DESCRI RTI ON PLATE- TYPE HEAT EXCHANGER 5
Techrni cal Field This invention relates to a plate-type heat
exchanger, and particularty relates to neasures for reducing a
pressure | oss of a fluid. 10 Background Art Vari ous ki nds
of heat exchangers have conventionally been used in air conditioning
systens, refrigerating systens, chilling systens and the |ike. Qut of
t hese heat exchangers, f or exaﬁﬁ§€318T58§te-type heat exchanger is
known as a conpact 15 heat exchanger having a |arge coefficient of overal
heat transm ssion as disclosed in "Shin-ban, Dai 4-han, Reito Kucho
Bi nran (Ohyo-hen)" pp. 82, edited bg Jagan Soci ety of Refrigerating
and Air Conditioning Engi neePBATE-TYPE HEARSEXGHRMIGER Fi gure 10, the
pl ate-type heat exchanger is 20 constructed so that a plurality of heat
transfer plates (p), (p), ... are piled one after another between two
franes=ﬂ£l), f2).
° Technical Field

This invention relates to a plate-type heat exchanger,

and particularly relates to measures for reducing a pressure

loss of a fluid.

10 Background Art

Various kinds of heat exchangers have conventionally been
used in air conditioning systems, refrigerating systems,
chilling systems and the like. Out of these heat exchangers,
for example, a plate-type heat exchanger is known as a compact
15  heat exchanger having a large coefficient of overall heat
transmission as disclosed in “Shin-ban, Dai 4-han, Reito Kucho
" Binran (Ohyo-hen)” pp. 82, edited by Japan Society of

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),

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



Each of the heat transfer plates (p) is formed of a planar met al
pl ate. The periphery of the heat transfer plate (p) 25 engages the
per'i pheries of the adjacent heat transfer plates (p) and the
engagenent portions are joined together by brazing. Thi s provi des an
integral structure of the plurality of heat transfer plates
(p) Afirst flow channel (al) and a second fl ow channel (bl) are
al t er nat el ytfansker imlaepet) ve Spfdaes flow shraneed tiad ladingk entsesead
transfer plates (p). Four corners of each heat transfer plate (p)
are provi defllow chartdek ddddceireeabpennagelyaforyed, iq desnadt 16T HiPd§ En
I nl et or outlet of the first flow channel (al) or an inlet or outlet
of the secdretwéeny Chanadfacébt)heatByrpnededi pgaseal SP)(-e)
surroundi ng the respective openings (a), (b), (c), (d), a first ~_inflow
space (a2) and aFburstooméfs @f spabeh¢aB)tmmtfen @lagemibhi ake PF§VAded t he
first flow channel (al) alone and a second I nfl ow space (b2) and a
second dut fwbih spasee¢bBye eapénings tmmuthcat igigw i theermsigwomd findwt
channel (bl) alone are forned. The first fluid flows through the flow
channel (aldrasutshowwof the Fnrsol fhowrclamneh Eilguee an, inhet swcondldtui d
flows through 15 the flow channel (bl) as shown in broken arrows in
Fi gure 10, of thandsddmndi f3owamthageednd($1 i dsByeatraxichiargeseatsh (@ch
ot her

surrounding the respective openings (a), (b), (e}, (d), a first

inflow space (a2) and a first outflow space (a3) each
10 communicatingwiththe first flow channel (al) alone and a second
inflow space (b2) and a second outflow space (b3) each
communicatingwith the second flowchannel (bl) aloneare 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
considerably greater 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



via the heat transfer plates (p). -Problenms that the Invention is to
sol ve- The conventional plate-type heat exchanges have used 20
so-cal l ed longitudinally el ongated heat transfer plates (p), i.e.
heat transfer plates (p) having their |ongitudinal |ength considerably
greater than their lateral length. In other words, conventionally,
heat transfer plates (p) having a large ratio of the Iongltudlnal
length to thendtiteral Thergfinre, e.sueh| aggevenbiagpbct PLaFFoLYREve MB8EN
used. However, the flow channel (al), (bl) forned by the heat
transfer plexesangdrofhdee geaespbotangs Ry aamice |lasgeciodnidie fluid in
2 | engt h. Therefore, such conventional plate-type heat
exchangers mmwefb@MSQMamaﬁge(plbss&bé)Iosses of the fluid in the fl ow
channel (al), (bl). Particularly in the case of using a fluid
such as 5 fluorBeatbonleelyi ger athei nvasei o auphage achﬁhgéddmli% Aéat
exchange, a pressure loss in the flow channel becones |arger
conpar e wifhu¢hecaasen ofe Usigrrant limv Isticty asphaserciiange dunﬂng'ﬁ@wé
phase. The reason for this is that a two-phase fl ow

exchange, a pressure loss in the flow channel becomes larger

as compared with the case of using a fluid such as water in
a single phase. The reason for this is that a two-phase flow
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 invites a problem of decreasing a heat exchanger
effectiveness.
Dependingupon the type of apparatus inwhichtheplate-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. In 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 1loss. Such a method, however, necessities a large number of
heat transfer plates, which invites rise in cost of the air

conditioner.



has a | arger pressure |loss per unit flowrate 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 tenperature Wi th decrease
inits pressure. Therefore, if the pressure loss 15 of the refrigerant is
| arge, tenperature profile in the heat exchanger becones |arge in a
f1ow ng directi obhefprerertt dinvention hiissbesni nedealproemibftigedbelsing a
heat exchanger effectiveness. . Dependi ng upon the type of
appar at us g ldms hadptlaeee fgpe hap0i hearb seharger oY sd i B42 L porYPe
exanpl e, the type of air condi tioner, a severe constraint may be
pl aced on presstswxeHaygrer having shemaléwchannsk. Logsseep £ ladsk at low
conventional ly, the nunber of heat transfer plates is increased to
decrease thmdtow rate of refrigerant per flow channel thereby
decreasing a pressure 25 loss. Such a nethod, however, necessities a |large
nunber “8f heat transfer plates, which invites rise in cost of the air
condi tioner. 3 The
present i nueEdclrsinas dfelnvemteiom vi ew of the above
-Sumnary of the Invention-
To attain the above object, in the present invention, the
aspect ratio of the heat transfer plate is decreased so that
10 the channel length is decreased without decreasing its heat
transfer area.
-Means of Solving the Problems-
More specifically, a plate-type heat exchanger according
to the present invention in which a first flow channel (A) or
15 a second flow channel (B) is formed between adjacent two of
plural piled heat transfer plates (Pl, P2; P3, P4), the first
and second flow channels (A, B} allowrespective first and second
fluids to flow therethrough in a longitudinal direction of the
heat transfer plate (P1, P2; P3, P4) and the first and second
20 fluids are heat-exchanged with each other via the heat transfer
plates {(P1, P2; P3, P4), is characterized in that each of the
heat transfer plates (Pi, 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 (P1, P2; P3, P4) may be
formed so that the longitudinal length (L) thereof is not smaller

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



probl egs and therefore has its object of providing a plate-type heat
exchanger having a small pressure loss of a fluid at | ow cost.

Di scl osure of Invention -Sunmary of the Invention- To attain
t he above object, in the present invention, the aspect ratio of the
heat transfer plate is decreased so that 10 the channel length is
decreased w thout decreasing its heat transfer area. - Means of
Sol vi ng t hetiMeob|dne-lateral lengbhe(®¥pecifically, a plate-type heat
exchanger according to the present invention in which a first flow
channel (A) or ABoundsarortldl o\Richai?idl, @Br,i 83boratdtbetatedreasd] apent
two of plural piled heat transfer plates (P11, P2; P3, P4), the first
andsecond fflwedraraiesl (A, B) Bdimed dspeecihveffistheaidsecawder platksi ds
to flow therethrough in a |ongitudinal direction of the heat transfer
plate (P1, &%, B2, P8, &84d,t hedfifbtsuppresssind r29 sdt uiSds a5b, 60a,
heat - exchanged with each other via the heat transfer pl ates (P1, P2;
P3, P4)d i sWhadactiedizgdaipl udedti taacli ofbs HE1 throheat5&)r magfer fplrakds
(P1, P2; P3, P4) is forned so that a | ongi tudi nal length (L) thereof
is equal tcoristebdecet hha fluidt ioom rmése aidlatter 21a engib, (2pat h@Bbof .
25 Each of the heat transfer plates (P11, P2; P3, P4) may be

formed so turatfatrel ¥y oimic¢ udheafldenghanie) tAerBbf is not smaller

Each of the heat transfer plates (Pl1, P2; P3, P4) may be
provided with an inlet (21a, 21b) and an outlet (22a, 22b) of
10 the first flow channel (A) at respective ends in a longitudinal
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 channel (B) at respéctive other ends in the
longitudinal direction {Y¥) of the heat transfer plate (P1l, P2;
15 P3, P4), aprimary 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 (P1l, P2;
20 P3, P4), and the longitudinal length of 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 (Pl, 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



than the lateral length (W thereof and not |arger than two

4 tinmes the lateral length (W. Around an inl et
(21a, 21b, 23a, 23b) of the at. | east one fl ow channel (A, B) fornmed in
each of the heat transfer plates (P1, P2, P3, P4), a drift suppressing
rib set (50a, 50b, 60a, 5 60b) including a plurality of ribs (51 through
58) may be forned to introduce the fluid fromthe inlet (2la, 21b,

23a, 23b) positdpinfsofl \thenthe athe ddnemfecharirgle (81,B)P2; P3, P4} . Each of
the heat transfer plates (P1, P2; P3, P4) may be provided with an
inlet (2la, 21b)Thandnaeto(@lzet 2(B2aan@2be ohtldd (2At=a fRRB) 4f dwechinsiel (A)
at respective ends in a | ongitudinal direction (Y) of the heat
transfer plfabe ¢Bhnnéd; @3, n4) kancrovideatr dvi dedent-tdoare red ebp@8ate 23b)
and an outl et (24a, 24b) of t he second fl ow channel (B) at respective
ot her endspbsithens of Hongehtdiremls thr ectiten{¥Y) r¥f; PhAe Mgt theahsIet
plate (P1, P2; 15 P3, P4), aprimaryheat transfer enhancenent surface
(20a, 2Pb) (23a, £8b) entarnthiengubkat Eharge)by fgitve g cdingt il bancleatmel he

fl ow of each fluid nay be forned at | east between the inlet (21a,

21b, 23a, 2Bbhmandethe wWlddein @Adahe22nt@daco2ddYedbppashitefpositidhe fl ow
channels (A, B) of the heat transfer plate (P1, P2;
of the heat transfer plate (Pl, P2; P3, P4}, and each of the
heat transfer plates (Pl, 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; P3, 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 (P1l, 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 (21la, 21b, 23a, 235)
toward the primary heat transfer enhancement surface (20a, 20b)

or the flowof the fluid converging fromthe primaryheat transfer



20 P3, P4), andthe |ongitudinal |engthof theprimaryheattransfer
‘enhancenent surface (20a, 20b) may be equal to or snaller than t wo
tines the lateral |ength thereof. The inlet (21la, 21b) and the
outlet (22a, 22b) of the first fl ow channel (A) may be provided in
cater-cornered opposite 25 positions of the heat transfer plate (Pl, P2;
P3, P4), and the Inlet (23a, 23b and¥the outlet (24a, 24bh) of %he
second fl ownhancesteirnesuy Bycem{2® ptO0) deewardahdeheRteaterf288r nérhd
opposite positions of the heat transfer plate (P1, P2; P3,
P4) . 24a, PAPlinl et (21la, 21b) and the outlet (22a, 22b) of the first
fl ow channel (A) nay be provided in cater-cornered opposite Rosi tions
of the heat tranEherindledt é21@1,2109); apg, timputiled (Aot 229)(28Lhe3p¥Sind
the outlet (24a, 24b) of the second flow channel (B) may be provided
i n anot her Thatwerchanmel etAbppagilbe poevitiedsin cater-tpEnpESE OPRASEES
plate (P1, P2; P3, P4), and each of the heat transfer §)I ates (P1, P2,
P3, P4) Smaypdel piovs dddthe theat transfakpiabea (BinoBgh PBoP4) § ded et
surround the inlet (21a, 10 21b, 23a, 23b) and the outlet (22a, 22b, 24a,
24b) of eacte®d, 23b) thd fhewuHaindR4a(AR4B) whihei second oW coanIsilde or
back side of the heat transfer plate (P1, P2; P3, P4) , for preventing
the first atB) segdraptbuidediinomd el og tierrcorne regcerrPr $ieprositions

of the heat transfer plate (Pl, P2; P3, P4), and each of the

heat transfer plates (P1, P2; P3, P4) may be provided with:

10 seals (12a through 15b), formed to surround the inlet (21a,
21b, 23a, 23b) and the outlet (22a, 22b, 24a, 24Db) 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

15 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),
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 (P1, P2;

P3, P4) and the primary heat transfer enhancement surface (20a,

75 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)



channel (B) and the first flow channel (A), respectively, by 15 engaging

one of the adjacent heat transfer plates (Pl, P2; P3, P4); a primry
hedt transfer enhancenent surface (20a, 20b), formed in a | ongitudinal
m dportion of the heat transfer plate (P1, P2; P3, P4), for enhancing
heat exchange by giving di sturbance to the flow of each fluid
vertically flomﬁjg the heat transfer plate (Pl1, P2; P3, P4); and an
auxi | i ary hemthe *OW@ﬁﬁﬁﬁﬁl@m%§ﬁ§§ﬁﬁgﬂmmﬁ#%méhezﬂdmdﬂxweai6ﬁm@§ﬁ%ﬁween
t he seal s (12a through 15b) of the heat transfer plate (Pl, PZ2;

P3, P4) andenhangenemiyshedacer 4R er 28hhakcwaidt ther batd 20222, 221=2f0b),
for enhanci ng heat exchange by giving disturbance to the 25 flow of the
fluid di verdgfdag 2idborn 2 aimlertalPinof2dihs 234, tl28h)gh 58) ,t Hwvameld rheuwd nmary
heat transfer enhancenent surface (20a, 20b) or the flowf the fluid
conver gi ng ¢acimtdeprieminylets (3lensfdb, 23a, 23b), for introducing the

6 o enhancenent surface (20a, 20b) toward the outlet (22a, 22b,
24a, 24B). fluid flowThg ifmbat e@2baoR21ie aimléethe O2téet 21B2a2322bR3Ef) t he
first fl ow channel (A) may be provided in cater-cornered opposite 5
posi tions oiniferhbatinraespectpratpré@itePinkPd, dP4pctibasi.nl et

The plurality of ribs (51 through 58) may be arranged at
irreqgular intervals so that an interval between the ribs (53
through 56) intermediate the ends of the 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 fhe 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.



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

maybepr ovi dedi nanot her cat er - cor nered opposite positions

of the heat

transfer plate (Pl1, P2; P3, P4), and each of the heat transfer plates

(P1, P2; P3, P4) may be provided with: 10 seals (12a through 15b),
to surround the inlet (21a, 21b, 23a, 23b) and the outlet (22a, 22b,

24a, 24b) of each of the fl ow channels (A, B) and rise on the front
si de or back Atdiakstofonehefhgae ftirsisfénigl Atew{Rq, tiPou@Es, CiRq ¥ irisgr

preventing the first and second fluids fromflowing into the second

flow 15 chamethgBhedn®) hedfthssetoow thahddlowing tbspeghi et pechpd
engagi ng one of the adjacent heat transfer plates (Pl, P2; P3, P4) ;
pri mary heaftldw artsfrere ntBnceaente sar fheked (208, p20blding hehdr edhianga

| ongi tudi nal m dportion of the heat transfer plate (P1, P2; P3, P4),
f or enhanciingrdieatnge xe heimgee byhainye ng 20 di sturbance to the flow of each

f or med

a

fluid vertically flow ng on the heat transfer plate (Pl1, P2; P3, P4);
an auxiﬁiahpﬂuxations—transfer enhancenent surface (30a, 30b), forned
bet ween t he seal s (12a through 15b) of the heat transfer plate (P1,
P2; P3, P4)Waed tHee appecdr yahtatid rdansfears eehh&heewedt hsaf fthee £(1264a,
25 20b), for enhancing heat exchange by giving disturbance to the

fl ow of theHdnnal dRyeB)gisgiicos dd butl ehe ((2taytPtherddf,iL8byreased.

t owar dt hepri maryheat transfer enhancenent surface (20a, 20b)

7 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

15

20

25

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
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).

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 (P1, P2; P3, P4). Therefore, even if the
aspect ratio is small, the fluid can flow relatively uniformly
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



or thefl owof thefluid converging fromthe prinmary heat transfer

enhancenent surface (20a, 20b) toward the outlet (22a, 22b, 24a, 24b);
and a pluralityof ribs (51 through 58), formed around each of the
inlets (21a, 21b, 23a, 23b), for introducing the 5 fluid flow ng from each
of the inlets (21a, 21b, 23a, 23b) uniformy in respective
predeterm ned directions. The plurality of ribs (51 through 58)
may be arrangetsfér enhanceent arusnfuar (@0a ,s80bhat haati sxekryage raMeédn t he
ribs (53 through 56) internediate the ends of the rib set is narrower
10 than thethdeceden Itheisibs ¥&61inoked szats58hoshbséhet it dipsls Lo of
the rib set. The plurality of ribs (51 through 58) nay be forned
SO t haintheasébi ¢S5 tosough B63s idnertmeditg dittainmpcofof HelaWb @

set is .broader than the rib (51, 52, 57, 58) closer to the ends 15 of the

rib set. - pressureTHess usél ithe of luidds igS1thér pugmass) hegtbdravsdiafed
substantially radially in the flow channel (A, B) downstream fromthe
inlet (Fla,eRibncalant 23 fame (20=,| 20bh hcah ddeecirdeased bysdet5Rng e 58)
closer to the ends of the rib set nay be larger 20 than that of the rib
(53 throughlofyitatienaidliehethhef ertds pfinary hdws ridarseier enhancemerhe
plurality of ribs (51 through 58) nay be arranged substantially
radi al | y i nshheatkoy@ahanoe)) 48 a Bpldevnsiakdam or smaller than two times
the lateral length thereof. Accordingly, heat exchange can be
enhanced without largely increasing the pressure loss.

10 Furthermore, the plurality of ribs (51 through 58) are
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
uniformlythroughtheentire flowchannel andadrift cansecurely
be prevented.

20 Moreover, when the fluid performing heat exchange
involving aphase 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



fromthe 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 snall er than that of
the rib (53 through 56) internediate to the ends of the rib set.

8 At | east one of the first fluid flow ng through the
first fl ow channel (A) and the second fluid flow ng through the second
flow channel (B) may be a fluid for providing heat exchange |nvoIV|ng
a phase changehout incrpesargohge number of Rgath W@%fs?)”ec&l%%%o jdis
decreased, the width of the flow channel (A, B) is increased but_ the
length t hereakessiidossddd® to conpfruciendiaat exehanasdeharangth Tt e
decreased w t hout decreasing the heat transfer area. Ther ef or e,
W t hout 10Presevsasingst Aé AOWbepséft heat transfer plates, a pressure | oss
of each fluid can be decreased while maintaining the anount of heat
exchange. Furtigen ifBethepemeqtarpsiosisetetataaviplisedtt hatmaan 1
and -2, adrift due to increase in lateral length (W canbe suppressed
15 and @ sul tatbd &2 2 e cami behabtagnadsadb¢apricesng ey gulalyf suitable

for decreasing a pressure loss while suppressing a drift of
the fluid.

Furthermore, since the plurality of ribs prevents a drift
of the fluid, increase in drift due to decrease in aspect ratio

10  can be suppressed.

Moreover, since each fluid flows along the diagonal of
the heat transfer plate, the fluid is allowed to flow relatively
uniformly in the flow channel. Since the flow of each fluid
is disturbed in the primary heat transfer enhancement surface

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

11



the fluid can be obtained. Furthernore, since a drift can be
suppressed by the plurality of ribs (51 through 58), the fluid
uniformy flows t hrough the flow channel (A, B). 20 Mor eover ,
the first fluid in the first flow channel (A)

andt hesecondf | ui di nt hesecondf | owchannel (B) fl owsthrough t he
respective flow channels (A _B) along the diagonal of the . heat
transfer plkelvgen tie rigs mgatahdigrpid svdraad ¢ hdccordindgidor Hstio
is small, the fluid can flow relatively uniformy 25 through the f| qw
channel (A £Byid can flow urFifamery thraueht Hee ndwres 4pYtaraEe n thhe S

primary heat transfer enhancenment surface (20a, 20b) and the auxiliary
heat makes it possible to prevent agdrift with reddgkdfddrtYenhancenent

surface (30a, 30b), heat exchange can be enhanced. It is to be noted
that though the Fhuttermade tovhen {herehbeldt prorddsmde 1oat GXENE Ihe
di sturbance of flow, a pressure loss of the fluid in the primary heat
transfed® Gimvhhntesentpkasé adeaq(Poa.s Zmﬁ)d,ce‘iﬁleb@b@é’@'é@)édwds@tftﬁl% t he
| ongi tudi nal length of the primary heat transfer enhancenent surface
(20a, 20b) @f deorfasiranedatresswre sowisl ér theaflowsrchansl can be xqrifiesd al

| ength thereof. Accordingly, heat exchange can be
more remarkably.

Brief Description of Drawings
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
pilate 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



enhanced without largely increasing the pressure loss. 10

Furthernore, the plurality of ribs (51 through 58) are arranged at
irregular intervals. At internediate |ocations 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 fl ows fidow raté lodwrefriparant sarat tokezvarer st hee hant theepiar

bet ween t he ribs (51, 52, 57, 58) is broad. As a result, the fluid can
fl ow uri & OFid Adrhir ought heent i ref | owchannel andadri ft cansecurel y be
prevented. 20 Moreover, when the fluid performng heat

exchange i nvbywiadaphasechanyedd dperspheéfirectivdw déor easivagpiessdr e
loss in the flow channel can be nore extensively exerted since such

fluid has lmtperyipe dieat rexchanvegdy. | arge pressure | oss. -Effects-
25 . According to the present invention, the length of the flow
channel Bcan be decreased w t hout decreasing the heat transfer ar ea.
Therefore, a pressure loss of the fluid can be decreased

10 Best Widdwufor NCieaging oOhe thwbenvefitheat transfer plates. This

Hereinafter, embodiments of the present invention will
be described with reference to the drawings.
Embodiment 1

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

As shown in the exploded perspective view of Figure 1,
aplate-type heat exchanger (1) of this embodiment 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 togetherbybrazing. 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



makes it possible to construct a heat exchanger having a small pressure

| oss at | ow cost. Further, if the aspect ratio is set at a val ue
of "between 5 1 and 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 in aspect ratio 10 can be
suppr essed.inlet pipe fidr ébeer irsitnféuddehaf fim st fownse alwine t e disagonal
of the heat transfer plate, the fluid is allowed to flow relatively
uni form y iouthet foigve channghe Singe fheidl) ow secendhifflakdpipe (63 as
disturbed in the prinmary heat transfer enhancenment surface 15 and the
auxiliary heatinYeinspipe efdancleaesecsudf fteidhand a secerdhangéetanibe
enhanced. If the primary heat transfer enhancenent surface is forned
so that the(7oras tamicatléengibe for thereefond €fuad, t vespestaleady .t han
two tinmes the lateral length t hereof, the anobunt of heat exchange can
be i ncré&ased whiEech2ff siepressingeat fressaffer pdsseof P1headd dihd aecansimal |
val ue. Further, the drift suppressing rib set is arranged at
i rregul ar indet vatans fhepdfare, (P2 Lot Bonrddaveth ccatiimmis opfening (2Ae,ri b
set where the fluid is essentially easy to flow, the flow of the fluid
can be supp esgetdsoperihyedNt,eavidiibdbpeaing?2b23hand bsfdwddt edenivgei n
is narrow. On the other hand, at the ends of the rib set where the
fluid is esgahtiat | yhdacdrtespdboding positions of the first inlet pipe
(4), the first outlet pipe (5), the second inlet pipe (6) and
1_0 the second outlet pipe (7), respectively. The first opening
(21), the second opening (22), the third opening (23) and the
fourth opening (24) constitute an inlet of the first flowchannel
(A), an outlet of the first flow channel (A), an inlet of the
second flow channel (B) and an outlet of the second flow channel
15 (B}, respectively. Further, when the plurality of first heat
transfer plates (P1l) 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
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the flow of the fluid can be accel erated since the interval
11 between the ribs located therein is broad. Accordingly, the
fluid can flow uniformy through the entire flow channel. This makes it
possible to prevent a drift with reliability. Furt her nore, when
the fluid providing heat exchange 5 involving a phase change is used, the
above-nenti oned ef fect of decreasi ng a pressure loss in the flow
channel carP#Rt ekera gganner hprker shbghbbyybroadenedptpeprBedde gindosCof
Drawi ngs 10 . Figure 1 is an expl oded persi)ective view of a plate-type
heat exchangest the peripheigjuresloesi saa Peonveyiappof en¢igmstaneddien tensf er
pl at e according to Enbodi ment 1. Figure 3 is a front view of
a second hefernriamsfaidelee db tdec erldibey tywebheedi mxothahger (1) when
Figure 4 is -a graph show ng performance conparison between i nventive
and conventdbhdlheehaapl tsanafabichatée (Riler S@20f are plihadaspBratris ito i s
used as- a paraneter. Figure 5is front view of a first heat
transfep plsae, the side face of the plate-type heat exchanger (1) is formed
so the bent peripheral edges are overlapped one on another.
Figure 2 shows the front face of the first heat transfer
plate (Pl), and Figure 3 shows the front face of the second
heat transfer plate (P2). The peripheral edges of both the heat
10 transfer plates (Pl), (P2) are bent from their back side toward
the front side. The firstheat transferplate (P1l) andthe second
heat transfer plate (P2) are piled in a manner that the front
face of one heat transfer plate is opposed to the back face
of the other. Between the front face of the first heat transfer
15 plate (P1) and the back face of the second heat transfer plate
(P2), the first flow channel (A) through which the first fluid
flows is formed. On the other hand, between the back face of
the first heat transfer plate {Pl) and the front face of the
second heat transfer plate (P2), the second flow channel (B)
20  through which the second fluid flows is formed.
-Aspect Ratio of Heat Transfer plate (Pl), (P2)-
As a characteristic of the present invention, the aspect
ratio of each heat transfer plate (Pl), (P2) is set at a value
of 2 or less. Particularly in this embodiment, the aspect ratio
25 is set at 1.5. That is to say, as shown in Figures 2 and 3,

each heat transfer plate (P1l), (P2) is formed so that its

longitudinal length (in a direction¥) is 1.5 times the lateral

15



20 according to Enbodi nent 2. Figure 6 is a front view of a
second heat transfer plate accordi ng to Enbodi nent 2. Fi gure
7 is apartly enlarged front vi.ewof a heat transfer pl ate show ng the
arrangenment of a drift suppressing rib set. 25 Figure 8 is an
expl oded perspective view of a plate-type heat exchanger according to
anot her enbodi nent. Figure 9 is a graph show ng the rel ationship
bet ween théength {in a direction X). 12 mass fl ow
rate of refrigerant and the evaporation heat transfer coefficient.
Figure 10 is an IxpilglecopeespechaVeplber-tfpa teaterdidrmigers, ptlaekrt ype
heat exchanger. Best Mode for Carrying Qut the Invention
Her ei naf t easperitodiarent S somorhetharsent Imvemtioamsty | in the mbkadestypded
with reference to the draw ngs. Enbodi ment 1 10 -Structure of
Pl at e-t ypehkedt eRxbhagger (1) of this embodsmshdoywntha theterapl beegth of
perspective view of Figure 1, apl ate-type heat exchanger (1) of this
enbodi fent the emstranisédedr plate is increased and the longitudinal length
thereof is decreased as compared with the conventional one.
This decreases the aspect ratio while keeping the heat transfer
area substantially constant. 1In thismanner, each of the first
flow channel (A) and the second flow channel (B) can increase
10 its width and decrease its 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 coefficilents 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
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so that a plurality of heat transfer plates (Pl), (P2) of two types
are alternately piled between two franes (2), (3) and 15
i ntegral | yj oi nedt oget her bybrazi ng. Betweent hetwo franes, 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 fornmed in a manner to be provided ‘between the adjacent heat
transfer pléesPinvegR) of Ithahiagpeet 2&tio iils| docrarised)of by eadhgped
parts form ng a heat transfer enhancenment surface (20a), (20b), seals
(12a), (12)f &idwthetes and tke radde ¢f quwadst2annfed)cawi Thewnts bbecome
described later is omtted. In the first frame (2) |ocated
at the forehasgeposidr dme 25hiewr Eegdy ead,th¢ safmant corinier sis ideereatsika /| ower
| eft corner, t he upper right corner, the upper left corner and the
| ower iTight xortter hexrte toomeidredltata ifs ristcriqasetd dinpe ts4)l ade ran
13 - inlet pipe for the first fluid, a first outlet pipe (5) as
an Soutletgti petHomddws fdrstnudhed o fa heedona anslfetr plpeestpeasmes  an
inlet pipe for the second fluid and a second outl et pipe (7) as an
outl et pipesh@rléne second fluid, respectively.
As can be understood from the above, if the inverse of
the aspect ratio is gradually increased from about 0.2 (prior
art), the ratio of flow rates and the ratio of heat transfer
10  coefficients tend to abruptly rise until the inverse reaches
0.5 and then ease their rates of rise when the inverse exceeds
0.5.
Further, if the inverse of the aspect ratio is gradually
increased from 0.2, the necessary number of heat transfer plates
15  abruptly decreases in correspondence with the abrupt increases
of the ratioc of flow rates and the ratio of heat transfer
coefficients, eases its rateof decreasewhenthe inverse exceeds
0.5, and then seldom decreases when the inverse exceeds 1.
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,
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5 . Each of the first heat transfer plate (Pl1) and the second heat

transfer plate (P2) is formed with a first opening (21), a second
opening (22), a third opening+(23) and a fourth opening (24) at the
correspondi ng positions of the first inlet pipe (4), the first outlet

pi pe (5), the second inlet pipe (6) and 10 the second outlet pipe (7),
respectively. The first openin% (21), the second opening (22% t he
third openitfiglt 2mstamrefiegable thatirihepemars £a4iochbndiqlt iearien ERaP t he
first flow channel (A), an outlet of. the first flow channel (A), an
inlet of tReand nofeddid@ay dlaghannel (B) and an outlet of the second flow
channel 15 (B), respectively. Further, when the plurality of first heat
transfer plates §g=9i The piharaltheyasbesécontiinebt 2 r(&hsf dpverse pfates
(P2) are alternately piled, a first inflow space (8), a first outfl ow
space (9), tAsseasmett matow sipade 10)thhdratio of seeepsisauy fhenbspacet(11)
are defjined by the first opening (21), 20 the second opening (22), the
third openhegt( 2Zpnsfen bdatesr il 0.85, opbachgneany, thatpbbei npefgssary
As shown in Figures 2 and 3, each of the heat transfer plates (Pl),
(P2) is fonumdelr sagus arduddd rectamgut at pt at eln the npbieteftypeahegSuch
as stainless steel or alumniunm and has 25 heat transfer enhancenent
surfaces (2&&hand@0b)(1)( 30A)thq FBiegoing fambmdingn pr esinger khagaspetrts
surfaces. The peripheral edges of both the heat transfer plates (P1),
(P2) are eaetientisr &l §, the ratio of necessary numbers of heaf transfer
plates is 0.80, which means that the necessary number can be
10 reduced by about 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 (P1l), (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) each havinga circular 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 (21a), (21b) through (24a), (24b},
respective planar seals (12a), (12b) through (15a), (15b) are
formed to surround the openings (2la), (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

18



bent in a manner to be slightly broadened toward the end so that the
peri pheral edges can be overl apped one on another to formthe side
face of the plate-type heat exchanger (1) when all the heat transfer
plates (Pl), (P2) are piled. That is to 5 say, the side face of the

pl ate-type heat exchanger (1) is forned so the bent peripheral edges
are overl apped one on anot her. Figure 2 shows the front face of
the first hesdndfaenpilete {P1l) ptheee@Rl)l2anduFirgundidgsttionEirhe oremitnd ace
of the second heat transfer plate (P2). The peripheral edges of both
the heat 10214) anrsd entheplsatzds (LPa), s¢PRYundénpenite frarondhaperbiank (286

t owar d the front side. The firstheat transferplate (Pl) and the
second rheatf romahké eirquiitasédeRYwarad thiel lealc k 5 iaevanfer théatontre firont
face of one heat transfer plate is opposed to the back face of the

ot her. Bet weles sded flnaal) $aceowfdihe g shikhdadpém amgf @3a)landptlae esgaRl)
and t he back face of the second heat transfer plate (P2), the first

fl ow chd@nnel1%#) $urosighd vy cthd Feurithsbpkhiing (24a)ftbdws fsom driredaddn t he
ot her hand, between the back face of the first heat transfer plate

(P1) and theifieobbwhagethé fhent sidsecond heat transfer plate (P2), the
second flow channel (B) 20 through which the second fluid flows is
f or med. - AspeacthRatthe rohahi@atinltaes ecopd atemt( PtansR2)plate (P2),
the seals (12b), (13b) respectively surrounding the first
opening {21b) and the second opening (22b) rise from the back
10 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 {(P1l) 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). In 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 inteo a heat transfer enhancement surface (20a),
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As a characteristic of the present invention, the aspect rati o of each

heat transfer plate (P1), (P2) is set at a val ue of 2 or |ess.
Particularly in this enbodinment, the aspect ratio 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 | ongi tudinal length (in a direction Y) is

1.5 times the | ateral 15

length (in &) ect(Bda)X) (30b). Inl rdetmi toneemyiorty phaas- thysa e
exchangers, their aspect ratio is nore than 2. In contrast, in the

pl at e-t ype enhanbemtnexohafaes (RDr)of (2Abs nifodimeshin the Jomartaldiredgt h
of 5 the heat transfer plate is increased and the |ongitudinal |ength

t her eof i s medpeasidnas Tomhared reindfarelabav@®it i ofR?) owbile auxifhiary
decreases the aspect ratio while keeping the heat transfer area

subst ant i al hgatonsdmanfer lentdricemarinenr feasts dB30Ehe f(BPYY are fdimed cltannel
(A) and the second flow channel (B) can increase 10 its width and

decr easd i tisotenpbigint hdions 1 decieadi nypei heahettansfertphaké etPlrealPA)n.

ot her words, the cross section of the fl ow channel can be increased
and the | engh8 &heiedirgdnede temedsednhancamethatunf pressifx) | o3P t he
fluid in the fl ow channel can be reduced.

is formed over a space between the seals (12a), (12b) through
(15a), (15b) and the primary heat transfer enhancement surface
(20a), (20b).

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
such awave shape that ridges andvalleys arealternatelyrepeated

15  in the longitudinal direction of the heat transfer plate (P1),
(P2). Theheattransfer 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 (P1), (P2) to enhance heat exchange by giving disturbance

25 to the flowof each fluid vertically flowing on the heat transfer
plate (P1), (P2). Ontheotherhand, theauxiliaryheat transfer

enhancement surface (30a), (30b) enhances heat exchange by
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15 . The principle of setting the aspect ratio in the present
invention will be now described conparing the performances of t he
conventional plate-type heat exchanger (conventi onal exanpl e) havi ng
an aspect ratio of 4.7 and the pl ate-type heat exchanger according to
the present invention. 20 Figure 4 shows cal cul ation results of the
ratio of flow rates, the ratio of heat transfer coefficients and the
ratio BFV HeE 84 sy banrscrs the Hakid di uasvéngfirumesach athehé dvdretisve
heat exchanger with respect to the conventional exanple when t he
inverse of thtahspteibyat (d3af, t h@3bhkatovandsthe prameriyshe2s tusedfas a
paraneter and the pressure loss in the flow channel I s assuned to be
equal wth <xzaneemert surface (20a3,i $26bi)dent tiie o FEduwon v rg@ng feocaspect
ratio is decreased (as the inverse of the aspect ratio is
i ncreased) ,théieprimapy heatoftrenewerateedhanrbndret ratt Daoé 2as) | r 4a2obgr
coefficients becone | arger. On the other hand, as the aspect ratio is
decr eas@d, toward . each asfthee heatlétans22a) pl 422b) s i(Adapasdddbh.its
|l ateral 5 length, the necessary nunber of heat transfer plates becones
smal | er. TheAficah heatinteassbed piiabet iRlabaud, the tkeondvarae of
the aspect ratio is gradually increased from about 0.2 (prior

transferplate (P2) aredifferent fromeachother inthe extending

directions of the ridges and valleys of the heat transfer

enhancement surfaces (20a), {20b), (30a), (30b}. Specifically,

10 as shown in Figure 2, in the first heat transfer plate (P1),

the upwardly inclined section (26) is formed in the left half,

and the downwardly inclined section (27) is formed in the right

half. On the contrary, as shown in Figure 3, in the second heat

transfer plate (P2), the downwardly inclined section (27) is

15 formed in the left half, and the upwardly inclined section (26)

is formed in the right half.

When the first heat transfer plate (P1l) 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 (P1l), (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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art), the ratio of flowrates and the ratio of heat transfer 10

coefficients tend to abruptly rise until the inverse reaches 0.5 and
then ease their rates of rise when the inverse exceeds 0. 5.

Further, if the inverse of the aspect ratio is gradually i ncreased
fromO. 2, the necessarynunber of heat transferplates 15 abruptly
decreases in correspondence with the abrupt increases of the ratio of
flow rates and tBAe sheown iof seddid aranwbein Figunedfsfpcients refasideriant rate
of decrease when the inverse exceeds 0.5, and then sel dom decr eases

when the iniersevekerpesatiure gas-liquid Vevpldseuednd Bhtenct €24s idtihe
present invention, the 20 inverse of the aspect ratio is set at 0.5 or
nore at whi ehchhef the fimst lafw EhennedsesdandXhe..reees $dey fhufbem It heat
transfer pl at esar enot subst anti al | ychanged. | not herwords, theaspect
ratio i s sebipt @)orthtassh the first irGhlanepecst (8Fy, 01 thigeobBpediandtio

I s decreased, the 25 wdth of the flow channel is increased thereby
easily dausangecond mefiriféranttime HighdieMheratore, gdhoraiudl tionfflais vel y

reduce a pressure loss of the fluid while suppressing a drift thereof,
17 into the isscwst fpoefchaihel $ hiB) t HB) aspelton ghicospeondtinkel | er
t han

pipe (6) through the second inflow space (10).
The first refrigerant flowing through the first flow
channel (A) 1is heat-exchanged with the second refrigerant
10 flowing through the second flow channel (B) via the heat transfer
plate (P1l), (P2). 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).
15 On the other hand, the second refrigerant condensed in liquid
condition flows out from the second outlet pipe (7) through
the second outflow space (11).
-Effects of This Embodiment-
According to the plate-type heat exchanger (1) of this
20 embodiment, since the aspect ratio of the heat transfer plate
(P1), (P2) is small, each of the first flow channel (A) 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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1 and not |arger than 2. Specifically, when the aspect ratio is 2
(the inverse of the aspect ratiois 0.5), the ratio of necessary
nunbers of 5 heat transfer pl-ates is 0.85, which nmeans that the necessary
nunber can be reduced by about 15% In the plate-type heat exchanger
(1) of the foregoing enbodi nent, since the aspect ratiois 1.5, the
rati o of necessary nunbers of heat transfer plates is 0.80, which
means t hat alvewreddsyar grmimiser £ancbe raQuireducear by igsoutat2gy eBgh
setting the aspect ratio at 2 or |ess as descri bed above, the present
i nventi on cafriahrent an be decesssey, numbeh efharaest thaskEfipianey by
15% or nore as conpared with the prior art. -Details of Structure
of Heat Traffay drami{Rl)in (WR)ch e heat éwckangari AsFiogungsd2 and 3,
in each of the first heat transfer plate (Pl1) and the second heat
transfer plate (P2yther, siheefthstppessnge(2day, i623bh]lli hEenpevatopeni ng
(22a), g22b), the third opening (23a), (23b) and the fourth opening
(24a), chiE@d® chodayimnger tdecakarishiape Atewfohaerdalst a)f oyB)casners,
20 i.e., the lower left corner, the upper right corner, the upper

| eft cornersraid  Thelrafere,i getreaseein ¢ffpecénvelyf heat exchangeouad t he
openi ngs (21a), (21b) through (24a), (24b), respective planar seals
(12a), (12ie tdumupsgekba), (15b) are formed to surround the openings
(21a), (21b) through (24a), 25 (24b) and rise toward the front side or
back side of theAsemin be untieassbed pkametifélPhofd2)the plate-type heat

exchanger (1) of this embodiment can be mounted even in air
10 conditioners and the like having severe constrains on pressure
loss. Accordingly, the plate-type heat exchanger (1) of this
embodiment can be mounted even in apparatuses in which
refrigerant is circulated by a small-capacity pump, i.e., such
apparatuses that the conventional plate-type heat exchanger
15  would be hard to incorporate therein. For example, in an air
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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Specifically, as shown in Figure 2, in the first heat
transferplate (P), theseal (12a) surroundi ngthefirst opening (21a) and
the seal (13a) surrounding the-~second opening (22a) rise fromthe
front side toward the back side. On the contrary, the seal (14a)
surrounding the third opening (23a) and the seal 5 (15a) surrounding the
fourth opening (24a) rise fromthe back side toward the front side.
On the ot hehaRamdongt nunt suedhdthéhe fiassfrmatpltaasie?) plate (Phe awdl s
(12b), (13b) respectively surrounding the first openi ng (21b) and the
second openthg 622bndrihsetf romndfebhackatd 0(P2) dént dhver ¢ ltatte foype sdale.
On the contrary, the seals (14b), (15b) respectively surrounding the
t hird openi agchagbrrand)t bé Embodimenthl opeai ngpl24dd wiske 4 riimsthendatont
side toward the back si de. When the first heat transfer
pl ate (Pl) tndnsfierselonel (PB5 shewt itr Bhgher Phatiea R2onal ke ahdagads Bad
joined with each ot her at the seals (12a), (12b) through (15a), (15b),
the secdnd platd (P4) showpipFentes 6§ paspboni ngliynt oS ihee porst ohlsavtihannel
(A) and the first fluid is prevented fromflowng into the second fl ow
channel (B)thanntkeldiddtotraniseefr pdatienf (BB) speRe) (e ahd thme as those
of Embodiment 1, description will be herein made about 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 (21la), {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.

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

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

primary heat transfer enhancement surface (20a), (20b)
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20 first outflow space (9) are comrunicated with the first flow

channel (A), and the second inflow space (10) and the second out fl ow
space (11) are comruni cated with the second fl ow channel (B) . As a
result, the first fluid can flow through the first fl ow channel (A)
and the second fluid can flow through the second 25 flow channel (B)

The remaining portion of the heat transfer plate (Pl), éPZ) s fornmed
into a heatlR¢aMdiRy agpharethbhtosypvacehppegd)ridges is formed. At both

19 . (20b), (30a), (30b). In detail, a primry heat
transfer longhtadterkrndsrdfaddq 2Rt trzowiars pfleteed auxitliary heat

| ongi t udi nal m dportionoftheheattransferplate (P1l), (P2), while

auxi liary trangkex erhasterebhhavecdaests siAFaces(3Pda)are ( Zobredr e Ther med
at 5 both longitudinal ends of the heat transfer plate (P1), (P2).

The auxili @yxhekary raest ckrenhiacearhansaeneatesiddare (30B) , (30hb)s ifsor med

over a space between the seals (12a), (12b) through (15a), (15b) and
the pri Naryfdweed thethsfenr Wrhardament haatf dgensfer eadancef@ols) surface

The heat transfer enhancenment surface (20a), (20b), (30a), (30b) is a
portion for{29kancidphead chehaagesbylayi nfl2b) tihdistgly bdded t d 16ke .f | ow
of each fluid. The heat transfer
Details of the structure of the seal, the heat transfer
enhancement surface and the drift suppressing rib set will be
described below.
10 -Structure of Seal-
As shown in Figure 5, in the first heat transfer plate
(P3), the seal (12a) surrounding the first opening (21a) 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
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enhancenment surface (20a), (20b), (30a), (30b) is formed in
suchawaveshapet hat ri dgesandval | eysar eal ter nat el yrepeated 15
| ongi tudi nal direction of the heat transfer plate (P1),

vertically flowing on the heat transfer plate (P1), (P2).

in

t he

(P2).

Theheat t r ansf er enhancenent surface (20a), (20b), (30a), (30b) has a
so-cal | ed herringbone formincluding an upwardly i nclined section (26)
and a downwardly inclined section (27) I n which the extending
direction oplehe (PIpendidievhbkéysate oRGhd seconddheplat vhysfed plate
downwardly toward the right hand of the figure, respectively.

The primaryhBai so drsdertlenfdmsdnddnisueflove ¢20aflog20byough the figrsted in
the I ongitudinal mdportion of the heat transfer plate (P1),
enhance heaflewctiadigee by(Adi vi Ag keivdtser bhheef 128t flavitché sfpoewehtedchrdn ui d

(P2) to

Ont heot her hhdwinbeankol theybheatnd afb$erchanne bntBncimtined wré aeeer( m

(30b) enhances heat exchange by

gi ving i sthabintece o f hafd iid i vergi ngabsdmrenthtef (PARi ahétshe fror(t21a)
(21b), (23a), (23b) toward the primary heat transfer enhancenent
surface (20&;1pe(c2f)h:)he)rsetdme1df heatl coavefgrngldteoniP4) sot hbaprilmarsedwat

transfer enhancenent surface (20a), (20b)

fluid alone can flow through the second flow channel

-Structure of Heat Transfer enhancement surface-

(B) .

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

valleysareinclinedupwardlytowardtheright handof the figure.

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

the secondheat 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 (20za), {(20b) is formed so that

the ratio between the longitudinal and lateral lengths 1is

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
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5 toward each of the outlets (22a), (22b), (24a), (24b). The
first heat transfer plate (Pl) and the second heat transferplate (P2)
are different fromeach other inthe extending directions of the ridges
and val l eys of the heat transfer enhancenent surfaces (20a), (20b),
(30a), (30b). Specifically, 10 as shown in Figure 2, in the first heat
transfer plate (Pl), the upwardly inclined section (26) is forned in
the | eft hatlie laterahdlehregt8ewnwardly inclined section (27) is formed in
the right half. On the contrary, as shown in Figure 3, in the second
heat trahshetupkapé DPRYL SherdewslagdRybi Beltined section (27) is 15
formed in the left half, and the upwardly inclined section (26) IS
formed in the ri§exthathe structure ofhehetdiel £ ssppreass ivangbeseplwitld (P1)
is joined to the second heat transfer plate (P2), the ridges of one
heat transflee descrpbatle engages the valleys of the other, so that a zigzag
flow 20 channel (A), (B) is fornmed between the adjacent heat transfer

pl ates (P1l), (P2ps shown- BeafFiBxclkadge fQpetatirarft suppressingextib sets

description will be made about a heat exchange operation between the
first and s¢B0ay éhohdsonsishengl af eeigipe riZ2hs (bt Exchagigel5§)1)risinar e,
fl uorocarbon refrigerant involving a phase change during heat

exchange, sficbmash&494ck disdlaisevard thasfrhetf side and Seowed dharelshe
2 first opening (21a) of the seal (12a) of the first heat transfer
plate (P3) and below the second opening (22a) of the seal (13a),

10 respectively. On the other hand, second drift suppressing rib
sets (60a) each consistingof eight ribs (51) through (58) rising
from the front side toward the back side are formed below the
thirdopening (23a) of the seal (14a) and above the fourth opening
(24a) of the seal (15a), respectively.

15 Since the drift suppressing rib sets (50a), (50b) are of
symmetric configuration, only the structure of the first drift
suppressing rib set (50a) provided around the first opening
(21a) will be described herein.

As shown in Figure 7, the first drift suppressing rib set

20 (50a) is composed of a first rib (51), a second rib (52), a
third rib (53), a fourth rib (54), a fifth rib (55), a sixth
rib (56), a seventh rib (57) and an eighth rib (58) provided
in this order from the left to surround the first opening (21a)
fromabove. Thepluralityofribs (51) through (58) are arranged

25 substantially radially around the first opening (21a) so as

to smoothly and uniformly introduce the first fluid flowing

into the first flow channel (A) through the first opening (21la)
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As shown in solid arrows in Figure 1, a first refrigerant in
| ow-t enperature gas-liquid tw-phase condition flows into each of the
first flow channels (A, (A, ~.. fromthe first inlet pi pe (4)
through the first inflow space (8. On the other hand, 5 a second
refrigerant in high-tenperature gas condition flows into the second
fl ow channels (B), (B), ..fromthe second inlet pi pe (6) through the
second i nf ltowasphddhg ) imary heat tmvesfer senpaneegerintuEfaGend2PR? ough
the first flow channel (A) is heat-exchanged with the second_.
ref ri ger antSpeldi £ fdali ng e¢adntowgh tihee ridsord 1| WwrekatndB8( B):sviiacLhBeReat
transfer plate (Pl), (P2). As aresult, the first refrigerant is
evapor at ed waith thesmegond tefr vgetdonli axéendenskeat Thermnghe @ formedst
refrigerant evaporated in gas condition flows out from . the first
outl et pipeldkwisobghweee éackribuaid dlespartics}. dinestion gradpahdy
hand, the second refrigerant condensed in liquid condition flows out
fromthé seqoorkassd ein pifpe rBex Hmmgtthe findte rddcd®d)olof tdw epaddh(11).
-Effects of This Enbodi nent - According to the plate-type heat
exchanger (dipof58his 20 enbodinment, since the aspect ratio of the heat
transfer plate (P1), (P2) is small, each of the first flow channel (A
and Each of the ribs (51) through (58) is formed so that the
lengthwise direction thereof extends substantially radially
fromthe center of the first opening (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 the rib (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)
tothe eighthrib (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 second fl ow channel (B) has a | arge channel cross-sectional area
and a short channel length. Therefore, a pressure |oss of each
refrigerant in the flow channets (A), (B) is small. 25 Accordingly, a
pressure | oss of each refrigerant can be reduced wi t hout increasing
t he nunber of heat transfer plates. Since the pressure loss is
reduced in such a manner, a 22

ci rcul at i onl@riafigRyafore Midpeilnddciose dia enl maqinaachine M qefrdgsmant
can be decreased, which enhances the efficiency of an apparatus in
whi ch the hEhe EkenbneeenizgnbRiredyith the secdaut tdpern irsy n(224 heamt essur e
loss is small, tenperature 5 change of each refrigerant in the flow
channel s (AymaibB)atsboth thembhdsTherefope, tdechieagénaryefifinag ency of heat
exchange can be suppressed. As can be understood fromthe
above, the plateThgptntearals betesesttangepett)vefadhaserthindi oEntheantze
nmounted even in air 10 conditioners and the |ike having severe constrains
on presdure(51) thrmgh AS80r diagiet itrives ol latrel-yt yp&ihegat nex chergetit Eowof
this enbodi ment can be nounted even in apparatuses in which
refrigerantchargctentateéds byfatbeakivoeppasit ¥1lpunp, Thae. issttehsay, the
appar atuses that the conventional plate-type heat exchanger
plurality of ribs (51) through (58) are arranged at irregular
intervalssothattherefrigerantflowingthereintointwo—phase
- condition is introduced uniformly to the primary heat transfer
10 enhancement surface (20a). Specifically, at a location where
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
locationswheretherefrigerantishardtoflow,andconcurrently
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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15 would be hard to incorporate therein. For exanple, in an air
condi tioning systemin which heat transfer is nmade by using

refrigerant as a mediumin the-internmediate stage, the effects of this
i nvention can be remarkably exerted. Thus, the pl at e-type heat
exchanger (1) of this enbodi nent can broaden 20 the range of air
conditioners in which it can be nounted. Enbodi ment 2

pl at e- t ype heait dietarigansteomiialy t @Enbedideiher strucdomns s&¢ dllhleft
suppressing rib sets (50a), (50b), (60a), (60b) 25 for suppressing a drift

of the refr$ge@ant in the fl ow channel (A, (B). The

pl at e-type heat exchanger according to Enbodi nent 2

23 -Heat haxchargasPpetatoonthat the first heat transfer plate (P1)
and the second heat transfer plate (P2) in the plate-type heat

exchanger (1) ofAEnbbdiwnent dohid ampivwseich iitdure fli ddtkeh&mbodimenty dnsf er
plate (P3) shown in Figure 5 and a second heat transfer 5 plate (P4)
showni nBi gur ebirsespefrigetgnt Sinteyorenpasathee gas-lihandt kwohpaase
transfer plates (P3), (P4) are the sane as those
condition flows into each of the first flow channels (A, A,
..) from the first inlet pipe (4) through the first inflow space
{8). At thetime, 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 in high-temperature gas condition flows into
the second flow channels (B, B, ..) from the second inlet pipe
(6) through the second inflowspace (10). At thetime, thesecond
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) 1is 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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of Enbodi ment 1, description will be herein nmade about the heat
transfer plates (P3), (P4) alone and description of the other portions
will be omtted. 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 firstopening (21a), (21b),
the secondopening (22a), (22b), the third opening (23a), %3b) d the
fourth opening (RAdhe aspectoapyiearh thavhagtaterretfar dEe ﬁB? d,
l'i ke Enmbodi nent 1, at the four corners, i.e., the |lower |left corner,
the upper is deaqﬁﬁsqﬁwrﬁh%stmﬁyL@$M§el@¢@r%o@ﬁe?eﬁﬁHlPﬁétFeﬁeﬁnrg@ﬁ?
cor ner, respectively. Around the openings (21a), (21b)
through (24mchasbper f20maraspderi vept araridealsr ¢ 12hySrpa2m)n (o dgh"
(15a), (15b) rising toward the front side or back side and drift
suppr essi nghdrnels (2ot SB)50ayp EB00YimeBs0a3, HBOWCLacHHafk e AGLAT
plurality of ribs (51) t hrough (58) fornedinthevicinityof the seals
(12a), 5 sug@hdsdinough c&5s) (50a5b) (98k) pr t&faled. (60b) are prpyiggs,
m dportion of each heat transfer plate (P3), (P4) in a | ongitudinal
direction (4 ndeiflirett refirYgetathe ihi dgiree)flow chanpgl mbdl, héBl E€RBnSLer
enhancenent surface (20a), (20b) 24
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 in specific gravitybetweenitsgasandliquidphases.
Accordingtothisembodiment,however,adriftcanbeeffectively
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),
(57), (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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including a plurality of wave-shaped ridges is fornmed. At both

| ongi tudi nal ends of the heat transfer plate, auxiliary heat transfer
enhancenent surfaces (30a), (30b) are fornmed. The auxi liary heat
transfer enhancenment surface (30a), (30b) is 5 formed between the primry
heat transfer enhancenent surface (20a), (20b) and the seals (12a),
(12b) through (15a), (15b). Details of the structure of the seal,
the heat trBAsfBppressednhancenent surface and the drift suppr essi ng rib
set will be descri bed below. 10 -Structure of Seal -

shown in Figure Figuret Belfi asyraphatshowind e gimparison q@ae)vancmaanslém
(12a) surrounding the first opening (2l1a) and the seal (13a)

surroundi ngheht secorfopentrfiiziantriseldtbne to maesfrigmw sraget ovar d
t he back side. On the contrary, the seal 15 (14a) surrounding the third
openi ng (23apfanderhatsefdr (13d)s embodimeptindireyided f oitbh bhenidigi {R24a)
rise fromthe back side toward the front side. On the other hand, as
shown i b Fi guppressing, ribtketsecthithheat(50banst €60a] at e §0Y) , ande el s
(12b), (13b) respectively surrounding the first opening (21b) and the
20 second opéatrgty2ebhentsexthanyehepbackdsd del tlower dlniet fsupmnressingi de.
On the contrary, the seals (14b), (15b) respectively surroundi ng the
third openi ngb( 228l). add tdmn fber sheopdmiomg Ki2Alpe 9, actsedfingmtohediont
si.de toward the back side. Wen the first heat transfer plate (P3) and
t he second amhtdimansferopld¢d 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 (P1), (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 isto say, the inlet andoutlet of each fluid
may be formed to be parallel with each othexr. If 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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25 (P4) are joined together at the raised portions, the second fluid
is prevented fromflowng into the first flow channel (A) defined
between the front face of the-first heat transfer

25 plate (P3) and the back face of the second heat transfer
pl ate (P4) so that the first fluid alone can flow through the first
fl ow channel (A) Likewi se, the first fluid is prevented from fl ow ng
into the sBéaRastfew eharat (Bchdefdated yoprReenwoRELNg . pRbksfmrke oft t he
first heat transfer plate (P3) and the front face of the second heat
transfer ppaséibpg)teorediace tiee peoshigtion cpisti afatbadieain F1BwnIRHUgGh
the second fl ow channel (B). -Structure of Heat Transfer enhancenent
surf ace- The [EilketEabdds aemd 1f luids prreraoy &éaﬂtﬁﬂaﬁgf%ﬁo%@mﬂ:emnt
10 surface (20a), (20b) has a so-called herrlngbone form i ncl udi ng

upwar dl y mgyubme@ltlsectnezﬁrl(@a)am a Faowsar, dt lye ifacisitrantd secongelthyigks (27)
On the other hand, the auxiliary heat transfer enhancenent surface
(30a) df theyfbesnatieaoftaafbitd pheskvime)ne piagenthande dirigrd yhest
upwardly inclined section in which the ridges and

val | eysar eenchiengdupdardlexeomdedt Wartiegholralddnet.hef i gure.

The aspect ratio of the heat transfer plate (P1l) 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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And, the auxiliary heat transfer enhancenent surface (30b) of

t hesecondheattransferplate (P4) is formedof onlyadownwardly I ncl i ned
section i mwhi-ch_the ridges and valleys are inclined 20 downwardly toward
the right hgpd of the figure. As a characteristic of this

enbodi nent , | Lﬂ"#’ transfer enhancenent surface (20a), (20b)
s forned "mm' m& ati o between the |ongitudinal and | ateral
lengths is stbstamially 1. In otHeéIMfrds, the primary heat transfer

25 enhancenent surface (20a), (20b) is formed so that the
| ongi tudinal length is substantially equal to the lateral |ength.
Accordingly, the longitudinal length is snmaller than two tines

26 1. A phetéatypalhdangdrhanger -igt mivitaly @ &l oyt il osusheedsiing
Ri b Set - Next, the structure of the drift suppressing rib set

wi || beéapescrabedcond flow cAsnshdwiB) niEi oraes beitWsendeidiracent
suppressing rib sets (50a) each consisting of eight ribs (51) through
(58) ri'di ngtwo of folamatlheibadkheate: tavafer tdia feoriPlsi B8 aP?, fRA nedhebove
t he first opening (2l1la) of the seal (12a) of the first heat transfer

plate (P3) fahdsbetwav 4deosdchinuv aperimal f 2%e,) Bif aliovsealsperddve first
and second fluids to flow therethrough in a longitudinal
direction of the heat transfer plate (P1, P2; P3, P4) and the
first and second fluids are heat-exchanged with each other via

10 the heat transfer plates (P1, P2; P3, P4),
wherein each of the heat transfer plates (P1, 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 plat.e—type heat exchanger of Claim 1,
wherein each of the heat transfer plates (P1l, 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 éxchanger of Claim 1 or 2,
wherein around an inlet (21a, 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 aplurality 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 respectively. On the other hand, second drift suppressing rib
sets (60a) each consistingof eight ribs (51) through (58) rising from
the front side toward the back.side are fornmed—below-the ___ thirdopening

(23a) of theseal (14a) andabove the fourthope 24a) of the seal
(15a), respectively. 15 Since the dri ftlﬂmfg Eﬂ"”rjﬂ! m,oset s (50a),
(50b) are of symetric configuration, onl f the first
drift suppressing rib set (50a) provided around the first openi ng
(21a) will be described herein. As shown in Figure 7, the first
drift suppréssthg plbtsetyp@0hefBOakxchangenpofef@lefima if prst,ri b (51), a
second rib (52), a third rib (53), a fourth rib (54), a fifthrib
(55), a sixth  whekiein( 56k, ialeevdath, rbe()Si)ldartheamml@I‘tt H22=2b @2®)

provi ded in this order fromthe left to surround the first opening
(21la) - - “&fotmdofers Thepdwratdrryslf (A )bsa x(ed Pyr otvhirdmey H o my:@a:r-@amrm{@e?d 25

substan,l ially radially around the first opening (2la) so as

smoot hl 35 angppasioedys it soslude thkeehéat strddaf el fdladengPl, P2 rm), tBHa
first flow channel (A) through the first opening (21la)

27 " ‘and thd owaed {2®apr2AHrgnledie buaisfer 2 éahtiEnedt tse sfearad

(=0 flow channel (B) areprovided in another cater-cornered opposite
positions of the heat transfer plate (Pl, P2; P3, P4), and
eachof the heat transferplates (P1, P2; P3, P4) isprovided
0 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 (P1, 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
an auxiliaryheat 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
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Speci fically, each of the ribs—(5H—through (58) is inclined W th
respect to the Vertlﬁm the angle [err] forned cl ockwi se
bet ween each rib and ﬂﬁmﬁ ‘”m ectl on gradual | y 5 increases in the
order fromthe first r|b°(51)"tosthe ei ghth rib (58). Each
of the ribs (51) through (58) is forrred so that the | engt hwi se
direction thereof extends substantially radially fronmthe center of the
first openidgspeukynce The thaoS1los pit hheughuiddi(&sying ef wimt férenn iat
| ength from one anot her dependi ng upon t he di stances between their
respective [dtat Rdbs Zdad Hdph toward the priparypedtngr{2d 83 r and anvengnitnar y
heat transfer enhancenent surface (20a). For exanple, the first rib
(51) and thsurfagbe h(20a, 20b) (88)theofildedodt thecdflndds chantehrer nfor dmomhe
first opening 15 (2l1a) and the heat transfer enhancenent surface (20a)
are formed the priigagerheahiiransferf enhahcenbnt3)riroyi(@6d ,a20k) Itoestridon
cl oser to themis forned shorter. Specifically, the length of the rib
is grad®al |thelecuebsed(22at h22by d24afr2abthe first rib (51) to the
fourth rib (54) and gradually increased in the order 20 fromthe fourth
rib (54) to the eighth rib (58). The width of the rib (51)
t hrough (58) is gradually increased in the order fromthe first rib
(51) to thedbfdlin¢ hplabe{bype heataerichandaal by deéedimadedri &,t he order from
the fourth rib (54) tot heeighthrib (58). Accordingly, thefourthrib
(54) located 25whedeay beeweehethé2labs2(b]l) aaddthB8pultdsta (R@&age2lbw dt h,
and the first rib (51) and the eighth rib (58) |ocated at both ends
of the first flow channel (A) are provided in cater—-cornered

10 opposite positions of the heat transfer plate (P1, P2; P3, P4)
and the inlet (23a, 23b) and the outlet (24a, 24b) of the second
flowchannel (B) areprovided in another cater-cornered opposite
positions of the heat transfer plate (P1, P2; P3, P4), and

eachof theheat transferplates {P1, P2; P3, P4) isprovided

15 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

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 (P1, P2; P3,
P4);

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

25 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
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have a.smallest width. In other words, the width of the rib

28 Is large at the mdpoint close to an inmaginary line M
connecti ng the first opening (2l1a) with the second opening (22a) and —
S smal | at both the ends far fromthe inmaginary |i

The interval s between respective adjacent two of the ri bs,m,mlmlg’w”luﬂﬂmgh
(58) are set irregularly taking into account flow characte i

t he two- phaskefheat Thahsifertplsag, (Phe P2; PLuP4li;ty of ribs (51) through
(58) are arranged at irregul ar intervals so that the refrigerant

f1 owi ng therei nt an austWor hyakeat trarsofud ehbancsnentroduizate (APReEADY it o
the primary heat transfer 10 enhancenent surface (20a) . Specifically, at
a location wbemed betwdde thef segesalit2d sheasyght b5H) avf theréat & farghiathe
first opening (21a) such as the m dpoint between the ribs (51) and
(58), the platkntrer,veR; m3 weeh drethiehsrisasyalelat Onatsite ntendranvamentat

| ocations where the refrigerant is hard to flow thereinto from 15 the
first offeni sgrfada) (el axowot hfendenhthe inat draeti decherge by giwing bs

is large. Wth this arrangenent, the plurality of ribs (51) through
(58) can ingigdueBadckatgethantiow off thef figédadivergingofrém phe nerdetheat
transfer enhancenent surface (20a) at the | ocati onswher et herefri gerant

i shardto fl @piagpdednZs4 | 8bY) toward the primary heat transfer enhancement
surface (20a, 20b) or the flow of the fluid converging from
theprimaryheattransferenhancementsurface(20a,20b)toward

10 the outlet (22a, 22b, 24a, 24b); and
a plurality of ribs (51 through 58), formed around each
of the inlets (21a, 21b, 23a, 23b), for introducing the fluid
flowing from each of the inlets (21la, 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 irregular 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
725 the first flow channel (A) and the second fluid flowing through
the second flowchannel (B) isa fluid forprovidingheat exchange

involving a phase change.
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20 can suppress an excessive flow of refrigerant at the |ocation

where the refrigerant is easy to flow, thereby suppressing a drift.
Furthernore, a valley between the seventh rib (57) and the eighth rib
(58) is formed at the largest interval since the refrigerant is |east
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 ri BBEIRAGQE0a), (60a) of the

29 first heat transfer plate (P3), and other structures are

t he sane. - Heat Exchange Operati on- As shown in solid

arrows in Figure 1 |like Enbodinent 1, 5 a first refrigerant in
| ow-t enper at ur e Japlbtgquitdrewbepliaggschangecondi tiomus thduewsed Mo pddcindofa t he

first flow channels (A A ...) fromthe first inlet pipe (4) through
the first imiwoalspacef heat t8pnshert héatese (PBhehdving arfasmsrantatio

uni formy introduced to the heat transfer enhancenent surface (20a),
(20b) by t he= (1ongdrtivfdinsdppergth N )ni/k lsdte {aB0AengtBOK) ).) Of X He. otlfner
hand, a second refrigerant in high-tenperature gas condition flows
into heat transfer plate (P3) is formed of a substantially planar

plate in rectangular shape and has wave-shaped heat transfer
enhancement surfaces (20a), (30a) formed on its surfaces. The
four corners of the heat transfer plate, i.e., the lower left
_fﬂ corner, the upper right corner, the upper left corner and the
lower right corner, are formed with a first opening (21a) as
an inlet of a first flow channel, a second opening (22a) as
an outlet of the first flow channel, a third opening (23a) as
an inlet of a second flow channel and a fourth opening (24a)
15 as an outlet of the second flow channel, respectively. Around
the openings (21a) through (24a), respective seals {12a) through
(15a) are provided to rise toward the front side or the back
side of the heat transfer plate. Eachof the seals (12a) through
(15a) is provided with a plurality of ribs (51) through (57)

20 for suppressing a drift of refrigerant in the flow channel.
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the second flow channels (B, B, ...) fromthe second inlet pipe (6)
t hrough the secondi nfl owspace (10). At the tinme, the second

refrigerant is also introduced-unifornmy to the heat transfer 15
enhancenment surface (20a), (20b) by the drift suppressing rib set
(60a), (60b). The first refrigerant flow ng through the first
fl ow channel (A) is heat-exchanged wilfl@ he second refrigerant

fl ow ng through the second flow channel (B) via the heat transfer 20
plate (P3), (P4). As aresult, the first refrigerant is evapor at ed
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 outfl ow space On the other hand, the second
refrigerant condensed in |i¢gd¥—25 Yendlition flows out fromthe second

outlet pipe (7) through? re—ecorEoulf | ow space (11). -Effects
of Enbodi ment 2- .- 30
| f the aspect ratio of tWeg J g “/plate (P3), (P4) is

decreased, this nmay caug grioration in heat

exchange

Fig. 1




channels (A), (B) . In Enbodi nent 2, however, since the drift 5

suppressing rib sets (50a), (50b), (60a), (60b) are provided, 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 in gas-124L0 d two-phase condi tion
easily causes a drift in the flow channel due to difference in
specific gravitybetween its gas and gpﬁggf 22ases. According to this
enbodi nent, however, a drift can be ef fetti vely suppr essed.

Therefore, the fluid flowing in gas-liquid 15 two-phase condition

can be well heat-exchanged. F hernmore, since the plurality of
ribs (51) through (58) constitutin he drift suppressing rib set
(50a), (SOn), (60a), (60b) are arranged at such irregular intervals

that the interval %4 between the ribs (53) through {28y i nternedi ate the
ends of 20 the ri g%t i s narrower than that betweed The ribs-@5%%, (52),
(57), (58) closer to the ggeks g SISO he | ow

path for the flui{d at ¥4 of tihe rib
set i s narrower TTeNE :L_Lge | gcati ons
closer to the ends are| |6t Pde fil ow of

the fluid at the interjed
fluid at the | ocationsj|
fluid can securely

w of the
t of the

207
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be suppressed. Figure 9 is a graph showi ng a conpari son of
evaporation heat transfer coefficient relative to mass flow rate of
refrigerant for this enbodi mnent provided with the drift 5 suppressing rib
sets (50a), (50b), (60a), (60b) and the pl ate-type heat exchanger
provided with no drift suppressing rib set. As can be seen from
Figure 9, according to this enbodi nren3/ i ovi ded with the drift
suppressing rib sets (50a), (50b), (60a), (60b), the evaporation heat
transfer coefficient 10 is increased by about 10% as conpared with the

pl ate-type heat exchanger provided witlh no drift suppressing rib set.
O her Enbodi nents The forej%ilng.e odi nents use a manner in which
the first 15 and second fluids flow al ong the diagonal of the heat
transfer plate (P1), (P2), (P3), (P4). The manner in which each fluid
flows, however, is not limted to the abovemanner. For exanple, as
shown in Figure 8, the first opening (2 2and the third opening (23)
may be used as an inlet and outlet of tagﬁfirst fluid, 20 respectively,
and the second opening (22) and the fourth opening (24) may be used as
an inlet and outletlgﬂjthe second fl uid, 29
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respectively. That is to say, the inlet and outlet of each fluid may
be formed to be parallel with each other. If such a manner IS
uti'lized, a plate-type heat exchanger can be constructed 25 by sinply
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 trangfey

32 pl ates for the heat exchanger by press working. This nake
it possi ble to reduce the production cost of the heat exchanger.

The first and second fluids are not limted to R4O7C and maybe ot her
refrigerants. Further, the first and.second fluids 5 may be nmade of a
fluid involving no phase change duri ]hggt exchange, for exanple,
wat er or brine. The aspect ratio of the heat transfer plate (Pl)
t hr ough (P4) is not limted to 1.5 and may be at any value of 2 or

| ess. 10 Industrial Applicability As described so far, the

present invention is useful as a heat ex r i di tioning
systens, refrigerating systens, ch ||.ngﬁ§§@824§§gﬁI@L3Aﬁ£§e.
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and second fluids to flow therethrough in a I ongitudinal direction of
the heat transfer plate (P1, P2; P3, P4) and the first and second
fluids are heat-exchanged with.each other via 10 the heat transfer plates
(P1, P2; P3, P4), wherein each of the heat transfer plates (P1,
P2; P3, P4) is formed so that a longitudinal length (L) thereof is
equal to or smaller than two tinmes a 6At@ral length (W thereof. 15
2. The plate-type heat exchanger of Caiml, wherein each of the
heat transfer plates (P1, P2; P3, P4) is formed so that the
| ongi tudi nal length (L) thereof is niﬂ‘ ! smal l er than the lateral length
(W thereof and not |arger than tJo(gti s the lateral length (W. 20
3. The plate-type heat exchanger of aim1l or 2, wher ei n around
an inlet (2la, 21b, 23a, 23b) of the at | east one flow channel (A, B)
forned:.i.n each of the heat transfer plates (P1, P2, P3, P4), a drift
suppreéssitng rib set (50a, 50b, 25 6 60b) includingapluralityof ribs
(51 th’{ipy:gh58) is forned to intr ce the fl Lg%'(g)?fromthe inlet (21a,
21b, 23a, 23b) uni&%rMy into the flow chagﬁe A B).
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4. The, pl ate-type heat exchanger of Claim1l or 2, wherein the
inlet (21a, 21b) and the outlet (22a, 22b) of the first flow channel
(A) are provided in cater-cornered 5 opposite positions of the heat
transfer plate (P1, P2; P3, P4) and the inlet (23a, 23b) and the

outl et (24a, 24b) of the second fl ow channel (B) are provided in

anot her cater-cornered opposite posi t7Ois of the heat transfer plate
(P1, P2; P3, P4), and eachof theheattransferplates (P11, P2; P3,
P4) isprovided 10 wth: seals (12a through 15b), fornmed to
surround the inlet (21a, 21b, 23a, 23b) and the outlet (22a, 22b, 24a,
24b) of each of the fl ow channeks-.(A &) and rise on the front side or
back side of the heat transfer E?aag.( 1, P2; P3, P4), for preventing
15 the first and second fluids fromflowing into the second fl ow

channel (B) and the first flow channel (A), respectively, by engagi ng
one of the adjacent heat transfer plates (Pl, P2; P3, P4) ; a
primary heat transfer enhancenent surface (20a, 20b), 20 fornmed in a

| ongi tudi nal m dportion of the heat transfer plate (P1, P2; P3, P4),
for enhanci ng heat exchange by giving di sturbance to the flow of each
fluid vertically flow ng on the heat transfer plate (Pl1, P2; P3, P4);
and




anauxiliaryheat transfer enhancenent surface (30a, 30b), 25 forned

between the seals (12a through 15b) of the heat transfer plate (P31,

P2; P3, P4) and the primaryheat transfer enhancenent surface (20a,
20b), for enhanci ng heat exchange by giving

35 di sturbance to the flow of the fluid diverging fromthe

i nl et (21a, 21b, 23a, 23b) towardt he@®/lfaryheat transfer enhancement
surface (20a, 20b) or the flow of the fluid converging from t he
primary heat transfer enhancenent surface (20a, 20b) toward 5 the outl et
(22a, 22b, 24a, 24b). 5. The pl ate-type heat exchanger of Claim1l or
2 wherein the inlet (21la, 21b) and the outlet (22a, 22b) of

the first flow channel (A) are provided in cater-cornered 10 opposite
positians of the heat transfang P2, P3, P4) and the inlet
(23a, 23b) and the outleb ( ¢ second fl ow channel (B)
are provi:ded in another caygr [ _ positions of the heat
transfer -plate (Pl1, P2; P3 eachof the heat

transferpl ates (P1, P2; P 15 with:
t hrough 15b), forned to ¢

seals (12a




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 (Pl1, P2; P3, P4), for preventing 20 the first and second
fluids fromflowing into the second fl ow channel (B) and the first

fl ow channel (A), respectively, by engagi ng one of the adjacent heat
transfer plates (P1, P2; P3, P4) ; 9/10 a primary heat transfer
enhancenent surface (20a, 20b), 25 formed in a |ongitudinal mdportion of
the heat transfer plate (P1, P2; P3, P4), for enhanci ng heat exchange
by gi ving di sturbance to the flow of each fluid vertically flow ng on
36 the heat transfer plate (Pl1, P2; P3, P4);

anauxi |l i aryheat transfer enhancenent surface (30a, 30b), f or med

bet ween the seals (12a through 15b) of the heat transfer plate (P1,

P2; P3, P4) and the prinmaryheat transferf%gﬁqu@nent 5 surface (20a,
20b), for enhanci ng heat exchange by giving di sturbance to the fl ow of
the fluid - diverging fromthe inlet (21a, 21b, 23a, 23b) towardthe

pri maryheat transfer enhancenent surface (20a, 20b) or the flow of the
fluid converging from
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t hepri-maryheat transferenhancenent 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 flowng fromeach of the inlets (21la, 21b, 23a, 23b)
uniformy in respective predetermned directions. 15 6. The

pl at e-type heat exchanger of Caim 3, 10/10 wherein the plurality of
ribs (51 through 58) are arranged at irregular intervals so that an

i nterval between the ribs (53 through 56) internediate 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 pl ate-type heat exchanger of
Claim1, wherei n at Ieast one of the first fluid flow ng through
25 the first flowsgharrg f|UId fl ow ng through

t he second fl ow cHanng o
i nvol vi ng a phase “

-
-

Fig. 10




