d . flow,ng through the second flow channel (B) is a fluid
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! Oq&&f& mé%ecenteroftheflrstopenlng(21a) Theribs (51) through
10 (58) are different in length from one another depending upon
the distances between their respective locations and both the
first opening (2la) and the primary heat transfer enhancement
surface (20a). For example, the first rib (51) and the eighth
rib (58) provided at locations farther from the first opening
15 (21a) and the heat transfer enhancement surface (20a) are formed
longer, while the fourth rib (54) provided at a location closer
to them is formed shorter. Specifically, the length of the rib
is gradually decreased in the order from the first rib (51)
to the fourth rib (54) and gradually increased in the order
20 from the fourth rib (54) to the eighth rib (58).
Thewidthof therib (51) through (58) isgradually increased
in the order from the first rib (51) to the fourth rib (54)
and gradually decreased in the order from the fourth rib(54)
to theeighthrib (58). Accordingly, the fourthrib (54) located
25 midway between the ribs (51) and (58) has a largest width, and
the first rib (51) and the eighth rib (58) located at both ends

have a smallest width. In other words, the width of the rib
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the refrigerant is easy to flow thereinto from the first opening
(21a) such as the midpoint between the ribs (51) and (58), the
interval between the ribs is small. On the other hand, at
locations where the refrigerant is hard to flow thereinto from
15 the first opening (21a) such as both ends, the interval between
the ribs is large. With this arrangement, the plurality of ribs
(51) through (58) can introduce a larger amount of refrigerant
to the primary heat transfer enhancement surface (20a) at the
locationswhere therefrigerant ishardto flow, and concurrently
20 can suppress an excessive flow of refrigerant at the location
where the refrigerant is easy to flow, thereby suppressing a
drift. Furthermore, a valley between the seventh rib (57) and
the eighth rib (58) is formed at the largest interval since
the refrigerant is least likely to flow.
25 The drift suppressing rib sets (50b), (60b) of the second
heat transfer plate (P4) have respective rising directions

opposite to the drift suppressing rib sets (50a), (60a) of the
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(8). At the time, the first refrigerant isuniformly introduced
to the heat transfer enhancement surface (20a), (20b) by the

10 drift suppressing rib set (50a), (50b). On the other hand, a
second refrigerant inhigh-temperature gas condition flows into
the second flow channels (B, B, ..) from the second inlet pipe
{6) through the secondinflowspace (10). At the time, the second
refrigerant is also introduced uniformly to the heat transfer

15 enhancement surface (20a), (20b) by the drift suppressing rib
set (60a), (60b).

The first refrigerant flowing through the first flow
channel (A) is heat-exchanged with the second refrigerant
flowing through the second flow channel (B) via the heat transfer

20 plate (P3), (P4). As a result, the first refrigerant is
evaporated and the second refrigerant is condensed. Then, the
first refrigerant evaporated in gas condition flows out from
the first outlet pipe (5) through the first outflow space (9).
On the other hand, the second refrigerant condensed in liquid

25 condition flows out from the second outlet pipe (7) through
the second outflow space (11).

~-Effects of Embodiment 2-
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a drift of refrigerant in the flow channel (A), (B) can be
sufficiently suppressed. Therefore, the aspect ratio can be
decreased. Accordingly, a pressure loss of refrigerant can be
further reduced.

10 Particularly, refrigerant flowing ingas-liquid two-phase
condition easily causes a drift in the flow channel due to
difference inspecificgravitybetweenitsgasandliquidphases.
According to this embodiment, however, adrift canbe effectively
suppressed. Therefore, the fluid flowing in gas-liquid

15 two-phase condition can be well heat-exchanged.

Furthermore, since the plurality of ribs (51) through (58)
constituting the drift suppressing rib set (50a), (50b), (60a),
(60b) are arranged at such irregular intervals that the interval
between the ribs (53) through (56) intermediate the ends of

20 the rib set is narrower than that between the ribs (51), (52),
(87), (58) closer to the ends of the rib set. Therefore, the
flow path for the fluid at the location intermediate the ends
of the rib set is narrower, while the flow paths for the fluid
at the locations closer to the ends are broader. This suppresses

25 an excessive flow of the fluid at the intermediate location
and accelerates the flow of the fluid at the locations closer

to the ends. Accordingly, a drift of the fluid can securely
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rib set. As can be seen from Figure 9, according to this

embodiment provided with the drift suppressing rib sets (50a),

(50b), (60a), (60b), the evaporation heat transfer coefficient

10 is increased by about 10% as compared with the plate-type heat

exchanger provided with no drift suppressing rib set.

Other Embodiments
The foregoing embodiments use a manner in which the first
15 and second fluids flow along the diagonal of the heat transfer
plate (Pl1), (P2), (P3), (P4). The manner in which each fluid
flows, however, isnot limited to the abovemanner. For example,
as shown in Figure 8, the first opening (21) and the third opening
(23) may be used as an inlet and outlet of the first fluid,
20 respectively, and the second opening (22) and the fourth opening
(24) may be used as an inlet and outlet of the second fluid,
respectively. That is to say, the inlet andoutlet of each fluid
may be formed to be parallel with each other. 1If such a manner
is utilized, a plate-type heat exchanger can be constructed
25 by simply piling a plurality of heat transfer plates of one
type while alternately turning them upside down. As a result,

only a single type of press die is required to form heat transfer
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Oq&xﬁ()miﬁ‘%%%g%dg) %dg'{@hld involving no phase change during heat

exchange, for example, water or brine.
The aspect ratio of the heat transfer plate (Pl) through

(P4) is not limited to 1.5 and may be at any value of 2 or less.

10 Industrial Applicability
As described so far, the present invention is useful as
a heat exchanger for air conditioning systems, refrigerating

systems, chilling systems or the like.
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5 two of plural piled heat transfer plates (Pl1, P2; P3, P4), the
first and second flow channels (A, B) allow respective first
and second fluids to flow therethrough in a longitudinal
direction of the heat transfer plate (Pl1, P2; P3, P4) and the
first and second fluids are heat-exchanged with each other via
10 the heat transfer plates (Pl, P2; P3, P4),
wherein each of the heat transfer plates (Pl1, P2; P3, P4)
is formed so that a longitudinal length (L) thereof is equal

to or smaller than two times a lateral length (W) thereof.

15 2. The plate-type heat exchanger of Claim 1,
wherein each of the heat transfer plates (Pl, P2; P3, P4)
is formed so that the longitudinal length (L) thereof is not
smaller than the lateral length (W) thereof and not larger than
two times the lateral length (W).
20
3. The plate-type heat exchanger of Claim 1 or 2,
wherein around an inlet (21la, 21b, 23a, 23b) of the at
least one flow channel (A, B) formed in each of the heat transfer
plates (P1, P2, P3, P4), a drift suppressing rib set (50a, 50b,
25 60a, 60b) including a plurality of ribs (51 through 58) is formed
to introduce the fluid from the inlet (21a, 21b, 23a, 23b)

uniformly into the flow channel (A, B).

34



10%& ()- 10( 10( 10(,=10%& ()-' dEbC 10!'!1'y "10%& ()- s "10%& ()-"
109%8& () - 10%& ()-1s$10%<& ()- " "10%& ()-]\dELC 10'!1 @¥s 1ow«%®isu
"10%8& ()-sY "10%& ()-sf "10%& ()- " "10%& ()- Yt $10%&*P) NUPYY

10! 11s53"10%& ()-s&3! 10%& ()-s 1! 10%& ()- s,/ 310%& () - - 10%& () - sF%
"10%& () - ?BCDEVXNHC 10! 1! 10% & ()- 10< 10< 10<=10%& ()-s; F' 10%& ()-9
"10%8& ()-7$10%& ()-V ~zX9nbC 10! 3L$10% & ()-!\3L$10%( <( & () -

3f s$10% & ()-! D3f s$10%B($(& ()-! $10% (& ()-!$10% (& ()-zodY: 10!!!

10%& ()- 10( 10( 10(=10%& ()-!'f 9BI0%(F(& ()-'a 9BLOYA(A(& ()-'K

IS Qi LB AL RIS PRI oA 2.
LY 2 ) G A QM gt 01
10% & () - < 10< .10<=10%<& . () -blzX9. = 10(,=10% & ()-'la [$I0YA(A(& ()-!X
/$10%(8€é1?‘)h-e %éfo% éjjﬁw-! %ﬁ%ﬁ/a? (&'“i% _g@@ﬁ‘@,«g}&tg(ga?;_r_—gﬁ,g_ef%({ =1'S
YSL0%<Cel (Js1 % DEX o SLPERE hlarPP2E L p10¥E4 81 p2; b3, Ba)
and the inlet (23a, 23b) and the outlet (24a, 24b) of the second
flowchannel (B) areprovided inanother cater-cornered opposite
positions of the heat transfer plate (Pl1, P2; P3, P4), and
eachof theheat transferplates (P1, P2; P3, P4) isprovided

10 with:

seals (12a through 15b), formed to surround the inlet (21a,
21b, 23a, 23b) and the outlet (22a, 22b, 24a, 24b) of each of
the flow channels (A, B) and rise on the front side or back
side of the heat transfer plate (P1, P2; P3, P4), for preventing

15 the first and second fluids from flowing into the second flow
channel (B} and the first flow channel (A), respectively, by
engaging one of the adjacent heat transfer plates (Pl, P2; P3,
P4);

a primary heat transfer enhancement surface (20a, 20b),

20 formed in a longitudinal midportion of the heat transfer plate
(P1, P2; P3, P4), for enhancing heat exchange by giving
disturbance to the flow of each fluid vertically flowing on
the heat transfer plate (Pl, P2; P3, P4); and

anauxiliary heat transfer enhancement surface (30a, 30b),
25 formed between the seals (12a through 15b) of the heat transfer

plate (P1, P2; P3, P4) and the primary heat transfer enhancement

surface (20a, 20b), for enhancing heat exchange by giving

35



10( 10(ZxV7, = 10<, =10%& ()-! kF$10% <_<& ()-!\ F$10%P<P<& ()-!t F$10%<& () -
f F$1092Z& ()-!S y$10%U<G<& ()- OegHe 10<, =10" F"10%& ()-! . .

&$10% (& ()-'&LZ"10% (& ()-LZ"10% & ()-! 10% & ()- 10< 1048} AyioushHepo2
109%&' ()- 10( 10( 10(=10%& ()-!'N F$10% (. (& ()-

F$109& ()-! F"10% (& ()- UdEg\ =10<FFf 10%& ()-y3" 109%& ()-s$10%& ()- ! 10%& ()-
"109%&' ()-s109%& ()-.i dEg\=10<9' "10%&' ()- FIA0%& ()- F#10%& ()- F ! 109%& ()-S

e b e o e G
109&' ()-9! 109 ()-36$10%& ()-53"10%& () - EYNC10< 3"109%& () -#109%&' () -
3"109é?(ﬂ?}@wﬁigL§f@%§%§{%oy@%@§§e ) %%%ﬂkﬁattransferé%hancemeg{

" o/R' - o/R' - o/R' - /R' -1 o/R' - " o/R' - <
Y100 ). 00 (5 VI (V0 () A0 O, [0 () BENEOc,

"109&' - F98" 109&' - F, #$109&' -1 3"109R -1 3" 109 -C{dEYNC10<
,510%&'(%)thﬁ?;gﬁb%r%’gneai%%f@%@f((%’; ?Pgail@‘%? t 8usipgeg: é%q%‘kzom toward

10% {)- xnbClo<! 109% & ()-_ 10 10 10S=109%& ()-,:

& 1008 (FhEoGUtond (A 20Rr (F1By dERBRTOc

L$109% & ()-53" 10% & ()-S10% & ()-S310% & ()- @O% & () - F"10% & () - 9z: dEnbCL
o<l %

5. The plate-type heat exchanger of Claim 1 or 2,
wherein the inlet (21a, 21b) and the outlet (22a, 22b)
of the first flow channel (A) are provided in cater-cornered
10 opposite positions of the heat transfer plate (Pl, P2; P3, P4)
and the inlet (23a, 23b) and the outlet (24a, 24b) of the second
flowchannel (B) are provided in another cater-cornered opposite
positions of the heat transfer plate (Pl, P2; P3, P4}, and
eachof theheat transferplates (P1, P2; P3, P4) is provided
15  with:
seals {(l12a through 15b), formed to surround the inlet (21a,
21b, 23a, 23b) and the outlet (22a, 22b, 24a, 24b) of each of
the flow channels (A, B) and rise on the front side or back
side of the heat transfer plate (P1, P2; P3, P4), for preventing
20 the first and second fluids from flowing into the second flow
channel (B) and the first flow channel (A), respectively, by
engaging one of the adjacent heat transfer plates (Pl, P2; P3,
P4);
a primary heat transfer enhancement surface (20a, 20b),
25 formed in a longitudinal midportion of the heat transfer plate
(P, P2; P3, P4), for enhancing heat exchange by giving

disturbance to the flow of each fluid vertically flowing on
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" #$9g ( (2la, 21b, 23a,23b) towar the primaryheat transfer enhancement

surface (20a, 20b) or the flow of the fluid converging from
the primary heat transfer enhancement surface (20a, 20b) toward
10  the outlet (22a, 22b, 24a, 24b); and
a plurality of ribs (51 through 58), formed around each
of the inlets (21la, 21b, 23a, 23b), for introducing the fluid
flowing from each of the inlets (2la, 21b, 23a, 23b) uniformly
in respective predetermined directions.
15
6. The plate-type heat exchanger of Claim 3,
wherein the plurality of ribs (51 through 58) are arranged
at irreqgular intervals so that an interval between the ribs
(53 through 56) intermediate the ends of the rib set is narrower
20 than that between the ribs (51, 52, 57, 58) closer to the ends

of the rib set.

7. The plate-type heat exchanger of Claim 1,
wherein at least one of the first fluid flowing through
25 the first flow channel (A) and the second fluid flowing through
the second flowchannel (B) isa fluid forproviding heat exchange

involving a phase change.
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