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Description

[0001] The present invention relates to a heat ex-
changer refrigerant tube for condensers and evapora-
tors for use in air-cooling systems for motor vehicles.
[0002] The term "aluminum" as used herein and in the
claims includes pure aluminum and aluminum alloys.
[0003] The DE 37 31 669 A1 discloses a heat ex-
changer tube comprising a flat tube having parallel re-
frigerant passages in its interia and comprising upper
and lower walls. Ribs are formed on the inner surface
of the walls, and a partition wall structure having a par-
tition extending in parallel to the upper and lower walls
is longitudinally inserted into the flat tube. Rib-like pro-
jections extend from both surfaces of the partition to the
inner surfaces of the upper and lower walls. Guiding ribs
are provided on the inner surfaces of the walls to guide
the projections of the partition structure in the longitudi-
nal direction. The projections are reinforcing the tube
and the upper and lower walls thereof on the one hand
and moreover formed parallel refrigerant passages.
[0004] JP-B-45300/1991 discloses a condenser for
use in air-cooling systems for motor vehicles which com-
prises a pair of headers arranged at right and left in par-
allel and spaced apart from each other, parallel flat re-
frigerant tubes each joined at its opposite ends to the
two headers, corrugated fins arranged in air flow clear-
ances between the adjacent refrigerant tubes and
brazed to the adjacent refrigerant tubes, an inlet pipe
connected to the upper end of the left header, an outlet
pipe connected to the lower end of the right header, a
left partition provided inside the left header and posi-
tioned above the midportion thereof, and a right partition
provided inside the right header and positioned below
the midportion thereof, the number of refrigerant tubes
between the inlet pipe and the left partition, the number
of refrigerant tubes between the left partition and the
right partition and the number of refrigerant tubes be-
tween the right partition and the outlet pipe decreasing
from above downward. A refrigerant flowing into the inlet
pipe in a vapor phase flows zigzag through the condens-
er before flowing out from the outlet pipe in a liquid
phase. Condensers of the construction described are
called parallel flow or multiflow condenser, realize high-
er efficiencies, lower pressure losses and supercom-
pactness and are in wide use recently in place of con-
ventional serpentime condensers.
[0005] It is required that the flat refrigerant tube for
use in the condenser have pressure resistance since the
refrigerant is introduced thereinto in the form of a gas of
high pressure. To meet this requirement and to achieve
a high heat exchange efficiency, the refrigerant tube
used is in the form of a flat aluminum tube which com-
prises upper and lower walls, and a reinforcing wall con-
nected between the upper and lower walls and extend-
ing longitudinally.
[0006] However, the reinforcing wall provided in the
refrigerant tube forms independent parallel refrigerant

passages in the interior of the tube. Air flows orthogonal
to the parallel refrigerant passages, so that the heat ex-
change efficiency is consequently higher in the refriger-
ant passage at the air inlet side than in the passage at
the air outlet side. Accordingly, gaseous refrigerant is
rapidly condensed to a liquid in the refrigerant passage
at the upstream side, whereas the refrigerant still re-
mains in the passage at the downstream side. When the
entire structure of the tube is considered, the refrigerant
therefore flows unevenly, failing to achieve a high heat
exchange efficiency.
[0007] The object of the present invention is to provide
a refrigerant tube for use in heat exchangers which
achieves a high heat exchange efficiency.
[0008] To comply with this object, the refrigerant tube
according to the invention is characterized by the fea-
tures of claim 1.
[0009] The present invention provides a refrigerant
tube which fulfills the above object and which comprises
a flat tube having parallel refrigerant passages in its in-
terior and comprising upper and lower walls and a plu-
rality of reinforcing walls connected between the upper
and lower walls, the reinforcing walls extending longitu-
dinally of the tube and spaced apart from one another
by a predetermined distance, the reinfocing walls being
each formed with a plurality of communication holes for
causing the parallel refrigerant passages to communi-
cate with one another therethrough, each of the reinforc-
ing walls being 10 to 40% in opening ratio which is the
proportion of all the communication holes in the reinforc-
ing wall to the reinforcing wall.
[0010] The refrigerant to be passed through the par-
allel refrigerant passages flows through the communi-
cation holes widthwise of the tube to spread to every
part of all the passages, whereby portions of the refrig-
erant become mixed together. Accordingly no tempera-
ture difference occurs in the refrigerant between the
passages, with the result that the refrigerant undergoes
condensation at the upstream side and at the down-
stream side alike, flowing uniformly to achieve an im-
proved heat exchange efficiency. The opening ratio
which is the proportion of all the communication holes
in the reinforcing wall to this wall influences thermal con-
ductance. When within the range of 10 to 40 %, the
opening ratio results in satisfactory thermal conduct-
ance, whereby the heat exchange efficiency of the re-
frigerant tube can be further improved. The opening ra-
tio is limited to the range of 10 to 40% because if the
ratio is less than 10%, the thermal conductance does
not increase and further because the conductance no
longer increases even if the ratio exceeds 40%, entailing
an increase only in coefficient of friction. The opening
ratio in the range of 10 to 40% is preferably 10 to 30%,
more preferably about 20%.
[0011] The communication holes are so sized in cross
section as to permit the refrigerant to smoothly flow
therethrough between the adjacent passages, to be free
of the likelihood of becoming clogged with a flow of sol-
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der during brazing and to in no way impair the pressure
resistance of the tube. The pitch of the communication
holes is such that the holes will not lower the pressure
resistance of the tube while permitting the refrigerant to
smoothly flow across the reinforcing walls.
[0012] The communication holes formed in the plural-
ity of reinforcing walls are preferably in a staggered ar-
rangement when seen from above.
[0013] The pitch of the reinforcing walls in the width-
wise direction of the tube is preferably up to 4 mm. A
lower heat exchange efficiency will result if the pitch is
in excess of 4 mm.
[0014] The height of the reinforcing walls is preferably
up to 2 mm. If the wall height is over 2 mm, not only
difficulty is encountered in fabricating a compacted heat
exchanger, but the resistance to the passage of air also
increases to result in an impaired heat exchange effi-
ciency.
[0015] The present invention will be described in
greater detail with reference to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a view in cross section showing a flat re-
frigerant tube of Embodiment 1 of the present in-
vention;
FIG. 2 is an enlarged fragmentary view of the tube
shown in FIG. 1;
FIG. 3 is an enlarged view in section taken along
the line 3-3 in FIG. 1;
FIG. 4 is a cross sectional view showing how to pro-
duce an aluminum sheet by rolling for fabricating
the refrigerant tube of Embodiment 1 of the inven-
tion;
FIG. 5 is a cross sectional view showing how to form
cutouts in the upper edges of ridges of the alumi-
num sheet shown in FIG. 4;
FIG. 6 is a view in section taken along the line 6-6
in FIG. 5;
FIG. 7 is a view in longitudinal section showing how
to form the ridges and the cutouts in the upper edg-
es thereof by a single step;
FIG. 8 is an enlarged fragmentary perspective view
showing the refrigerant tube of Embodiment 1 of the
invention while it is being fabricated;
FIG. 9 is a cross sectional view of a flat refrigerant
tube according to Embodiment 2 of the invention;
FIG. 10 is a cross sectional view of a flat refrigerant
tube according to Embodiment 3 of the invention;
FIG. 11 is a cross sectional view of a flat refrigerant
tube according to Embodiment 4 of the invention;
FIG. 12 is a cross sectional view of a flat refrigerant
tube according to Embodiment 5 of the invention;
FIG. 13 is a cross sectional view of a flat refrigerant
tube according to Embodiment 6 of the invention;

FIG. 14 is a graph showing the result of Evaluation
Test 1, i.e., the relationship between the average
quality X of refrigerant and the thermal conductance
hA;
FIG. 15 is a graph showing the result of Evaluation
Test 2, i.e., the relationship between the average
quality X of refrigerant and the heat transfer coeffi-
cient h;
FIG. 16 is a graph showing the result of Evaluation
Test 3, i.e., the relationship between the opening ra-
tio and the thermal conductance hA at an average
quality X of refrigerant of 20%, 50% or 80%, and the
relationship between the opening ratio and the co-
efficient of friction f when the average quality X of
refrigerant is 50%;
FIG. 17 is a graph showing the result of Evaluation
Test 4, i.e., the relationship between the opening ra-
tio and the heat transfer coefficient h at an average
quality X of refrigerant of 20%, 50% or 80%, and the
relationship between the opening ratio and the co-
efficient of friction f when the average quality X of
refrigerant is 50%;
FIG. 18 is a graph showing the result of Evaluation
Test 5, i.e., the relationship between the refrigerant
pressure loss ∆Pr and the quantity of heat radiated
through unit front area, Q/Fa, as established for
condensers comprising refrigerant tubes; and
FIG. 19 is a front view showing a condenser wherein
flat refrigerant tubes are used.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] FIG. 19 shows a condenser comprising flat re-
frigerant tubes embodying the invention. The condenser
comprises a pair of headers 61, 62 arranged at left and
right in parallel and spaced apart from each other, par-
allel flat refrigerant tubes 63 each joined at its opposite
ends to the two headers 61, 62, corrugated fins 64 ar-
ranged in air flow clearances between the adjacent re-
frigerant tubes 63 and brazed to the adjacent refrigerant
tubes 63, an inlet pipe 65 connected to the upper end
of the left header 61, an outlet pipe 66 connected to the
lower end of the right 62, a left partition 67 provided in-
side the left header 61 and positioned above the mid-
portion thereof, and a right partition 68 provided inside
the right header 62 and positioned below the midportion
thereof, the number of refrigerant tubes 63 between the
inlet pipe 65 and the left partition 67, the number of re-
frigerant tubes 63 between the left partition 67 and the
right partition 68 and the number of regrigerant tubes 63
between the right partition 68 and the outlet pipe 66 de-
creasing in this order. A refrigerant flowing into the inlet
pipe 65 in a gas phase flows zigzag through the con-
denser before flowing out from the outlet pipe 66 in a
liquid phase.
[0018] The refrigerant tubes 63 for use in the above
condenser are concerned with the present invention.
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Refrgigerant tubes embodying the invention will be de-
scribed below. The following embodiments are all 10 to
40% in opening ratio which is the proportion of all com-
munication holes in each reinforcing wall to the reinforc-
ing wall. The communication holes formed in a plurality
of reinforcing walls are all in a staggered arrangement.

Embodiiment 1

[0019] This embodiment is shown in FIGS. 1 to 3. A
refrigerant tube T1 for heat exchangers is formed by a
flat aluminum tube 7 having parallel refrigerant passag-
es 6 in its interior and comprising flat upper and lower
walls 1, 2, left and right vertical side walls 3, 4 connected
respectively between the left side edges of the upper
and lower walls 1, 2 and between the right side edges
thereof, and a plurality of reinforcing walls 5 connected
between the upper and lower walls 1, 2, extending lon-
gitudinally of the tube and spaced apart from one anoth-
er by a predetermined distance. The reinforcing walls 5
are each formed with a plurality of rectangular commu-
niction holes 8 for causing the parallel refrigerant pas-
sages 6 to communicate with each other therethrough,
[0020] The flat aluminum tube 7 is prepared from up-
per and lower two aluminum sheets 9, 10 by vertically
bending the lower sheet 10 at its opposite side edges,
joining the bent side edges to the respective side edges
of the upper aluminum sheet 9 so as to define a hollow
portion by the two aluminum sheets 9, 10.
[0021] The reinforcing walls 5 are formed by parallel
ridges 11 projecting inward from the lower wall 2 and
joined to the inner surface of the upper wall 1. The rec-
tangular communication holes 8 are formed by rectan-
gular cutouts 12 provided in the upper edge of each
ridge 11 at a predetermined spacing and having their
openings closed by the upper wall 1.
[0022] The refrigerant tube T1 is produced by the fol-
lowing method.
[0023] With reference to FIG. 4, an aluminum sheet
blank in the form of a brazing sheet covered with a braz-
ing filler metal over the lower surface and having a thick-
ness greater than that of upper and lower walls of the
refrigerant tube to be produced is first rolled by a pair of
upper and lower rolls 13, 17. The upper roll 13 has par-
allel annular grooves 14 arranged at a spacing, first
small-diameter portions 15 formed at the respective out-
er sides of the arrangement of grooves 14 and each hav-
ing a periphery of the same diameter as the bottom fac-
es of the grooves 14, and second small-diameter por-
tions 16 positioned externally of the respective first
small-diameter portions 15 and having a smaller diam-
eter and a greater width than the portions 15. The lower
roll 17 is provided, at its respective outer ends, with
large-diameter portions 18 each having an outer end
face flush with that of the second small-diameter portion
16 and having a smaller width than the portion 16. The
peripheral surfaces of the rolling rolls 13, 17 form a flat
portion 19 providing the lower wall 2 by thinning the

sheet blank to a specified thickness. The rolls 13, 17
also form ridges 11 projecting from the flat portion 19
integrally therewith by means of the annular grooves 14.
Further formed at the respective side edges of the flat
portion 19 are upright portions 20 each including an in-
ner stepped part 20a with the same height as the ridges
11, and a thin wall 20b extending upward from the outer
edge of the stepped part 20a. Thus, the rolling operation
produces a rolled aluminum sheet 21.
[0024] As shown in FIGS. 5 and 6, the rolled alumi-
num sheet 21 is then passed between a pair of upper
and lower rolls 22, 24. The upper roll 22 has rectangular
protrusions 23 arranged at a predetermined spacing at
a position corresponding to each of the parallel annular
grooves 14 in the upper roll 13 for the preceding step.
This rolling operation forms rectangular cutouts 12 in the
upper edges of the respective ridges 11 at the predeter-
mined spacing, whereby the lower aluminum sheet 10
is obtained.
[0025] The multiplicity of protrusions 23 are in a stag-
gered arrangement so that the cutouts 12 are formed in
the upper edges of the parallel ridges 11 in a staggered
arrangement when seen from above.
[0026] The above method of producing the lower alu-
minum sheet 10 requires two steps for forming the ridg-
es 11 having the cutouts 12. As shown in FIG. 7, how-
ever, these ridges 11 with the cutouts 12 can be formed
by a single step by using in combination with the lower
roller 17 of the first step an upper roll 26 which is formed
in each of parallel annular grooves 14 with protrusions
25 arranged at a predetermined spacing and having a
height smaller than the depth of the grooves.
[0027] On the other hand, the flat upper aluminum
sheet 9 is prepared which comprises a brazing sheet
having opposite surfaces each covered with a brazing
filler metal layer. As seen in FIG. 8, the upper aluminum
sheet 9 has at each of its opposite side edge portions
an upper surface in the form of a slope 27 slanting out-
wardly downward. With reference to FIG. 2, each side
edge portion of the upper aluminum sheet 9 is placed
on the stepped part 20a of the upright portion 20 of the
lower aluminum sheet 10, and the thin wall 20b (indicat-
ed in a broken line) is crimped onto the slope 27 of the
upper aluminum sheet 9. Subsequently, the lower sur-
face of the upper sheet 9 is brazed to the stepped parts
20a of the upright portions 20 of the lower sheet 10 and
to the top ends of the ridges 11 thereof, whereby the
refrigerant tube T1 is fabricated.
[0028] The peripheral surface of the upper rolling roll
13 may be formed with indentations and projections
which are triangular wavelike in cross section, or
knurled. The lower aluminum sheet 10 then obtained
has projections and indentations extending longitudinal-
ly thereof over the entire inner surface, or has an inner
surface formed with latticelike projections or indenta-
tions. This gives an increased surface area to the lower
wall 2.
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Embodiment 2

[0029] FIG. 9 shows this embodiment, i.e., a refriger-
ant tube T2 for use in heat exchangers. The tube T2 has
the same construction as Embodiment 1 except that the
tube T2 has left and right side walls 28, 29 of double
structure, communication holes 30 in the form of an in-
verted trapezoid, and a plurality of relatively low upward
projections 31 integral with the lower wall 2, extending
longitudinally thereof and spaced apart from one anoth-
er for giving a heat transfer surface of increased area.
The holes 30 can be provided by forming trapezoidal
cutouts 32 in the upper edges of the ridges 11.
[0030] The tube T2 comprises a flat aluminum tube
33, which is prepared by bending opposite side edges
of upper and lower two aluminum sheets 34, 35, fitting
the bent side edges of one of the two aluminum sheets
34, 35 respectively over the bent side edges of the other
aluminum sheet and joining the fitted portions so as to
define a hollow portion by the sheets 34, 35.
[0031] Stated more specifically, the side walls 28, 29
are formed by the following method. Upright portions 36
having the same height as the reinforcing walls 5 are
provided respectively at opposite sides of the lower alu-
minum sheet 35, and a slope 38 slanting outwardly up-
ward is formed at the bottom edge of each upright por-
tion 36. As indicated in a broken line in FIG. 9, on the
other hand, a depending portion 37 is formed at each of
opposite sides of the upper aluminum sheet 34, the por-
tion 37 being in contact with with the outer side face of
the upright portion 36 and projecting downward slightly
beyond the lower surface of the lower wall 2. The down-
ward projections 37a of the depending portions 37 are
crimped onto the respective slopes 38 of the lower alu-
minum sheet 35, and the portions where the upper and
lower aluminum sheets 34, 35 are in contact with each
other are brazed.

Embodiment 3

[0032] FIG. 10 shows this embodiment, i.e., a refrig-
erant tube T3 for use in heat exchangers, which com-
prises a flat aluminum tube 39. The tube 39 is prepared
from an aluminum sheet 40 in the form of a brazing sheet
having a brazing filler metal layer on one surface there-
of, by folding the sheet at the midportion of its width like
a hairpin with the brazing layer out so as to form a hollow
portion, bending opposite side edges to an arcuate
shape and joining the side edges in butting contact with
each other. The tube 39 therefore has circular-arc left
and right side walls 41, 42. The butt joint 43 thus made
is oblique in cross section so as to form the joint 43 over
an increased area.
[0033] Each of reinforcing walls 44 is formed by join-
ing a downward ridge 44a inwardly projecting from the
upper wall 1 to an upward ridge 44b inwardly projecting
from the lower wall 2. Each of trapezoidal communica-
tion holes 5 is formed by the combination of a pair of

trapezoidal cutouts 45a, 45b. Such cutouts 45a, 45b are
formed respectively in the lower edge of the downward
ridge 44a and the upper edge of the upward ridge 44b
at a predetermined spacing.

Embodiment 4

[0034] FIG. 11 shows this embodiment, i.e., a heat ex-
change refrigerant tube T4, which has two kinds of re-
inforcing walls 46. The walls 46 of one kind are each
formed by a downward ridge 46a inwardly projecting
from an upper wall 1 and joined to a flat inner surface of
a lower wall 2. The walls 46 of the other kind are each
formed by an upward ridge 46b inwardly projecting from
the lower wall 2 and joined to a flat inner surface of the
upper wall 1. The two kinds of walls 46 are arranged
alternately. Trapezoidal communication holes 47 are
formed by trapezoidal cutouts 47a, 47b provided re-
spectively in the lower edge of the downward ridge 46a
and in the upper edge of the upward ridge 46b and have
their openings closed by one of the upper and lower
walls 1, 2. With the exception of this feature, the present
embodiment is the same as Embodiment 3.

Embodiment 5

[0035] FIG. 12 shows this embodiment, i.e., a heat ex-
changer refrigerant tube T5. The tube T5 has reinforcing
walls 48 which are formed by downward ridges 48a in-
wardly projecting from an upper wall 1 and joined to a
flat inner surface of a lower wall 2. Trapezoidal commu-
nication holes 49 are formed by providing trapezoidal
cutouts 49a in the lower edges of the ridges 48a at a
predetermined spacing and closing the openings of the
cutouts 49a with the lower wall 2. The present embodi-
ment is the same as Embodiment 3 except for this fea-
ture.

Embodiment 6

[0036] FIG. 13 shows this embodiment, i.e., a heat ex-
change refrigerant tube T4, which comprises a flat alu-
minum tube 50. The tube 50 is prepared from upper and
lower two aluminum sheets 51, 53 by bending opposite
side edges of the sheets to an arcuate shape toward
each other so as to form a hollow portion, butting the
sheets against each other edge to edge and joining the
butted edges. Except for this feature, the present em-
bodiment is the same as Embodiment 3. The left and
right butt joints 53, 54 are oblique in cross section as is
the case with Embodiment 3.
[0037] The aluminum sheet having the ridges, etc.
and used in the foregoing embodiments can be replaced
by an aluminum extrudate of specified cross section.
[0038] Examples of the invention will be described be-
low along with a comparative example. The refrigerant
tubes of the examples and comparative example are so
shaped as shown in FIG. 1 in cross section.
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Example 1

[0039] A refrigerant tube which is 508 mm in length,
16.5 mm in the distance between side walls 3, 4, 1 mm
in the height between upper and lower walls 1, 2, six in
the number of reinforcing walls 5, 2.4 mm in the pitch of
reinforcing walls 5, 0.3 mm in the thickness of reinforcing
walls 5, 1.6 mm in the pitch P of communication holes
8, 0.8 mm in the length L of communication holes 8, 0.2
mm in the height H of communication holes 8, and 10%
in opening ratio.

Example 2

[0040] The same refrigerant tube as that of Example
1 except that this tube is 0.4 mm in the height of com-
munication holes and 20% in opening ratio.

Example 3

[0041] The same refrigerant tube as that of Example
1 except that the tube is 0.6 mm in the height of com-
munication holes and 30% in opening ratio.

Example 4

[0042] The same refrigerant tube as that of Example
1 except that the tube is 0.8 mm in the height of com-
munication holes and 40% in opening ratio.

Comparative Example

[0043] The same refrigerant tube as that of Example
1 except that the tube has no communication holes in
the reinforcing walls.

Evaluation Test 1

[0044] The refrigerant tubes of Example 1 and Com-
parative Example were used to determine the relation-
ship between the average quality X of refrigerant (the
fraction of vapor mass in refrigerant) and the thermal
conductance hA (h: heat transfer coefficient, A: the area
of heat transfer surface inside the refrigerant tube). The
method of determination was as follows. The refrigerant
tube was placed in a cooling water channel, a refrigerant
comprising HFC134a was passed through the tube, and
cooling water was passed through the channel. After the
lapse of a specified period of time, the mass velocity G
of the refrigerant was set at 400 kg/m2·s, the refrigerant
inlet temperature at 65° C, and the heat flux between
the refrigerant and the cooling water at 8 kW/m2. The
flow rate of the cooling water was so set as to give a
Reynolds number of 1500. The thermal conductance hA
was measured at varying values of average quality X.
[0045] The result is shown in FIG. 14, which reveals
that when the reinforcing walls are formed with commu-
nication holes, the thermal conductance hA is greater at

any value of average quality X than when no holes are
formed.

Evaluation Test 2

[0046] The refrigerant tubes of Example 2 and Com-
parative Example were used to determine the relation-
ship between the average quality X of refrigerant and
the heat transfer coefficient h by the same method as in
Evaluation Test 1. FIG. 15 shows the result.
[0047] FIG. 15 reveals that at any value of average
quality X, the heat transfer coefficient h is greater when
the reinforcing walls are formed with communication
holes than when no holes are formed.

Evaluation Test 3

[0048] The refrigerant tubes of Examples 1 to 4 and
Comparative Example were used to determine the rela-
tionship between the opening ratio and the thermal con-
ductance hA at an average quality X of refrigerant of
20%, 50% or 80%, and the relationship between the
opening ratio and the coefficient of friction f when the
average quality X of refrigerant was 50% (Reynolds
number of refrigerant: 104), the relationships being de-
termined by the same method as in Evaluation Test 1.
FIG. 16 shows the result.
[0049] FIG. 16 indicates that at any value of average
quality X, the thermal conductance hA is greater when
the reinforcing walls are formed with communication
holes than when no holes are formed, and that the ther-
mal conductance hA is especially great at an opening
ratio of 20%.

Evaluation Test 4

[0050] The refrigerant tubes of Examples 1 to 4 and
Comparative Example were used to determine, by the
same method as in Evaluation Test 1, the relationship
between the opening ratio and the heat transfer coeffi-
cient h at an average quality X of refrigrant of 20%, 50%
or 80%, and the relationship between the opening ratio
and the coefficient of friction f when the average quality
X of refrigerant was 50% (Reynolds number: 104). FIG.
17 shows the result.
[0051] FIG. 17 indicates that at any value of average
quality X, the heat transfer coefficient h is greater when
the reinforcing walls are formed with communication
holes than when no holes are formed, and that the heat
transfer coefficient h is especially great at an opening
ratio of 20%.

Evaluation Test 5

[0052] Three kinds of condensers of the multiflow type
shown in FIG. 19 were fabricated using the refrigerant
tube of Example 2 or Comparative Example. More spe-
cifically, 37 refrigerant tubes, and corrugated fins, 22
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mm in width, 7 mm in height and 1 mm in fin pitch, were
used for making a core portion measuring 326 mm in
width, 330.5 mm in height and 0.108 m2 in front area,
and opposite ends of each tube were connected to right
and left headers. No partition was provided in opposite
headers in the condenser of the type I (single pass). The
condenser of the type II had a partition inside the left
header above the midportion thereof, another partition
inside the right header below the midportion thereof, 20
refrigerant tubes positioned above the partition of the
left header, 11 refrigerant tubes arranged between the
two partitions, and 6 refrigerant tubes positioned below
the partition of the tight header (three passes). The con-
denser of the type III had two partitions positioned re-
spectively in an upper portion and a lower portion of the
left header, two partitions positioned inside the right
header, one at an intermediate level between the two
partitions of the left header and the other at a level below
the lower partition of the left header, 12 refrigerant tubes
positioned above the upper partition of the left header,
9 refirgerant tubes between the upper partition of the left
header and the upper partition of the right header, 7 re-
frigerant tubes positioned between the upper partition
of the right header and the lower partition of the left
header, 5 refrigerant tubes positioned between the low-
er partition of the left header and the lower partition of
the right header, and 4 refrigerant tubes positioned be-
low the lower partition of the right header (five passes).
The condensers were checked for the relationship be-
tween the refrigerant pressure loss ∆Pr and the quantity
of heat radiated per unit front area, Q/Fa. FIG. 18 shows
the result.
[0053] FIG. 18 shows that the capacitor comprising
the refrigerant tube wherein the reinforcing walls are
formed with communication holes at an opening ratio of
20% exhibits an improved performance over the con-
denser comprising the refrigerant tube having no com-
munication holes in the reinforcing walls and achieves
an improvement even when the pressure loss is the
same.

Claims

1. Heat exchanger refrigerant tube comprising a flat
aluminum tube (7) having parallel refrigerant pas-
sages (6) and comprising upper and lower walls and
a plurality of reinforcing walls (5) connected be-
tween the upper and lower walls, the reinforcing
walls (5) extending longitudinally of the tube and
spaced apart from one another by a predetermined
distance, the flat aluminum tube being formed by
joining upper and lower aluminum sheets so as to
define a hollow portion by the two aluminum sheets,
the reinforcing walls (5) being formed by a ridge pro-
jecting inward from one of the upper and lower walls
integrally therewith and joined to a flat inner surface
of the other wall, the reinforcing walls (5) being each

formed with a plurality of communication holes for
causing the parallel refrigerant passages (6) to
communicate with one another therethrough, the
communication holes are formed by cutouts formed
in an edge of the ridge at a predetermined spacing
and having their openings closed by the other wall,
each of the reinforcing walls (5) being 10 to 40% in
opening ratio which is the proportion of the area of
all the communication holes in the reinforcing wall
(5) to the surface area of the reinforcing wall.

2. Heat exchanger refrigerant tube as defined in claim
1, wherein the opening ratio is 10 to 30%.

3. Heat exchanger refrigerant tube as defined in claim
1, wherein the opening ratio is about 20%.

4. Heat exchanger refrigerant tube as defined in claim
1, 2 or 3, wherein the communication holes are rec-
tangular or trapezoidal in shape.

5. Heat exchanger refrigerant tube as defined in claim
1, 2 or 3, wherein the communication holes formed
in the plurality of reinforcing walls are in a staggered
arrangement relative to an adjacent reinforcing
wall.

6. Heat exchanger refrigerant tube as defined in claim
1, wherein the aluminum sheet comprises a brazing
sheet having a brazing filler metal layer over at least
one of opposite surfaces thereof.

Patentansprüche

1. Kühlrohr für Wärmetauscher, mit einem flachen
Aluminium-Rohr (7) mit parallelen Kühlmittelkanä-
len (6) und oberen und unteren Wänden sowie einer
Anzahl von Verstärkungswänden (5), die mit den
oberen und unteren Wänden verbunden sind, wel-
che Verstärkungswände (5) sich in Längsrichtung
des Rohrs erstrecken und in einem vorbestimmten
Abstand voneinander angeordnet sind, wobei das
flache Aluminiumrohr durch Zusammenfügen von
oberen und unteren Aluminiumblechen gebildet
wird, so daß durch die zwei Aluminiumbleche ein
Hohlraum gebildet wird, und die Verstärkungswän-
de (5) durch eine Rippe gebildet werden, die ent-
weder von der oberen oder der unteren Wand vor-
springt und einteilig mit dieser ausgebildet ist und
mit einer flachen inneren Oberfläche der gegen-
überliegenden Wand verbunden ist, und welche
Verstärkungswände (5) jeweils mit einer Anzahl von
Durchgangslöchern versehen sind, durch welche
die parallelen Kühlmittelkanäle (6) miteinander ver-
bunden werden, welche Durchgangslöcher durch
Ausschnitte gebildet werden, die in einer Kante der
Rippe in einem vorbestimmten Abstand angeordnet

11 12



EP 0 762 070 B1

8

5

10

15

20

25

30

35

40

45

50

55

sind und deren Öffnungen durch die gegenüberlie-
gende Wand umschlossen werden, wobei jede der
Verstärkungswände (5) ein Öffnungsverhältnis von
10 bis 40% aufweist, welches das Verhältnis der
Fläche der Durchgangslöcher in der Verstärkungs-
wand (5) zur Oberfläche der Verstärkungswand
darstellt.

2. Kühlrohr für Wärmetauscher gemäß Anspruch 1,
bei welchem das Öffnungsverhältnis 10 bis 30% be-
trägt.

3. Kühlrohr für Wärmetauscher gemäß Anspruch 1,
bei welchem das Öffnungsverhältnis etwa 20% be-
trägt.

4. Kühlrohr für Wärmetauscher gemäß Anspruch 1, 2
oder 3, bei welchem die Durchgangslöcher eine
rechteckige oder trapezförmige Form aufweisen.

5. Kühlrohr für Wärmetauscher gemäß Anspruch 1, 2
oder 3, bei welchem die Durchgangslöcher in den
Verstärkungswänden gegenüber einer benachbar-
ten Verstärkungswand versetzt angeordnet sind.

6. Kühlrohr für Wärmetauscher gemäß Anspruch 1,
bei welchem das Aluminiumblech ein Lötblech um-
faßt, das zumindest auf einer seiner gegenüberlie-
genden Oberflächen mit einer Lötmetall-Füllschicht
versehen ist.

Revendications

1. Tube de réfrigérant pour échangeur de chaleur,
comprenant un tube en aluminium plat (7) ayant des
passages de réfrigérant parallèles (6) et compre-
nant des parois supérieure et inférieure et de mul-
tiples parois de renforcement (5) établissant une
liaison entre les parois supérieure et inférieure, les
parois de renforcement (5) s'étendant dans la direc-
tion longitudinale du tube et étant espacées les
unes des autres d'une distance prédéterminée, le
tube en aluminium plat étant formé par la réunion
de feuilles d'aluminium supérieure et inférieure de
façon que les deux feuilles d'aluminium définissent
une partie creuse, les parois de renforcement (5)
étant formées par une nervure faisant saillie vers
l'intérieur à partir de l'une des parois supérieure et
inférieure en étant solidaire de celle-ci, et reliée à
une surface intérieure plate de l'autre paroi, les pa-
rois de renforcement (5) étant pourvues chacune
de multiples trous de communication destinés à fai-
re communiquer les passages de réfrigérant paral-
lèles (6) les uns avec les autres par leur intermé-
diaire, les trous de communication étant réalisés
par des découpes formées dans un bord de la ner-
vure, à un intervalle prédéterminé, et ayant leurs

ouvertures fermées par l'autre paroi, chacune des
parois de renforcement (5) ayant un rapport
d'ouverture de 10 à 40 % qui représente la propor-
tion entre l'aire de tous les trous de communication
de la paroi de renforcement (5) et l'aire de surface
de la paroi de renforcement.

2. Tube de réfrigérant pour échangeur de chaleur se-
lon la revendication 1, dans lequel le taux d'ouver-
ture est de 10 à 30 %.

3. Tube de réfrigérant pour échangeur de chaleur se-
lon la revendication 1, dans lequel le taux d'ouver-
ture est d'environ 20 %.

4. Tube de réfrigérant pour échangeur de chaleur se-
lon la revendication 1, 2 ou 3, dans lequel les trous
de communication ont une forme rectangulaire ou
trapézoïdale.

5. Tube de réfrigérant pour échangeur de chaleur se-
lon la revendication 1, 2 ou 3, dans lequel les trous
de communication formés dans les multiples parois
de renforcement sont disposés en quinconce par
rapport à ceux d'une paroi de renforcement adja-
cente.

6. Tube de réfrigérant pour échangeur de chaleur se-
lon la revendication 1, dans lequel la feuille en alu-
minium comprend une feuille pour brasage ayant
une couche de métal d'apport de brasage sur au
moins l'une de ses surfaces opposées.
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