Office de la Propriete Canadian CA 2075686 C 2003/02/11

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 075 686
g'rn(c)iL%?r?(iesgaenada ﬁrgijgt?;%/aﬁ;da (12) BREVET CANADIEN
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 1992/08/10 (51) CL.Int.>/Int.C1.° F25B 39/02

(41) Mise a la disp. pub./Open to Public Insp.: 1993/10/04 (72) Inventeurs/Inventors:

. _ OKUDA, NOBUYUKI, JP;
(45) Date de délivrance/lssue Date: 2003/02/11 KOJIMA MASAHIRO. JP

(30) Priorites/Priorities: 1992/04/03 (4-82467) JP;
1992/05/22 (4-131153) JP

(73) Proprietaire/Owner:
SHOWA DENKO K.K., JP

(74) Agent: MARKS & CLERK

(54) Titre : EVAPORATEUR
54) Title: STACK TYPE EVAPORATOR

/a

i,

000000

(57) Abrége/Abstract:
A stack type evaporator comprises tubular elements 1 each having a plurality of inwardly protruding recessed ribs 7 which

extend from an upper header portion 1a of the element to a lower header portion 1b, with the ribs serving as straight drain canals
/a. A hydrophilic resin coating of a specific composition covers the outer surfaces of the tubular elements 1 and fins 2 each
Interposed between two adjacent tubular elements. The combination of straight drain canals with the specific hydrophilic resin
coating Is effective to facilitate the drainage of condensed water so that the waterdrops are perfectly prevented from flying out of
the evaporator, and that any stinking mold or mildew Is not permitted to grow within a reduced amount of remaining adherent
water. Also, the hydrophilic coating itself does not emit any unpleasant smell which has been inevitable to the prior art water

glass coating, thus an air-conditioned environment always remains comfortable.
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ABSTRACT OF THE DISCLOSURE
RO S666

A stack type evaporator comprises tubular elements 1
each having a plurality of inwardly protruding recessed
ribs 7 which extend from an upper header portion 1a of the
element to a lower header portion b, with the ribs serving
as stralght drain canals 7a. A hydrophilic resin coating
of a specific composition covers the outer surfaces of the
tubular elements 1 and fins 2 each interposed between two
adjacent tﬁbular elements. The combination of straight
drain canals with the specific hyd£0philic resin coating
is effective to facilitate the drainage of condensed water
SO éhat the waterdrops are perfectly prevented from flving
out of the evaporator, and that any stinking mold or mildew
is not‘permitted Lo grow within a reduced amount of remaining
adherent water. Also, the hydrophilic coating itself does
not emit any unpleasant smell which has been inevitable

Lo the prior art water glass coating, thus an air-conditioned

environment always remains comfortable.
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STACK TYPE EVAPORATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an evaporator for use
ln a car air conditioner, and more particularly relates
to a stack type evaporator which';s improved nbt to cause
the condensed waterdrop to fly and to be freé from the
problem of bad smell.

2. Description of the Prior Art

The stack type evaporators of this kind usually com-
prise plate-like tubular elements each composed of a pair
of dish-like core plates 60 as shown in Fig. 11. These
core plates face'one aﬁother and are adjoined at their peri-
pheries 60a. - Such tubular elements are stacked side by
side in the direction of thickness, with fin members each
being interposed‘between.theadjaceﬁt'tubular elements,
An inlet and Outiet header portions 60b and 60c are formed 
at an end of eacﬁ tubular element_to;form a coolant flow

path. A coolant flowing through the inlet header portion

" 60b into the flow path in the tubular element will travel

towards another end thereof,'and makes one U-turn before

coming back:into the outlet header portion 60c. These

tubular elements thus build the "one-sided header" stack

Cype evaporator which are employed widely in this field.
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The "one-sided header" structure is somewhat disadvan-
tageous in that due to the U-turn which the coolant makes,
it cannot flow evenly through the tubular elements but [lows
in an offset manner. This will inevitably reduce the
effective heat transfer area of each tubular element.

Therefore, another type of evaporator which is of the
"Woth-sided header" structure has been proposed and used
in certa;nﬁcases. This evaporator comprises the tubular
element each having the inlet header portion at its one
end and the outlet header portion at its other end.

‘The prior art stack type evaporators, whether of the
one-sided or both-side structure, employ such recessed ribs
70 which are distributed over each core plate 60 as shown
in Fig. 11. Those ribs are intended to render turbulent
the coolant stream within the tubular elements so as to
improve the heat transfer. In detail, many recessed ribs
70 protrude inwardly of two dish-like core plates'60 which
are secured one to another at their peripheries to construct
each tubular element ( see for example Japanese Utility
Model Publication Sho. 56-6847 and ibid. 63-33100 ).

However in use of those stack type evaporators, water
which is condensed on the surfaces of the tubular elements
and fin members will stay within the recessed ribs 70.

An angle of contact ( hereinafter simply referred to as
"contact angle" ) of each waterdrop and the surface of
tubular element or fin member, to which the water drop

sticks, is so large as making it difficult to smoothly drain
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the condensed water. As a result the condensed water
staying within air paths,'which are each formed between
the tubular elements and through the fin member interposed
therebetween, will be scattered to fly into an automobile
compartment to thereby spoil the air-conditioned comfort-
ableness thereof. Further, the air paths get mildewed
due to the sticking condensed water, and a bad smell of
mildew o; mold will render unpleasant the air stream which
may unintentionally flow into the compartment.

A prior art inventioﬁ disclosed on the Japanese Patent
Pub;ication Sho. 60-45776 was made to resolve such a problem.
Acc&rding to this proposal, the tubular elements and fin
members are covered with a hydrophilic surface coating.

The hydroPhilic coating reduces the contact angle between
the surface of tubular element or fin member and the water-
drop. Consequently, the condensed water forms on the
surfaces a thin layer which will decrease the air flow
resistance along the surface, and the thin layer does not
stay thereon but is drained smoothly to resolve the pro-
blem of flying waterdrop.

| As described in the Patent Publication Sho. 60-45776,

a water glass-based coating has been preferred as the hydro-~

philic coating. ‘A smell inherent in this water glass

~coating itself is however not pleasant, and spoils the

air-conditioned automobile cabin into which the outer air

stream inevitably flows. Thus, such a prior art coating

is not free from an essential problem.

~3-
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Another Japanese Patent Publication Sho. 61-339589 or

Patent Laying-open Gazette Hei. 3-49944 discloses, on the

other hand, another proposal which employs a polyamide resin
as the component of hydrophilic coating in place of the

water glass. Although polyamide resin coating does not

emit such a bad smell as water glass, it fails to cause
the adherent water to form a sufficiently thin layer.
Thus, the gir flow resistance through the evaporator is
comparatively high,.thg condensed water is difficult to
drain, and the problem of waterdr;b flying is not resolved.

On the other hand,iit must be noted of a certain drawback
cau;ed by the recessed ribs. Even if the adherent state
and flowability of condensed water were improved with the
hydrophilic coating of the outer surface of the evaporator,
the condensed water stays in the outer recesses of the ribs
70 which are formed separately in a scattered manner over
the outer surface of each tubular element. Drainage of
condensed water is not improved to a satisfactory degree,
and the waterdrop flying and other secondary problems remaln
unresolved. Further, due to the staying condensed water,
the tubular elements are likely to get mildewed. The
mold or mildew will give off a bad smell into an automobile
cabin and makes it unpleasant.

Therefore, the present applicant has proposed in 1ts
Japanese Patent Application Hei. 1-223685 ( see Patent
Laving-open Gazette Hei. 3-87595 ), not to rely upon any

hydrophilic coating, but to give the tubular elements
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a revised shape such that the drainage of condensed water
1s improved to prevent the waterdrop from flying and the

bad smell is shut out.

According to this prior art structure of the evaporator,

each tubular element is formed with a plurality of recessed

ribs. Those ribs extend straight and in parallel with
one another from an upper header portion to a lower header

portion of said element. Because such ribs do function

as draiﬁage canals, the condensed water flows downwards

to be discharged from the lower hegder portion. Thus,
the condensed water sticking to the surface of tubular
elements is removed smoothly through the recessed ribs,
pro%iding an improved property of "water repelling".

In the condenser of this type, corrugated fins are each

interposed between two adjacent tubular elements and are

so highly water-bearing that the condensed water cannot

move readily from the fins onto the recessed ribs on tubular

elements. Although the condensed water on the fins at
their outer regions or outer ends adjoined to the tubular
elements will readily move onto the latter and into their
recessed ribs,'the condensed water present deep in concaves
of the corrugated fins will tend to stay there due to a
strong surface tension. In other words, some fractions
of the condensed water on the fins are not necessarily

removed through the recessed ribs of the tubular elements.

As a result, the drainage of condensed water remains
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resolve the problems of waterdrop flying and bad smell,

which is emitted for example from the mold in the remaining

and sticking water.

It may be natural to employ the hydrophilic coating
composed of water glass or synthetic resin also for the
tubular elements which are formed with the straight recessed
ribs serving as the improved drainage canals.

Howe;er it will not be possible here too to avoid the
already described problem‘that on_one hand the water glass
hydrophilc coating is unpreferable due to its stinking smell,
and on the other hand the prior'art resin coating cannot
improve the adherent state and flowability of the condensed
water. The condensed water will not move smoothly to
such recessed ribs even though they are of the shape of
straight drain canals, thus rendering the drainage unsatis-

factory and failing to resolve the problem of waterdrop

flving.

OBJECTS AND SUMMARY OF THE INVENTION
An object of the present invention, which has been made
to resolve the problems inherent in the prior art evapo-
rators, is therefore to provide a novel stack type evaporator
which neither causes the waterdrop flying, nor emits bad
smell, so that it can be used advantageously in air-condi-
tioning apparatuses.

The present inventors have carried out their research

-
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and studles to improve the stack type evaporator, which
was already proposed by them to comprise tubular elements
having vertical recessed ribs as summarized hereinbefore,

in such a manner that the recessed ribs can function as

more effective straight canals for draining the condensed

water. As a result of such research, the inventors have
found a fact that a hydrophilic resin coating on the surface
of tubular elements must be formed of a particular resin
composifiop such that the contact angle thereof falls within
a specific range.

Thus, a stack type e&aporator is provided herein'which
comprises tubular elements.fofmed with a plurality of re-
ceséed ribs serving as straight drain canals and extending
betwegn an upper and lower header portions of each tubular
element, in such a state that the condensed water is gulded
along the ribs towards the lower header portion so as to
be discharged.out of the tubular element. . In addition
to this feature, the evaporator in this invention further
comprises a specific hydrophilic resin coating which 1s
free from bad smell and covers both the surfaces of each
fin and each tubular element, whereby the condensed water
is readily transferred from the fin onto the tubular element
and smoothly moves from a flat surface thereof into the
outer recess of each rib,

In detall, the object of the present invention is
achieved by a stack type evaporator which comprises: a

plurality of platewlike tubular elements each composed of

-7
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a palr of facing dish-like core plates which are adjoined
one to another at their peripheries so as to define a coolant
path therebetween; a plurality of radiating fins each inter-
posed between the two adjacent tubular elements which are
stacked side by side in the direction of their thickness:
an upper and lower header portions respectively formed at
an upper and lower ends of each tubular element, with the
header pgrtions being connected to the other corresponding
header portions so as to unite the tubular elements to form
the evaporator; a plurality of recessed ribs protruding
inwardly from each core plate and extending vertically in
paréllel with one another from the upper header portion
towards the lower header portion, wherein an inner end of

each rib of one core plate faces and is bonded to a flat

portion between the ribs of the other core plate, and wherein

the coolant path formed through each tubular element is
divided by the ribéintota_plurality of discrete unit paths
extending between the upper and lower header portions, each
tubular element has on its outer surfaces a plurality of
straight drainage grooves also extending between the upper
and lower header portions, and a hydrophilic resin coating
which covers the outer surfaces of each tubular element

and each radiating fin is composed of a main component and
a hydrophilic agent, with the main component being a
polyvinyl alcohol resin, and the hydrophilic agent being

a polyamide and/or polyvinyl pyrrolidoﬁe resins.

Alternatively, the object of the present invention may
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one to another at their peripheries so as to define a coolant

path therebetween; a plurality of radiating f£ins each inter-
posed between the two adjacent tubular elements which are
stacked side by side in the direction of their thickness;
an uppef'qnd lower header portions respectively formed at
an upperx and lower ends of each tgbular element, with the
header portions being connected to the other corresponding
header portions so as to unite the tubular elements to form
the-evaporator; a plurality of recessed ribs protruding
inwardly from each core plate and extending vertically in
parallel with one another from the upper header portion
towards the lower header portion, wherein an inner end of
each rib of one core plate faces and is bonded to a flat
portion between the ribs of the other core plate, and wherein
the coolant path formed‘thrédgh each ‘tubular element is
divided by the ribs into a plurality of discrete unit paths
extending between the upper and lower header portions, each
Cubular element has on its outer surfaces a plurality of
straight drainage grooves also extending between the upper
and lower header portions, and a hydrophilic resin coating
which covers the outer surfaces of each tubular element

and each radiating fin, with the resin coating having a
contact angle 0 falling within a range of about 5° to 20°.

In addition to polyvinyl alcohol resin as the main
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coating may preferably contain further ingredients including

a film hardener, a surface active agent ( hereinafter

referred to as "surfactant" ), and a microbicide such as

an antibacterial agent, a bactericide or a mold-suppressing
agent which inhibit ény bad smelling mold or mildew to grow
on the surfaces of evaporator.

A‘dééirable recipe of such a resin coating includes:
30 - 65 parts by weight of polyviqyl alcohol resin as the
main component; 20 - 65 parts by weight of polyamide and/or
polyvinyl pyrrolidone resins as the hydrophilic agent; 1
~ 15 parts by weight of the film hardener; 0.1 - 2.0 parts

by weight of the surfactant; and 3 ~ 30 parts by weight

- of the microbicide.

Although either polyamide alone or polyvinyl pyrrolidone
resin alone suffices as the hydrophilic ageht, a mixed solu-
tion of them is more deéirable..

The film hafdéﬁer may eithef be a phenolic resin or
a polyurea resin, though the former is less stinking and

therefore more preferable.

A preferable surfactant is a nonionic surface active

agent.

The appropriate microbicides include: bis-(2-pyridyl-
thio)-zinc 1,1'-diphoxide; methyl benzimidazole carbamate:

and 2-(4~thiazolvl)~1H-benzimidazole.
The contact angle 6 of the hydrophilic resin coating

is an important factor in the present invention. An angle

-10-=
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less than 5° causes the condensed water to be excessively
édherent to the surfaces of tubular elements and fins, where-
as a greater angle above 20° undesirably renders the con-
densed water to be unadherent but less mobile with regard

to the straight drain canals. In these caées, the straight
canals will fail to fully function as the drainage canals.
Therefore, the contact angle § should be 5° - 20°, and more
desirably 7° to 13°.

The iﬁwardly protruding recessed ribs provide the
straight drain canals which must,,gor better drainage, Dbe
designed such that their canal width "W", canal depth "D"
and canal pitch "P" are included respectively in ranges
given below., Also, an area ratio (%) of the canals to an
entire surface area of each core plate, from which the area
of expanded portions located on both sides of said core
plate is subtracted, should fall within a range given below.

The canal width "W" is from 1 - 3 mm, or more preferably

1.3 - 2.4 mn.

The canal depth "D" is from 1 - 2.5 mm, or more prefer-

ably 1.5 - 2.1 mm.

The canal pitch "P" is from 7 - 14 mm, or more prefer-

ably 8 - 11 mm.

The area ratio (%) of the canals is 5 - 40 %, or more

preferably 15 - 25 %.

It will be understood that the recessed ribs protruding

inwardly ¢f each tubular element and extending from its

upper header portion to lower header portion are advantageous

-l -
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in that any amount of condensed water on the tubular elements
and fin members smoothly flows aloﬁg the ribs towards out-

side, Then, the condensed water will quickly leave the

evaporator, without causing any problem of waterdrop flying.

The hydrophilic resin coating, which covers the outer
surfaces of the tubular elements and fin members and com-
prises polyvinyl alcohol resin as main component as well
as polyagide and/or polyvinyl pyrrolidone resins as the
hydrophilic agent, does not emit any bad smell which has
been unavoidable in the water glass coating. Besides,
the.resin coating of the specific composition in the present
invéntion advantageously cooperates with the inwardly Pro-—
truding recessed ribs, i.e., the straight drain canals,
to enhance a water-repelling property to facilitate the
drainage of condensed water. Thus, the problem of water~

drop flying is more completely avoided in the evaporator

provided by thé”invention.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more apparent from
embodiments described referring tQ the accompanyipg drawings:
in which,
Fig. 1 is a plan view of a core plate constituting an
evaporator in an embodiment, seen from the side of unit

coolant paths;

Fig. 2 1s an enlarged cross-sectional view taken along

the line 2 - 2 in Fig. 1;

~-12-
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Fig. 3 1s another enlarged cross-~sectional view taken

along the line " 3. - 3  in Fig. 1;
Fig. 4A is a further enlarged cross-sectional view taken

f

Fig. 4B is a still further enlarged cross-sectional

view taken along the line 5 - 5 in Fig. 1;

!

Fig. 5 1s an enlarged cross-sectional view of a tubular
element{é portion including and adjacent to a header portion;
Fig, 6 is a perspective View.ghowing a section of the
evaporator, in its state separateé from remaining portions

thereof;

‘Fig. 7 1s a front elevation showing the evaporator in
its egtirety;

Fig. 8 1llustrates a coolant flow;

Fig. 9 1s a plan view of a core plate which forms a
partition disposed in the header portion:

Fig. 10 i1s an gnlérgea Crosg seétion taken élong the
line 10~ 10 in Flg 9;

Fig. 11 is a plan view of the prior art core plate,
seen from the side of a unit coolant path formed therein;

Fig. 12 is a graph showing a relationship between an
"area" ratio (%) and an "amount" ratio (%) of water retained
on the core plate 6 wherein the "area" ratio is a ratio
of area of straight drain canals to an entire surface area

of the core plate, from which both side expanded portions

are subtracted; and the "amount'" ratio is a ratio of the

retained water amount to an outer surface area of the core

-13-~
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plate in contact with air, and is given in % by taking as
a standard ( i.e., 100 ) a value for a case in which no

canals are formed on the core plate:

Fig. 13 is a graph showing a relationship between a

cooling capacity and a coolant pressure at an outlet:

Fig. 14 is a graph showing a relationship between a

coolant flow resistance and a coolant flow rate; and

Fig. 15 1is a graph showing a relationship between an

ailr flow resistance and an air flow rate.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the invention which are applied to a
stack.type evaporator made of aluminum or its alloys for
use 1in a car air-conditioner will now be described in detail.
As shown in Fig. 7 in its entirety,vthe evaporator com-
prises a plurality of plate-~like tubular elements 1 which
are disposed upright and.stacked slde by side. The evapo-

rator also comprises corrugated fin members 2, most of which

are interposed between two adjacent tubular elements 1,
with the other ones being disposed outside the outer-most
tubular elements 1. The corrugated fin members 2 are brazed
to the tubular elements so as to be integral therewith.

Each tubular element 1 is, as shown in Figs. 1 to 7,
provided with an upper and lower header portions 1a and
1b which are bulky and disposed respectively at opposite
ends in a longitudinal direction of the element. Unit

coolant paths 1c¢ extending longitudinally of the element

-14-
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1 are formed intermediate between and in fluid communication
with the header portions 1a and 1b, the unit coolant paths
1c constituting as a whole a flat coolant path. The
adjacent tubular elements 1 are tightly combined one with
another at their header portions 1a and 1b, which portions
are connected in fluid communication with each other through
coolant-flowing Openings 14.

Each tubular element 1 is made by arranging two dish-
Like coré'plates 6 into an inside-to-inside relation and
by subseguently brazing them at their peripheries 6a to
be integral with each other. The core plates 6 are manu-
factured by the pressing of a brazing sheet which comprises
a cofe sheet having its front and back surfaces covered
with a brazing agent layer. The brazing agent layer is
applied by the cladding technigque so that the core plates
6 are easily brazed together and also brazed to the adjacent
corrugated fins 2.

End portions of each core plate 6,'e20ept for outer
core plates 6 constiﬁutiﬁg fhe outermost tubular elements
1, respectivgly protrude outwardly to provide expanded
portions 9. Each outer core plate 6 has, as shown in
Fig. 6, both ends formed flat and comprising three coolant-
flowing openings 1d arrénged in a transverse direction.

Three other coolant-flowing openings 1d pierce a ridge
of each expanded portion transversely of the core plate,
so that the header portions of adjacent tubular elements

1 communicate with each other. However, as shown in Fig.

~15w
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7 illustrating an entirety of this evaporator, there are
no such openings 1d through the contacting side walls of

kpanded portions 9 which belong to the lower header portions

1b of the fifth and sixth tubular elements 1, counted from

the right end. Also, there are not provided such openings
1d through contacting side walls of eXpanded portions belong-
ing to the upper header portions 1a of the tenth and eleventh
tubular elements 1. Similarly, there are no such openings
1d through the contacting side wa}ls of expanded portions

9 which belong to the lower headéf portions 1b of the fif-
teenth and sixteenth tubular elements 1. Those side walls
of éxpanded portions which are not pierced by any openings
do function as partitions disposed between the adjacent

expanded portions.

As shown in Fig. 7, each corrugated fin 2 is interposed

between the adjacent tubular elements 1, which'are brazed
together in this state due to the brazing agent layer men-
tioned above. A codlant inlet pipe 3 is connected to

the lower header portion 1b of right-~hand 5u£ermost tubular
element 1, in fluid communication therewith. A coolant
outlet pipe 4 is connected likewise to the lower header

portion 1b of left-hand outermost tubular element 1, also

in fluid communication therewith.
Due to the partitions mentioned above, the coolant en-
tering the evaporator through the inlet pipe 3 is caused

to advance in a zigzag pattern, as shown in Fig. 8, changing

1ts flow direction at every boundary between adjacent groups

-1 6~
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of the tubular elements, before the coolant leaves the eva-
porator through the outlet pipe 4. Thus, heat exchange

is effected between the coolant flowing in this way and

alr streams passing through air paths, each air path being

formed in a gap between the adjacent tubular elements and

including the intervening fin member 2. The reference
numeral 5 in Figs. 6 and 7 denotes a side plate disposed
outside'£he outermost corrugated fin member.

The "groups" in this embodimegt comprise the same number
of the tubular elements 1, whereby an excellent property
of heat exchange is enhanced to the evaporator. However,
the‘total number of the tubular elements may occasionally
make 1t impossible to divide them into the groups of even
number of constituent tubular elements. In a case wherein
the inlet and outlet pipes 3 and 4 are connected to the
lower portions of the ocutermost tubular elements, despite
the uneven numbers of said elements in the groups, it is
desirable to constituﬁe one of the groups connected to the
inlet with a larger number of said elements than the other
groups. There may be another case in which it is desirable
to increase the number of tubular eléments progressively
from the group for the inlet towards the other group for
the outlet. Details will be decided in such a case to
gradually increase the substantial cross-sectional area
of the coolant path towards the outlet, taking into account
the total number of said elements, the number of U-turns

made by coolant, the positions where the inlet pipe 3 and
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outlet pipe 4 are connected to the evaporator body, or other

conditions, In other words, the most desirable grouping

of the tubular elements should be employved in consideration

of all the relevant conditions.

As shown in Figs. 1, 3 and 6, recessed ribs 7 are formed

on an innexr surface of each core plate 6, between its two
expanded portions 9, and at regular intervals transversely
of the core plate, The positions of recessed ribs are
however éffset transversely towards one of longitudinal
sides of said core plate. The igwardly protruding recessed
ribs 7 which extend straight from one expanded portion S

to the other one will function as straight drain qanals,

as will be detailed later. A couple of two core plates

6 having the ribs 7 are brought into close contact and are
brazed at their peripheries 6a integral with one another.

As seen in Figs. 1 and 3, the ribs 7 of one core plate 6
shown by rigid lines and those of the other core plate shown
by phantom lines alternate with each other. ~ Inner end
surfaces of the ribs 7 of one core plate 6 tightly engage
with and are brazed to flat portions 8 between two adjacent
ribs 7 of the other core plate, whereby a plurality of unit
coolant @aths 1e are defined straight from the delivery
header portion 1b to the return header portion la within
the coolant flow path 1c¢c of each tubular element 1. Thus,
straight drain canals 7a are defined by the inwardly pro-
truding recessed ribs 7. For the purpose of improving

the drainage of condensed water and in view of other re-

~18—
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quirements, it is desirable to select within the following

ranges the parameters or dimensions of said drainage canals,

"such as their width "W", depth "D" and pitch "P" as shown

in Fig. 3, as well as area ratio (%) of said canals to the

core plate's 6 surface area from which the expanded portions

9 are excluded.

The canal width preferably falls within a range from
1 to 3 mm,. If the canals are narrower than 1 mm, then
the condénsed water cannot flow smooth into them, thus the
straight canals failing to effectiyely'function as drainage
grooves., With the canals being set broader than 3 mm,
the.coolant unit f£low paths le are too narrow to maintain
thelfressure loss of coolant below a certain limit. The
most dgsirable range of said width is thus from 1.3 - 2.4
mm .,

The canal depth preferably falls within a range from
1 to 2.5 mm. If the canals are made shallower than 1
mm, then the unit flow paths 1e become too small to keep
thé coolant pressurexloss below the certain limit, and the
condensed water cannot flow at a sufficient rate through
them, thus the straight canals failing to function as
drainage grooves. With the canalé being set deeper than
3 mm, the hydraulic diameter of the unit flow paths becomes
too large to enéure an excellent property of heat exchange.
The most desirable range of said depth i1s thus from 1.5

- 2.1 mm.

A preferable range of the canal pitch is from 7 to 14

~19-
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mm. If the pitch is smaller than 7 mm, then the unit
flow paths 1e become too small to keep the coolant pressure
loss below the certain limit. With the canal pitch greater
than 14 mm, the condensed water cannot flow smooth into
canals. The most desirable pitch is.thus from 8 - 11
mm.

The area ratio (%) of the straight drain canals to the

core plate's 6 surface area except for the expanded portions

S should’fall within a range of 5 - 40 %. If the ratio
is not included in this range, then the straight canals
are any longer good grooves for drainage, because an
excegsive amount of condensed water is retained bv the core
plate. Fig. 12 shows a graph representing such an condi-.
tion, in which the area ratio (%) of straight canal area
to the amount of retained water for a unit surface in con-
tact with air is given taking as a reference wvalue (.i.e.,
100 % ) for a case wherein no canals are formed on the core
plate. In addition to failing to serve as the straight
grooves for drainage, the drain canals having the area ratio
above 40 %, the flow path 1¢ becomes too narrow to maintain
the pressure loss of coolant below a permissible limit.
Thus, the most'desirable ratio is from 15 - 25 %, The
amount of retained water in the graph means an amount of.
water retained by tested evaporators which are immersed
in a water vessel and weighed 30 minutes after withdrawal

therefrom.

The cross-section of the inwardly protruding recessed
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ribs 7 need not necessarily be of such a rectangular shape

as shown in Fig. 3, but may be of a trapezoid shape having

a width gradually reduced towards its inner bottom, or any

other shape. However, the illustrated shape in this

embodiment is desirable for ensuring the good drainage
function of the straight canals.

The side plates 5, which are disposed outside the outer-
most cof?ugated fins 2, comprise a plurality of groove-~like
recesses 5Sa formed on their innerwsurfaces. The recesses
5a extend wvertically in parallel with one another so as
to provide another plurality of additional wvertical drainage
canéls between the outermost fins and the side plates secured
to the outer surface thereof. Therefore, the water con-
densed in the clearances between the ocutermost tubular ele-
ments and the side plates flows downwards through the addi-
tional canals, whereby drainage is improved also for those
air paths defined through said clearances. In this embodi-
ment, a coating "S8" composed of a hydrophilic resin covers
the surfaces of the tubular elements 1, the corrugated fins

2 and the side plates 5, as illustrated in Fig. 5.

The hydrophilic resin must comprise a polyvinyl alcohol
which is contained as a main component and is blended with
a polvamide and/or polyvinvyl pyrrolidone resins, for the
following reasons. Firstly, this resin composition is
free from an unpleasant smell which the prior art water
glass resin coating itself has been emitting to impair the

environment within an auvtomobile cabin or xroom. In other
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words, the air-conditioned room of automobile can be main-
tained pleasant if the resin coating provided in the present
invention is used as the coating of the evaporator. Secondly,
the resin coating of such a composition can also prevent

an underlying oxide layer from emitting its odor. Thus,

the problem of the smelling evaporator is resolved more
completely. Tﬁirdly, such a resin coating as provided
together with the straight drain canals in the present inven-
tion is ééqantageous in that the canals can function more
effectively as the grooves for drainage. In more detail,

the condensed water is excessively adherent to the water
glass coating to such a degree that the straight drain canals
cannét fully perform their draining function. The prior

art resin coating, on the other hand, causes the condensed
Qater less adherent but less mobile so that the straight
drain canals are hindered from performing their function,
also failing to prevent the problem of waterdrop flving.

The novel resin coating in the present invention is of a
nature intermediate the water glass qoating and the prior
art resin coating, whereby the straight drain canals can
perform their draining function to a satisfactory degree,

The polyvinyl alcohol resin as the main component of
sald hydrophilic resin may elther be blended with polyamide
resin, or with a polyvinyl pyvrrolidone resin. However,
it is more desirable that both of the polyamide and polyvinyl
pyrrolidone resins are added to the polyvinyl alcohol resin

in order that the resin coating has a better initial hydro-~

~3D_



10

15

20

25

2{‘?? ::’ \.;3 8{3

philic property as well as a better durability thereof.
In addition to the polyamide and/or polyvinyl pyrrolidone
resins as the hydrophilic agent which are blended with the

polyvinyl alcohol resin as the main component to thereby
form a mixture, further a film hardener such as a prhenolic

resin or polyurea resin, and a surfactant such as a nonionic

surface active agent, as well as a microbicide for example:
bis—(2-p§r;dylthio)mzinc 1,1'-diphoxide; methyvl benzimidazole
carbamate; or 2—(4~thiazolyl)—1Hfbenzimidazole may be blended

with the mixture;

The phenolic resin as the film hardener is less stinking,
énd.therefore better than polyurea resin.

The preferable contents of the polyvinyl alcohol resin,
hydrophilic agent, film hardener, surfactant and microbicide
are respectively 30 -~ 65 parts, 20 - 65 parts, 1 - 15 parts,
0.1 - 2.0 parts, and 3 - 30 parts, all by weight. The
reasons therefor are as follows.

Lf the content of polyvinyl alcohol resin, which is
contained as the main component to be a base material of
the hydrophilic resin coating, is below 30 parts by weight,
then the coating will not be hydrophilic to a sufficient
degree and also will be too thin to have the microbicide
dispersed therein. A higher content thereof above 65
parts by weight however raises the manufacture cost of the
hydrophilic coating, and at the same time impairs its hvydro-

philic property. A more deslrable content of the polyvinyl

alcohol resin is therefore 40 - 60 parts by weight.

~23.
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If the content of hydrophilic agent, which is added

to improve the hydrophilic property of the resin coating,

is below 20 parts by weight, then the coating cannot be

hydrophilic to a sufficient degree. A content exceeding
65 parts by weight of said hydrophilic agent causes a super-
fluous solubility of the resin coating. In a case wherein
the microbicide is contained, it will be lost when the coat-
ing is dissolved, thus failing to prevent growth of the
mold or ﬁildew. A more desirable content of said hydro-
philic agent is 35 - 45 parts by wg}ght.

If the f£ilm hardener, which adﬁﬁsts a hardness of the
coating to a desirable‘level, is contained at a poor content
beloﬁ 1 part by weight, that will produce an unhardened
coatinq, whereas a rich content above 15 parts by weight
will cause its reaction with the hydrophilic atom groups
in the hydrophilic resin molecules, consequently failing
to enhance the hydrophilic property. = A more desirable
content of the film hardener is thus S - 10 parts by weight.

The surfactant is added to stabiliZé the resin solution,
in which the evaporator or its part are immersed to form
the hydrophilic coating, so that it will not become bubbly
when used. Therefore, its content below 0.1 parts.by
welight is too poor to prevent the solution from bubbling.
Such a poor content is also insufficient to disperse the
microbicide homogeneously in the resin coating, but an ex-
cessive content above 2.0 parts by weight will also produce

many bubbles in resin solution, resulting in an unevenness
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of the hardened resin coating. A more desirable content
of the surfactant is therefore 0.5 - 1.5 parts by weight.

The microbicide includes in this specification an anti-
bacterial agent, bactericide, mold-suppressing agent or
the like. The hydrophilic resin containing such a micro-
bicide protects the evaporator from getting mildewed 1in
spite of the existence of adherent condensed water, lest
the mold or mildew should emit a stinking odor. The
surfactaﬁfﬁmentioned above is effective also to disperse
such a microbicide within the resin solution.

Three to thirﬁy parts by weigh£ of the microbicide may
be added to said resin. Although a poor content below
3‘pa£ts by weight is not effective to perfectly prevent
the breeding of mildew, an excessive content abéve 30 parts
by weight will produce a white powder of the microbicide
on the surface of evapdrator. Such a powder is likely
to fly and enter the air-conditioned automobile room, thus
impairing its comfgrﬁaﬁlenesgf Therefore, a more desirable
content is 5 - 15 parts by weight. '

The thickness of the abovedescribed hydrophilic resin
coating "8" is preferably from 0.2 - 1.5 pm. A resin
coating thinner than 0.2 }1mcann0£ perform the functioné
needed to the hydrophilic coating, but with a thickness
more than 1.5 um an inherent odor of the resin itself
becomes conspicuous. A more desirable range of the'
thickness is from 0.5 - 1.3 pm.

As is summarized hereinbefore, the inventors have found
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the fact that in relation to the straight drain canals 7a
the hydrophilic resin coating needs to have a contact angle
5° to 20° in order that those canals can fully function

as the grooves for drainage.

According to the previous concept before this invention

was made, the contact angle must be as small as possible,
However, the present inventors have revealed a fact that

the contact angle below 5° renders the condensed water ex-
cessivelyrgdherent to the evaporator surfaces and thus im-
pairs the inherent high drainage capacity possessed by the
straight canals 7a. A greater coﬁ£act angle above 20° on
the other hand has also proved inappropriate, since a poor
adhééion of the condensed water was observed to similarly
impair the drainage of straight canals 7a. Thus, a desirable
range of the contact angle is from 5° to 20°, and more

preferably from 7° to 13°,.

The hydrophilic resin coating "S$" may be formed for

-

example in the following manner.

After assembled to have the ‘described struéture, the
stack type evaporator will be subjec?ed to a pretreatment,

an acid washing process and a rinsing process, in this order

and under usual conditions. Then, a,thomate primer is
formedlon the thus prepared surface, by an appropriate
process using a mixed solution of phosphate and chromate
compounds or using a solution of an appropriate chromate
compound. This primer will enhance the surface by giving

it a higher corrosion resistance and enable the resin to

-26-
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closely adhere to the surface.

Subsequent to those treatments, the stack type evaporator

will be washed to be successively submerged‘in a hydrophilic

resin solution of such a recipe as described above. An

unhardened resin coating is formed on the surface in this

way, and finally, the evaporator is subjected to a baking

process to harden and finish the coating.

A surprising effect provided by the invention was con-
firmed iﬁ‘the following tests. At first, six samples
of the stack type evaporators were prepared which were
basically the same as those describgd above in the embodi-
men;. - Those samples were eithéf-of the one-sided header
typé or both-sided header type, and comprised different
kinds‘of the recesses on their tubular elements, and dif-
ferent kKinds of, or no hydrophilic coatings, as shown on

Table 1.

Their draining property and odor were tested by the

methods described below to give a result shown on Table

2. In addition, an amount of retained water per unit

area of heat conducting surface in contact with air was

also measured. Values obtained by the latter test are

given also on Table 2, represented in % of the value for

the sample No. 1.

In the test of the draining property, those samples

were immersed in water, withdrawn therefrom to stand for

30 minutes and were subsequently weighed for measurement

( cont'd on Page 30 )
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Sample Nos, 1 2

Tube's header both- one-

sided sided

Dimension 227W 245W
(rrm) X 235L X 2251,

x 75T X 90T

Ef. front
area (m?) 0.046  0.048

Heat ex.
area Con. 3.18 4,35
air (m%)

Tube pitch 10.8 13
(mm)

Fin pitch 2.0 1.8
()

No. of 4 3
passes

Tubes 5=-5-5-5 5-6-7

~ per pass

Recessed straight scattered
ribs '

Dim. of 2.1W % 2.0W x
str. canal 1.8D 1.0D X
or rib (mm) 19.5L

Pitch of ‘
Stra Cana.]. 904 SSS——

(mm) -

Area ratio 19.6 % —
of str.
canal

Hydrophl. Inven- Water
coating tion glass

Compo- PVA KZO/ S:i.O2
sition* 45 pbw 35 pow

eto,** etco, **x*

Contact 7-13 <5
angle( 8 )#

Weight (Kg) 1.8 2.0

—-28-
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Table 1
3 4 5 6
one-— both~ both- both-
sided sided sided sided
227W
ditto X 2351, ditto ditto
x 75T
ditto 0.046 ditto ditto
ditto- 3.18 ditto ditto
ditto 0.8 ditto ditto
ditto 2.0 ditto ditto
ditto 4 - ditto ditto
ditto 5-5~5..5 ditto ditto
ditto straight ditto ditto
ditto 2.1W % ditto ditto
1.8D
- 9.4 ditto ditto
— 19.6 % ditto ditto
Prior None Water Prior
art glass art
resin resin
PA - KZO/ Si0O PA
98 pbw 35 pbw 98 pbw
etoxxik eto %% etc,**%k
30-40 50 S5 30-40
2.0 1.8 1.8 1.8



Notes for Table 1:

ef, = effective, ex.

exchanging, oon. = contacting,
straight, W = width,
thickness, D = depth,

Dim. = Dimension, str.
L = length, T
Hydrophl. = Hydropnhilic, * camposition of the coating,
pbw = parts by weight, # = 06 of the coating,
etc.** = 18 pbw of polyamide + 18 pbw of polyvinyl pyrrolidone
+ 9 pbw of phenolic resin + 1 pow of nonionic surfactant,
+ 9 pbw of bis-(2-pyridylthio)-zinc 1,1’ -diphoxide,

|

etc.,*** = 65 pbw of polyvamide, etc.**** = 2 pbw of hardener,
PVA = polyvinyl alcohol resin, PA = polyamide resin.
Table 2
Sample . Invention Reference ditto ditto ditto ditto
___Nos. 1 2 3 4 5 6
Ribs straight scat. scat. straight strajght straight
Hydr. / novel [ water [/ prior / none / water / prior
coating resin glass a. resin glass a. resin
Drainage O XX XX X o A
Odor O XX X XX XX A
Amount of .
retained 100 200 218 124 104 114
water (%)*
Notes: ''scat.'" = scattered,
"Hydr." = Hydrophilic,
'"movel resin'' = a hydrophilic resin provided in the invention,
"siror a. resin" = prior art resin, and
* = Amount of retained water per wnit area in contact with
air.
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of the gquantity of retained water at that point of time

( corresponding to an operation state in actual use ) W

The reference symbols "o ", "A ", "X" and "XX" on Table

2 respectively indicate: a little amount of retained water,
without a possibility of causing the waterdrop flying: a
somewhat greater amount of retained water, but scarcely
causing fhg waterdrop flying; a significant amount of locally
retained water, likely to cause the waterdrop flying; and,

a remarkable amount of retained wa£er, inevitably causing
the waterdrop flving.,

‘Evaluation Oof the unpleasant odor was done relying on
human olfactory sense, but under a condition simulating
the actual operation state of the condenser. The reference
symbols "o ", "AM™, "X" and "XX" respectively iﬁdicate:
being odorless at the beginning of test and remaining odor-
less thereafter; not stinking at the beginning, but emitting
odor after use for a long time; scarcely stinking at the
beginning, but emitting odor before long; and, remarkably
stinking from the beginning of use.

As will be seen from the result given above, the evapo-
rator which comprisés the tubular elements each ha#ing the
inwardly protruding and vertically extending recessed ribs
and which has its surfaces covered with the specific hydro-
philic resin coating according to the present invention,

1s superior to all the other reference samples of evaporator
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in respect of not only their odor but also of their drain-

ing property. Thus, both the problem of waterdrop flying

and the bad smell are eliminated at the same time by the

invention.

The data on water retention per unit surface area in
contact with air has established a fact that the specific
resih coating in the invention does match well the straight
drain canals to give the best drainage. Although the
resin coﬁpqsition in the invention ( having a contact angle
of 20° or less, and 7° - 13° in the embodiment ) is not
necessarily more hydrophilic than the water glass coating
( being most hydrophilic heretofore, and having a contact
angie of 5° or less ), the former is less retentive of water
than the latter. This indicates an "organic" and effective
combination of the specific resin coating with the straight
drain canals. .

Further, performance comparison of the sample No. 1
( invention ) was made with the reference No. 2 which is
the stack type evaporator of the one-sided header structure
and is a typical one widely and currently employed in the
field. Figs. 13 to 15 give the result of comparative
tests which were executed on: their cooling capacity for
varied coolant pressure at outlet; their coolanﬁ flow resist-
ance for varied flow rate of coolant; and their air flow
resistance for varied air flow rate.

The cooling capacity of the reference No. 2 decreases

sharply with increasing coolant pressure at outlet, whereas

-3 -
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the capacity of the sample No. 1 ( invention ) decreases
gradually, This means that the evaporator provided by
the invention is improved in its cooling capacity for the
varied outlet coolant pressufes. As for the coolant flow

resistance, the sample No. 1 proved less resistive to c¢cocolant

flow than the reference No., 2 by ca. 0.1 Kg/cm2 Or more,

for varied coolant flow rates. Also, the sample No. 1
proved less resistive to air flow then No.?2 by ca. 2 mmAg,

for variéd air flow rates. These data indicate that the

evaporator is excellent also in itg cooling capacity and
performance, .‘

In sunmmary, the evaporator in the present invention
comﬁfises the tubular elements each having the inlet header
portion at its one end and the outlet header portion at
its otﬁer end. Bach tubular element is composed of the
pailr of core plates, and each of them comprises the recessed
ribs protruding inwardly thereof and vertlically extending
in parallel with one another between the header portions.
Thus, the unit flow paths are formed for coolant which flows

fhrough the tubular element in such a manner that any offset

flow or turbulent flow takeé place therein.

Consequently, heat exchange is carried out evenly and
effectively throughout the evaporator, thereby improving
its heat exchanging capacity as a whole and also reducing
the loss in coolant pressure.

Further, the ribs protruding from one core plate alter-

nate with the other ribs of the other core plate in each
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couple of the core plates, The inner end surfaces of
those ribs from one core plate do face and are tightly

adjoined to the flat portions of the other one. This

feature is advantageous in that any slight mis-alignment

vbetween the facing core plates can never result in an

imperfect adjoining of said plates, though it has been

inevitable for the prior art evaporators in which the ribs

are directly adjoined together. Due to such a feature,

the asseﬁbling work can be done more roughly, without failing

to manufacture strong tubular elements each comprising a

pair of rigidly adjoined core‘plates. Moreover, such

a structure provides a larger area for the heat transferring

coolant, and thus raising the heat exchange efficiency of

the evaporator.

It i1s a more important feature that the outer recesses

of the recessed ribs inwardly protruding and vertically

extending parallel between the upper and lower header

portions of each tubular element do function as the straight

drainage grooves or canals for discharging the condensed

water. The water condensed on the surfacés of the tubular

elements and fin members smoothly flows downwards along

the ribs through the straight canals and is quickly removed

from the evaporator.

The unique combination of such straight drain canals
( i.e., one feature ) with the specific hydrophilic resin
coating ( i.e., the other feature ) covering the surfaces

of tubular elements and fin members produces in the invention
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an unexpected synergism of these features. The synthesized

effect is greater than the simple sum of the individual

effects resulting from the features, so that the drainage

or water-repelling property of the evaporator is improved

in a surprising manner.

As a result, the waterdrop flyving is avoided to an almost

perfect degree and consequently the adherent condensed water

1s prevented at the same time from allowing the mildew or

mold to grow therein, thus keeping pleasant the air-condi-
tioned environment in fhe auvtomobile cabin or room.

~The resin composition in the invention comprises poly-
vinél alcohol as the main component as well as the hydro-
philic agent ( i.e., polyamide and/or polyvinyl pyrrolidone
resins ) blended therewith. This composition does not
emit such -a stinking 6dor as 1s the case for the water glass
coating, also contributing to the better environment in
the automobile cabin.

In a preferable case as defined in the claims 2 and
3 wherein the film hardener, surfactant and microbicide
are blended with the main component and hydrophilic agent

just mentioned above, the "antimold" effect becomes much

higher while ensuring the good drainage through the straight

canals.
In another preferable case as set forth in the claim
4, wherein the hydrophilic resin coating has the contact

angle O of 5° to 20° between it and the waterdrop, drainage

effect of the straight drain canals will be doubled so that

Y -



the stack type evaporator becomes free from the waterdrop
flying and from the bad smell so as to be advantageously

employed in the air conditioner.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A stack type evaporator comprising:

a plurality of plate-like tubular elements each com-
posed of a pair of facing dish-like core plates which
are adjoined one to another at their péripheries SO as

5 ;to define a coolant path therebetween:

a plurality of fins each interposed between the two
adjacent tubular elements which_are stacked side by side

in a direction of their thickness:
an upper and lower header portions respectively formed
10 at an upper and lower ends of each tubular element, with
the header portions being connected to the other corre-
sponding header portions so as to unite the tubular ele-
ments to form the evaporator;
a plurality of recessed ribs protruding inwardly from
15 each core plate.andrggteﬁding in parallel with one another
from the upper header .portion towards the lower header
portion, wherein an inner end of each rib of one core
plate faces and is bhonded to a flat portion between the
ribs of the other core plate;
20 the coolant path being formed through each tubular
‘element and divided by the ribs into a plurality of dis-
crete unit path5=extending’from the upper header portion

towards the lower header portion:

each tubular element having on its outer surfaces
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a plurality of straight drainage canals which are formed

to extend from the upper header portion towards the lower

headexr portion:

. re—

a hydrophilic resin coating covering the outer surfaces
- 0of the tubular elements and the fins:; and

the hydrophilic resin coating being composed of poly-
vinyl alcohol resin as its main component as well as poly-
amide and/or polyvinyl pyrrolidone_resins as its hvdro-

philic‘égent blended with the main component.

2 o A stack type evaporator as defined in claim 1, wherein
thé hydrophilic resin coating further comprises: in addi-
tion to polyvinyl alecohol resin as the main component
and polyamide and/or polyvinyl pyrrolidone resins as the

hydrophilic agent, a £ilm hardenner; a surfactant: and

a microbicides.,

3. A stack type evaporator as defined in claim 2, wherein

the film hardener is selected from a group consisting

of a phenolic resin and a polyurea resin.

4, A stack type evaporator as defined in claim 2, wherein

the surfactant is a nonionic surface active agent.
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5. A stack type evaporator as defined in claim 2, wherein
the microbicide is selected from a group cousisting of:
bis-(2-pyridylthio)-zinc 1,1'-diphoxide; methyvl benzimid-

azole carbamate: and 2-(4-thiazolyl)-1H-benzimidazole.

6. A stack type evaporator as defined in claim 1, wherein

the hydrophilic resin coating is composed of: 30 - 65
parts by weight of polyvinyl alcohol resin as the main

component; and 20 - 65 parts by weight of the hydrophilic

agent.
7. A stack type evaporator as defined in claim 1, wherein
the hydrophilic resin coating is composed 6f: 40 - 60

parts by weight of polyvinyl alecohol resin as the main

component; and 35 - 45 parts by weight of the hydrophilic

agent.

8. A stack type evaporator as defined in claim 2, wherein
the hydrophilic resin coating is composed of: 30 - 65
parts by weight of polyvinvl alcohol resin as the main
component; 20 - 65 parts by weight of the hydrophilic
agent; 1 - 15 parts by weight of the film hardener; 0.1

- 2.0 parts by weight of the surfactant; and 3 - 30 parts

by weight of the microbicide.
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0. A stack type evaporator as defined in claim 2, wherein
the hydrophilic resin coatihg is. composed of: 40 -~ 60
parts by weight of polyvinyl alcohol resin as the main
component; 35 -~ 45 parts by weight of the hydrophilic

agent; 5 - 10 parts by weight of the film hardener; 0.5

- 1.5 parts by weight of the surfactant; and 5 - 15 rarts

by weight of the microbicide.

10, A stack type evaporator as defined in any of the pre-

ceding claims 1, 2, 6, 7, 8, 9, wherein thickness of the

| hydrophilic resin coating is 0.2 - 1.5 am.

11. A stack type evaporator as defined in any of the pre-

céding claims 1, 2, 6, 7, 8, 9, wherein thickness of the

hydrophilic resin coating is 0.5 - 1.3.}1m°

a width "W" of 1 - 3 mm, and a depth "D" of 1 - 2.5 mm,

and are arranged at a pitch "P" of 7 - 14 mm.

13, A stack type evaporator as defined in claim 1, wherein
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the straight drainage canals for condensed water have

a width "W" of 1.3 -~ 2.4 mm, and a depth "D" of 1.5 -

2.1 mm, and are arranged at a pitch "P" of 8 -~ 11 mm.

portions is from 5 - 40 %._

15. A sﬁack type evaporator as defined in claim 1, 12

or 13, wherein a ratio of the surface area of the straight

- drainage canals for condensed water to the surface area

of the core plate except for its upper and lower expanded

portions is from 15 -~ 25 %.

16, A stack type evaporator as defined in claim 1, wherein

the fins are corrugated fins.

17. A stack type evaporator as defined in claim 1, further

each side plate comprises a plurality of parallel groove-
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of the side plate, whereby the recesses provide vertical

drainage canals between the side plate and the corrugated

fin.

18. A stack type evaporator as defined in claim 1, wherein

the tubular elements, the fins and the side plates are

all formed of a material selected from a group consisting

of aluminum and its alloys.

19. A stack type evaporator as defined in claim 1, wherein
the core plates constituting each tubular element are

each made by pressing a brazing sheet which comprises

a core sheet having both surfaces clad with a brazing

agent laver.

20. A stack type evaporator as defined in claim 1, wherein

except for the header portions of the tubular elements
located at predetermined positions of evaporator, the
other tubular elements adjacent to each other have their
neader portions in fluid communication with one another
through coolant flowing openings formed through summits
of said header portions, wherein the walls of header por-

tions at the predetermined positions of the first mentioned
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RO
tubular elements function as partitions, which divide
the tubular elements to form groups thereof, and which
partitions thereby cause the coolant entering the eva-
porator through a coolant inlet pipe to advance in a me-
andering manner making turns at every boundary between

the groups, before leaving the evaporator through a coolant

outlet pipe.

21. A stack type evaporator as defined in claim 20, wherein
the coolant inlet and outlet pipes are disposed respective-
ly at lower ends of the right-hand and left-hand outermost
tubular elements, and wherein a total of substantial cross-
sect@onal areas of the tubular elements is the same for
all the groups including those connected to the coolant

inlet and outlet pipes.

22 . A stack typeqéGaporatér cbmprisiﬁg;’

a plurality of plate-like tubular elements each com-
posed of a pair of facing dish-like core plates which
are adjoined one to another at their peripheries so as
to define a coolant path therebetween:

a plurality of fins each interposed between the two
adjacent tubular elements which are stacked side by side
in a direction of their thickness:

an upper and lower header portions respectively formed
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ments to form the evaporator;:

a plurality of recessed ribs protruding inwardly from

each core plate and extending in parallel with one another

from the upper header portion towards the lower header
portion, wherein an inner end of each rib of one core
plate faces and is bonded to a flat portion between the

ribs of the other core plate:

the coolant path being formed through each tubular
element and divided by the ribs into a plurality of dis-

crete unit paths extending from the upper header portion

towards the lower header portion;

each tubular element having on its outer surfaces
a plurality of straight drainage canals which are formed
to extend from the upper header portion towards the lower

header portion; .

a hydrophilic resiﬁ-coating covering the outer surfaces

of the tubular elements and the fins: and

the hydrophilic resin coating having a contact angle®

falling within a range of 5° - 20°.

23. A stack type evaporator as defined in claim 22, wherein

the contact angle 0 is from 7° to 13°,
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25. A stack type evaporator as defined in claim 22, wWherein
thickness of the hydrophilic resin coating is 0.5 - 1,3
Jim.

26. A stack type evaporator as defined in claim 22, wherein
the straight drainage canals for condensed water have
~a width "W" of 1 - 3 mm, and a depth "D" of 1 2.5 mm,

and are arranged at a pitch "P" of 7 - 14 mm.

27. A stack type evaporator as defined in claim 22, wherein

the straight drainage canals for condensed water have
a width "W" of 1.3 - 2.4 mm, and a depth "D" of 1.5 -

2.1 mm, and are arranged at a pitch "P" of 8 - 11 mm.

28. A stack type evaporator as defined in claim 22, 26

or 27, wherein a ratio of the surface area of the drainage

canals for condensed water to the surface area of the

core plate except for its upper and lower expanded portions

is from 5 - 40 %.
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a core sheet having both surfaces clad with a brazing

agent laver.

34. A éfgck type evaporator as defined in claim 22, wherein
except for the header portions oﬁ the tubular elements
located at predetermined positions of evaporator, the
other tubular elements adjacent to each other have their
heéder portions in fluid communication with one another
through coolant flowing openings formed through summits
of said header portions, wherein the walls of header por-

tions at the predetermined positions of the first mentioned

tubular elements function as partitions, which @ivide
the tubular elements to form groups thereof, and which
partitions thereby cause thé coolant entering the eva-
porator through a coolant inlet pipe to advance in a me-
andering manner making turns at every boundary between

the groups, before leaving the evaporator through a coolant

outlet pipe.

35. A stack type evaporator as defined in claim 22, wherein

the coolant inlet and outlet pipes are disposed respective-
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ly at lower ends of the right-hand and left-hand outermost
tubular elements, and wherein a total of substantial cross-
sactional areas of the tubular elements is the same for
all the groups including those connected to the coolant

inlet and outlet pipes.
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