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() Duplex heat exchanger.

@ A duplex heat exchanger comprises unit heat
exchangers (A, B) which have a plurality of tubes (1,
21) arranged parallel with sach other and comprise
fins (2, 22) each interposed between two adjacent
ones of such tubes, opposite ends of each tube
being connected to a pair of headers (3, 4 and 23,
24) in fluid connection therewith. The unit heat ex-
changers are closely juxtaposed to each other fore
and aft in a direction of air flow. Coolant circuits of
the unit heat exchangers are connected either in
series or in parallel with each other.
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DUPLEX HEAT EXCHANGER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a heat exchanger, and
more particularly to a duplex heat exchanger com-
prising two unit heat exchangers and adapted for
use as the condensers or evaporators in car cool-
ers, or for use as the oil coolers for automobiles or
the likes.

2. Description of the Prior Art

The so-called multi-flow type heat exchanger
has attracted public attention in the uses men-
tioned above. This heat exchanger has a structure,
as disclosed in Japanese Patent Publication Kokai
63-34466, such that a plurality of parallel flat tubes
are connected to a pair of hollow headers at their
opposite ends, respectively, with a corrugated fin
interposed between one such flat tube and the
next. In operation, heat exchange occurs between
coolant and ambient air which flows through
spaces defined between the tubes while the cool-
ant flows through a, coolant circuit composed of
said flat tubes. The known multi-flow type heat
exchanger can be made thinner than the other
known heat exchangers in its dimension in a direc-
tion of air flow, without affecting the efficiency of
heat exchange. Therefore, said multi-flow type heat
exchanger has proved itself better in performance
than the other known heat exchangers of some
types such as the serpentine type.

In a case where a higher capacity of heat
exchange is needed for the multi-flow type heat
exchanger, vertical and/or horizontal dimensions
thereof may be resfricted by a given space for
installation of said heat exchanger. In detail, length
and the number of the tubes are generally delim-
ited by the spatial condition. It has thus been
necessary for the width of said tubes, i.e., the
depth of said heat exchanger, to be increased to
meet the required greater capacity.

However, a larger width of the tubes inevitably
causes an outer diameter of the headers to be
increased resulting in decrease of the tubes' length
effective to heat transfer. This problem has been a
bottleneck in increasing the heat transfer capacity
to a satisfactory degree.

OBJECTS AND SUMMARY OF THE INVENTION
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JAn object of the invention is therefore to pro-
vide a heat exchanger which is adapted to increase
the heat transfer capacity thereof.

Another object is provide a heat exchanger
whose heat transfer capacity can be increased
without necessitating an excessively wide space.

A further object of the invention is fo provide a
heat exchanger which is so beneficially constructed
that an optimal design is readily chosen for a
higher efficiency of heat transfer and also for a
lower loss of fluid pressure.

The invention aims to provide a duplex heat
exchanger which, in order to achieve the ab-
ovementioned objects, comprises unit heat ex-
changers of the multi-flow type wherein these unit
heat exchangers are disposed fore and aft in a
direction of air flow.

In more detail, the duplex heat exchanger in
accordance with the present invention is character-
ized in that the unit heat exchangers which respec-
tively comprise a plurality of tubes arranged par-
allel with each other and with a fin interposed
between one of such tubes and the next, opposite
ends of each tube being connected to a pair of
headers in fluid connection therewith, are closely
juxtaposed to each other fore and aft in the direc-
tion of air flow wherein coolant circuits of said unit
heat exchangers are connected either in series or
in parallel with each other. In such a configuration,
heat transfer between coolant and air flow takes
place in the forehand unit heat exchanger as well
as in the rearward one so that an amount of trans-
ferred heat increases as a whole.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the invention
will become apparent from the description given
hireinunder referring to the accompanying draw-
ings, in which:

Fig. 1 is a perspective view showing a duplex
heat exchanger according to a first embodiment
of the invention, in a separated state of a fore-
hand and a rearward unit heat exchangers;

Fig. 2 is a front elevation of the entirety of the
duplex heat exchanger shown in Fig. 1;

Fig. 3 is a plan view of said entirety;

Fig. 4 is similarly a side elevation of said en-
tirety; '

Fig. 5 is a perspective view showing a separated
state of a header, tubes and corrugated fins of
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the forehand or rearward unit heat exchanger;
Fig. 6 is a cross section taken along a line 6 - 6
in Fig. 2;

Fig. 7 is an enlarged cross section of the fore-
hand or rearward unit heat exchanger, seen in
the same direction as in Fig. 6;

Fig. 8 is an enlarged front elevation showing the
tubes and the corrugated fins;

Fig. 9 illustrates a coolant circuit in the duplex
heat exchanger shown in Fig. 1;

Fig. 10 is a perspective view showing another
duplex heat exchanger according to a second
embodiment of the invention, in a separated
state of a forehand and a rearward unit heat
exchangers;

Fig. 11 illustrates a coolant circuit in the duplex
heat exchanger shown in Fig. 10;

Fig. 12 is a perspective view showing still an-
other duplex heat exchanger according to a third
embodiment of the invention, in a separated
state of a forehand and a rearward unit heat
exchangers;

Fig. 13 is side elevation showing an assembled
state of the duplex heat exchanger shown in Fig.
12;

Fig. 14 is a perspective view of a further duplex
heat exchanger according to a fourth embodi-
ment;

Fig. 15 illustrates a coolant circuit in the duplex
heat exchanger shown in Fig. 14;

Fig. 18 is a cross section, taken in a horizontal
direction, of a still further duplex heat exchanger
according to a fifth embodiment;

Fig. 17 is a cross section taken along a line 17 -
17 in Fig. 16;

Fig. 18 is a perspective view of a yet further
duplex heat exchanger according to a sixth em-
bodiment;

Fig. 19 is a perspective view illustrating an es-
sential part of the duplex heat exchanger shown
in Fig. 18; and

Fig. 20 is a schematic plan view illustrating still
another duplex heat exchanger according to a
seventh embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

Figs. 1 to 9 shows an embodiment in which the
invention is applied to an evaporator made of
aluminum-based alloy for us as a car cooler. The
reference symbol "H" denotes a duplex heat ex-
changer which comprises a forehand unit heat ex-
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changer "A" located at an upstream side, as well
as a rearward unit heat exchanger "B" located at
downstream side with respect to a direction "W" of
air flow.

The forehand unit heat exchanger "A" is com-
posed of a plurality of horizontally disposed tubes
1 stacked in a vertical direction, of corrugated fins
2 interposed between two of such tubes adjacent to
each other, and of a left-hand header 3 and a right-
hand header 4. The tubes 1 are made of an ex-
truded profile pipe of said aluminum-based alloy.
Alternatively, the tubes 1 may be porous or perfo-
rated tubes such as "harmonica tubes™ or may be
made of an upset-welded pipe. The corrugated fins
2 are of substantially the same width as the tubes
1 and are soldered thereto. The corrugated fins 2
are made of the same or other aluminum-based
alloy, and preferably are formed with louvers cut
and raised from main bodies of the fins. A cylin-
drical pipe made of an aluminum-based alloy and
having inner and/or outer surfaces coated with a
soldering agent is used to manufacture the headers
3 and 4. Tube receiving apertures 5 are formed at
regular intervals in a longitudinal direction of each
header so that respective ends of each tube 1 are
inserted in the tube receiving apertures and
securedly soldered thereto. Cover plaies 6 are
fixed to an upper end and a lower end of the left-
hand header 3, and other cover plates 7 are simi-
larly fixed to an upper end and a lower end of the
right-hand header 4. Side plates 8 are disposed
outside of the outermost corrugated fins 2.

The rearward unit heat exchanger "B" com-
prises tubes 21, corrugated fins 22, a left-hand
header 23 and a right-hand header 24 wherein tube
receiving apertures 25, cover plates 26 and 27 and
side plates 28 are provided in a manner similar to
that in the forehand unit heat exchanger "A". How-
ever, a distance "LB" between the lefi-hand and
the right-hand headers in the rearward unit heat
exchanger "B" is greater than a similar distance
"LA" in the forehand unit heat exchanger "A". By
virtue of such a difference between the distances
"LA" and "LB", the forehand and rearward headers
do not overlap each other and the depth of the
duplex heat exchanger as a whole is reduced to a
significant degree. This enhances compactness of
the heat exchanger so that space occupied by it in
the automobiles or the likes is advantageously de-
creased.

Coolant paths of the forehand unit heat ex-
changer "A" are connected in series to those of
the rearward one "B". In detail, a coolant inlet pipe
40 is connected to an upper portion of the left-hand
header 23 of the rearward unit heat exchanger "B™.
A coolant outlet pipe 50 is connected to an upper
portion of the left-hand header 3 of the forehand
unit heat exchanger "A". Said left-hand headers 3
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and 23 of the forehand and rearward unit heat
exchangers "A" and "B" are interconnected by a
joint pipe 60. The reference numerals 71 and 72 in

Figs. 2 and 3 denote brackets for fixing said unit -

heat exchangers one to another.

A partition plate 29 in the left-hand header 23
is located at a middle portion thereof so that said
header 23 of the rearward unit heat exchanger "B"
is partitioned into an upper and a lower chambers.
On the other hand, other partition plates 9 in the
left-hand header 3 are positioned respectively
above and below a middle portion thereof, thus
partitioning said header 3 of the forehand unit heat
exchanger "A" into three chambers. Further, still
another partition plate 10 in the right-hand header 4
at a middle portion thereof partitions same into two
chambers for the forehand unit heat exchanger
"A". Due to the partitions 29, 9 and 10, coolant
flows in such a manner as illustrated in Fig. 9
wherein the coolant enters the lefi-hand header 23
of the rearward heat exchanger "B" through the
coolant inlet pipe 40 so that it makes a U-turn
within said heat exchanger before flowing into the
lower chamber of said header 23. The coolant then
advances through the joint pipe 60 into the lower
chamber of the left-hand header 3 of the forehand
heat exchanger "A". Subsequently, the coolant
makes U-turn three times from one group of tubes
to the next group of tubes within the forehand heat
exchanger "A" so as tfo rise from a bottom thereof.
Upon arrival at the upper chamber of said lefthand
header 3, the coolant leaves it through the coolant
outlst pipe 50. Heat transfer occurs between an air
flow indicated by an arrow "W" and the coolant
flowing through the tubes of said unit heat ex-
changers "A" and "B". A sufficient difference is
assured between the coolant temperature and the
air flow temperature in the embodiment because
the coolant is flowed from the rearward heat ex-
changer lying leeward to the forehand one standing
o the windward. 1t is also an important feature that
the times of coolant U-turn between the groups of
tubes in the forehand heat exchanger "A" is more
than that in the rearward heat exchanger "B". Such
a structure makes less a total cross-sectional area
of coolant paths in the forehand heat exchanger
"A" than that in the rearward one "B" incorrespon-
dence with a change in volume of the coolant
flowing through the duplex heat exchanger em-
ployed as a condenser. It is to be noted in this
connection that the coolant flowing into the rear-
ward heat exchanger "B" is still in its gas state of a
larger volume but it is gradually cooled down there-
in into its liquid state of a smaller volume. There-
fore, the -larger cross-sectional area of coolant
paths in the rearward heat exchanger "B" is useful
for sufficient heat transfar of the coolant in its gas
state in said heat exchanger. At the same time,
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undesirable pressure loss is diminished to a mini-
mum though the cross-sectional area in the fore-~
hand heat exchanger "A" is decreased correspond-
ing to shrinkage of the coolant therein, thereby
improving heat transfer efficiency of the duplex
heat exchanger as a whole. The cross-sectional
area in the forehand heat exchanger "A" is set at
30 to 60 % of that in the rearward heat exchanger
"B". In a case wherein the area in forehand heat
exchanger "A" adapted to the supercooling of cool-
ant is below 30 %, this excessively decreased area
brings about an undesirable great pressure loss in
said heat exchanger "A" on one hand, and a su-
perfluously large area of coolant paths in the rear-
ward heat exchanger "B" adapted to condense the
coolant will on the other hand undesirably decrease
a flow rate of coolant to lower the heat transfer
efficiency. In another case wherein the coolant path
area in the forehand heat exchanger "A" is above
60 % of that in the rearward heat exchanger "B",
such a small area in "B" will increase the pressure
loss of coolant therein and lower the heat iransfer
capacity due to insufficient area of heat transfer
surfaces. Therefore, it is desirable to set the cross-
sectional area of coolant paths in the forehand heat
exchanger "A" o be 30 to 60 %, and more prefer-
ably 35 to of that in the rearward heat exchanger
"B" in order for the duplex heat exchanger to
perform efficient heat transfer under a lower pres-
sure loss.

Other parameters for better performances of
the forehand and rearward heat exchangers "A"
and "B" are as follows.

The aforementioned tubes 1 and 21 may pref-
erably be 6 to mm in width "Wt", 1.5 to 7 mm in
height "Ht", and 1.0 mm or more in an inner height
"Hp" of coolant path. rne corrugated fins 2 and 22
may preferably be 6 to 16 mm in height "Hf" ( that
is, a distance between two adjacent tubes 1 or 21 ),
and 1.6 to 4.0 mm in fin pitch "Fp". Reasons for
such dimensions will be given below.

Tube width "Wt" less than 6 mm will make too
narrow the width of the corrugated fins 2 and 22
which are interposed respectively between the two
adjacent tubes 1 or 21. A larger tube width above
20 mm will cause an excessively large width of
said fins 2 and 22, which in turn causes an in-
creased resistance against air flow therethrough in
addition to an overweight of the condenser. Thus,
the range of 6 to 20 mm is desirable, and a range
of 10 to 20 mm is more desirable.

Tube height "Ht" above 7 mm will increase the
resistance of the tubes against air flow, and said
height below 1.5 mm will make it difficult to obtain
the inner height "Hp" of coolant path greater than
1.0 mm with a sufficient wall thickness of the tubes.
The range of 1.5 to 5 mm, or more particularly a
range 2 to 4 mm is preferable.
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If said inner height "Hp" of coolant path were
less than 1.0 mm, then the loss in coolant pressure
would undesirably increase lowering the heat trans-
fer efficiency. A range of 1.0 to 3.0 is preferable.

Fin height "Hf " less than 6 mm will bring
about an increased pressure loss of air flow pene-
trating through the fins, though fin height of 16 mm
or more will reduce the number of mounted fins,
reducing the "fin effect” and making worse the
heat transfer performance. Therefore, fin height is
selected from the aforementioned range of 6 o 16
mm, or more preferably from a range of 8 to 12
mm is selected.

As for fin pitch "Fp", the air flow pressure loss
increases with its value below 1.6 mm whereas
heat transfer performance becomes worse with its
value above 4.0 mm. The most preferable range is
from 2.0 to 3.6 mm.

As described above, the most adequate dimen-
sions are selected as to the shapes of tubes 1 and
21 and the corrugated fins 2 and 22 which give
important influences on the performance of con-
denser. Selection of the dimensions of tube width,
tube height, inner height of coolant path, fin height
and fin pitch respectively from the ranges referred
to above will provide the condenser which can be
operated efficiently in an optimal manner wherein a
good balance is realized between the pressure loss
of coolant or airflow and the heat fransfer char-
acteristics, without being accompanied by any sig-
nificant increase in the weight of condenser.

Second Embodiment

A second embodiment of the invention is illus-
trated in Fig. 10 and 11. The same reference
numerals are allotted to the same parts or ele-
ments as those in the first embodiment, and de-
scription of such parts or elements is not repeated
here. The second embodiment also is applied to a
condenser and comprises a forehand heat ex-
changer "A" connected in series to a rearward heat
exchanger "B". However, coolant flows through the
forehand heat exchanger "A" from its upper region
toward its lower region, contrary to the flow direc-
tion in the first embodiment. A lower chamber of a
left-hand header 23 of the rearward heat exchanger
"B" is brought by a joint pipe 60 into fluid commu-
nication with an upper chamber of a left-hand
header 3 of the forehand heat exchanger "A".
Consequently, coolant which enters the rearward
heat heat exchanger "B" through a coolant inlet
pipe 40 will make then a U-turn before it arrives at
the lower chamber of said lower chamber of the
left-hand header 23 and hence moves into said
upper chamber of the left-hand header 3. The
coolant descends zigzag to the lower region of the
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forehand heat exchanger "A" while making U-turns
thersin, and is discharged from said heat exchang-
er "A".

It is an important feature peculiar to the second
embodiment that positions of partition plates 9, 10
and 29 are determined such that cross-sectional
areas of tube groups arranged in a serpentine
pattern throughout the forehand and rearward heat
exchangers "A" and "B" decrease gradually and
stepwise in a direction from inlet toward outlet of
coolant. Said cross-sectional areas depend on the
numbers of tubes in the groups thereof. Said parti-
tion plates 9, 10 and 29 are disposed so as to form
the tube groups consisting of thirteen, fen, eight,
six, five and four pipes in said direction. Such a
gradual change in the number of tubes in the
second embodiment corresponds more exactly to
the change in the specific volume of coolant, thus
providing more efficient condenser.

Fin pitch "Fpa" in the forehand heat exchanger
"A" is greater than fin pitch "Fpg" in the rearward
heat exchanger so that. This means that heat trans-
fer surface per unit area seen in the direction of air
flow is narrower in the forehand heat exchanger
"A" than that in the rearward heat exchanger "B".
Such different fin pitches "Fp," and "Fpg" is effec-
tive to improve heat transfer efficiency, without
increasing air flow pressure loss. It is recommend-
ed to adopt a value of 1.07 to 1.8 as a ratio of
"Fpa" to "Fpg". A ratio less than 1.07 will result in
a greater pressure loss of air flow and a lower
efficiency of heat radiation. A ratio higher than 1.8
however will likewise result in an insufficient heat
radiation efficiency, apart from an enough decrease
in the pressure loss. A narrower range of the ratio
from 1.1 to 1.6 is more preferable. Even in a case
wherein the core sizes of the forehand and rear-
ward heat exchangers are the same, the ratio
should fall within the range of 1.07 to 1.8, and more
desirably within the range of 1.1 to 1.6 for the
same reason as mentioned above.

Third Embodiment

A third embodiment also is applied to a con-
denser shown in Figs. 12 and 13 and comprising a
forehand heat exchanger "A" which is connected in
series fo a rearward heat exchanger "B" and is of
the same size as the former. Headers, tubes and
corrugated fins in the third embodiment are respec-
tively of the same siruciures and are given the
same reference numerals as those in the first em-
bodiment, so that description thereof is not re-
peated.

In this embodiment, joint blocks are utilized to
connect the heat exchangers "A" and "B" into fluid
communication with each other. A male joint block
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80 is welded or otherwise attached to a lowermost
portion of a left-hand header 3 in the forehand heat
exchanger "A". The male joint block 80 has a lug
81 protruding from an inner side, and a coolant
passage 82 is formed through the lug 81 so as {o
be in fluid connection with the lefi-hand header 3.
On the other hand, a female joint block 90 is fixed
to a lowermost portion of the left-hand header 23 in
the rearward heat exchanger "B". An aperture 91 is
formed at inner side of and through the female joint
block so as to be likewise in fluid connection with
the left-hand header 23. To combine the male joint
block with the female joint block, the lug 81 is
engaged with the aperture 91, the inner sides of
the blocks thereby being brought into close contact
with each other. Then a bolt 100 is inserted
through a hole 83 of the male block 80 into an
internally-threaded hole 92 of the female block 90.
In this way, the coolant paths of the forehand and
rearward heat exchangers "A" and "B" are con-
nected in series. Further, fixed to an uppermost
portion of the rearward heat exchanger "B" is an
inlet block 110 having a hole. A pipe attaching
block 120 which has a lug 121 and an attached
inlet pipe 130 is mounted to the inlet block 110, by
engaging the lug 121 with the hole of the inlet
block, and is fastened thereto by means of a bolt
140. Similarly, an outlet block 150 having a hole
151 is fixed to an uppermost portion of the left-
hand header 3 in the forehand heat exchanger "A".
A pipe attaching block 160 which has a lug 161
and an attached outlet pipe 170 is mounted to the
outlet block 150, by engaging the lug 161 with the
hole 151 of the outlet block, and is fastened thereto
by means of a bolt 180.

Such a connection system as using the joint
blocks and other blocks as in this embodiment is

advantageous in that the forehand and rearward

unit heat exchangers can be separately manufac-
tured and inspected for coolant leakage. Assembly
of the two unit heat exchangers into a duplex heat
exchanger is easily carried out at a final step in the
manufacture process whereby workshop operations
and productivity are improved.

Fourth Embodiment

Figs. 14 and 15 show a fourth embodiment
also applied to a condenser. This embodiment is
different from the first embodiment in that a fore-
hand and a rearward heat exchangers "A" and "B"
of the same shape and the same dimension are
connected parallel with each other. A bifurcate inlet
pipe 190 for coolant is attached to upper portions
of left-hand headers 3 and 23 of the respective
heat exchangers "A" and "B". A bifurcate outlet
pipe 200 is connected to bottoms of said left-hand

10

15

20

25

30

35

40

45

50

55

headers 3 and 23. A partition plate 9 is secured in
the left-hand header 3 at its middle portion, for the
forehand heat exchanger, while two partition plates
29 are secured in the left-hand header 23 respec-
tively at its upper and lower portions. Further, an-
other partition plate ( not shown ) is similarly se-
cured in a right-hand header 24 at its middle por-
tion. Those partition plates cause coolant which
enter the heat exchangers "A" and "B" through the
bifurcate inlet pipe 190 to make a U-turn within the
forehand heat exchanger "A" and to make three U-
turns within the rearward heat exchanger "B". Fi-
nally, the coolant is collected into lower chambers

 of the left-hand headers 3 and 23 before it leaves

this duplex heat exchanger through the bifurcate
outlet pipe 200. The coolant is caused to make U-
turn more times in the rearward heat exchanger
"B" than in the forehand heat exchanger "A" be-
cause a total length of coolant flow paths is o be
greater for the rearward heat exchanger "B" which
lies leeward and is thus of a lesser efficiency of
heat iransfer. A good balance between the heat
transfer efficiency of the two heat exchangers is
assured in this manner in the fourth embodiment.

Fifth Embodiment

Figs. 16 and 17 show a fifth embodiment in
which wide corrugated fins 210 extend from a
forehand heat exchanger "A" to a rearward heat
exchanger "B" so as to span them. This structure
provides direct connection between cores of said
heat exchangers "A" and "B", thereby improving
their heat transfer efficiencies as a whole. Mechani-
cal strength of connection is also enhanced so that
only one of the heat exchangers need be secured
fo a body of automobile. This reduces the number
of parts necessary for mounting this duplex heat
exchanger to automobiles or the likes, and thereby
improves productivity of the heat exchanger.

Sixth Embodiment

Figs. 18 and 19 show a sixth embodiment
which is applied to an evaporator for car coolers. In
the sixth embodiment which is suited to reduce
coolant pressure loss in evaporators, tubes of a
forehand heat exchanger "A" as well as tubes of a
rearward heat exchanger "B" are vertical and paral-
lelly arranged in a right-to-left direction. Upper
headers 3 and 23 and lower headers 4 and 24
disposed horizontally. A bifurcate inlet pipe 220 for
coolant is connected to left ends of the upper
headers 3 and 23. Likewise, a bifurcate outlet pipe
230 is connected to right ends of the lower headers
4 and 24, coolant paths of the two heat exchangers
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"A" and "B" thereby running parallel with each
other. Coolant flows into the heat exchangers "A"
and "B" through the inlet pipe 220, descends fo
the lower headers 4 and 24, and then flows out of
the heat exchangers through the outlet pipe 230.
As shown in Fig. 19, fin pitch "Fpg" of corrugated
fins 22 in the rearward heat exchanger "B" is made
greater than that "Fp," in the forehand heat ex-
changer "A". Such a greater fin pitch "Fpg" in the
rearward heat exchanger prevents the so-called
water-drop-flying which would otherwise be caused
by air flow forcing toward a cabin of the automobile
such condensed water that is retained between the
fins in the rearward heat exchanger due to the
capillary phenomenon. Some partition plates may
be fixed inside the upper and lower headers to
cause coolant to meander along zigzag paths.

Three unit heat exchangers "A", "B" and "C"
as shown in Fig. 20 may be combined though two
unit heat exchangers are arranged fore and aft in
the first to sixth embodiments. Further, four or
more unit heat exchangers may be combined in
the invention.

As will be apparent from the above description,
the duplex heat exchanger in invention is con-
structed such that the fins are each interposed
between two adjacent tubes each having ends re-
spectively connected to the hollow headers in fluid
connection therewith. A plurality of the unit heat
exchangers are aligned with each other in the di-
rection of air flow, and the coolant paths of said
heat exchangers are connected in series or parallel
with each other. Therefore, the capacity of heat
transfer can be increased for the duplex heat ex-
changer as whole because each unit heat exchang-
er contributes to the heat transfer therein. Such a
combination of two or more unit heat exchangers
provides a higher degree of freedom in selecting
the number and/or location of the partition plates in
order to form a desired coolant flow circuit. Thus,
an optimal design of the duplex heat exchanger
can be employed for a higher heat transfer effi-
ciency and for a lower pressure loss which are
indispensable to a good heat exchanger.

Claims

1. A duplex heat exchanger comprising unit heat
exchangers (A & B) which respectively comprise a
plurality of tubes (1, 21) arranged parailel with each
other and comprise fins (2, 22) each interposed
between one of such tubes and the next, opposite
ends of each tube being connected to a pair of
headers (3, 4 and 23, 24) in fluid connection there-
with, characterized in that the unit heat exchangers
(A & B) are closely juxtaposed to each other fore
and aft in a direction of air flow so that coolant
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circuits of the unit heat exchangers are connected
either in series or in parallel with each other.

2. A duplex heat exchanger according to claim 1,
characterized in that the coolant paths in the unit
heat exchangers are connected in series and cool-
ant flows from one of the unit heat exchangers
lying on the leeward into other unit heat exchanger
standing to the windward of the air flow (W)

3. A duplex heat exchanger according to claim 2,
characterized in that the coolant paths in the unit
heat exchangers are meanders which make zigzag
turns defined by partition plates (9, 10, 29) fixed
inside of the headers.

4. A duplex heat exchanger according to claim 3,
characterized in that the number of zigzag turns
made within the unit heat exchanger standing to
the windward is greater than that made within the
other unit heat exchanger lying on the leeward so
that a total cross-sectional area of the former heat
exchanger is smaller than that of the latter heat
exchanger when the heat exchanger is used as a
condenser.

5. A duplex heat exchanger according to claim 4,
characterized in that the total cross-sectional area
of the coolant paths in the unit heat exchanger
standing to the windward is about 30% to 60% of
that in the unit heat exchanger lying on the lee-
ward. )

6. A duplex heat exchanger according to claim 3,
characterized in that the total cross-sectional area
of the coolant paths gradually decreases from an
inlet toward an outlet of the coolant whereby the
duplex heat exchanger is adapted for use as a
condenser.

7. A duplex heat exchanger according to claim 1,
characterized in that a surface area in contact with
the air flow in one of two unit heat exchangers
which stands to the windward is smaller than that in
other unit heat exchanger.

8. A duplex heat exchanger according to claim 1,
characterized in that the tubes are 6 to 20 mm in
width and 1.5 to 7.0 mm in height, coolant paths of
tubes are 1.0 mm or more in height, the fins are 6
to 16 mm in height and fin pitch is 1.6 to 4.0 mm.
9. A duplex heat exchanger according to claim 1,
characterized in that a distance between the head-
ers in one unit heat exchanger is different from
those in other unit heat exchangers.

10. A duplex heat exchanger according to claim 1,
characterized in that the coolant circuits of the unit
heat exchangers are connected parallel with each
other so that coolant flows simultaneously through
the unit heat exchangers, at least one unit heat
exchanger lying on the leeward is provided with the
coolant circuit which is of a serpentine type inciud-
ing U-turns.

11. A duplex heat exchanger according to claim 10,
characterized in that the number of U-turns within
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the coolant circuit in the unit heat exchanger lying
on the leeward is greater than that in other unit
heat exchangers standing fo the windward.

12. A duplex heat exchanger according to claim 10,
characterized in that the fins are each spanned
between two adjacent unit heat exchangers.

13. A duplex heat exchanger according to claim 10,
characterized in that the headers in the unit heat
exchangers are horizontal and are connected with
the tubes disposed vertically, the coolant circuits of
the unit heat exchangers are connecied parallel
with each other so that coolant flows simultaneous-
ly through the unit heat exchangers, the fin pitch in
the unit heat exchanger lying on the leeward is
greater than that in other unit heat exchangers
standing to the windward when the heat exchanger
is used as an evaporator.
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