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A condenser adapted for use in the car cooling system, the 
condenser comprising a pair of headers provided in parallel 
with each other; a plurality of tubular elements whose 
opposite ends are connected to the headers; fins provided in 
the air paths between one tube and the next; wherein each of 
the headers is made of a cylindrical pipe of aluminum; 
wherein each of the tubular elements is made of a flat hollow 
tube of aluminum by extrusion; and wherein the opposite 
ends of the tubular elements are inserted into slits produced 
in the headers so that they are liquid-tightly soldered therein. 
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90/003796, filed Apr. 19, 1995, have been considered and 
the results thereof are reflected in this reissue patent which 
constitutes the reexamination certificate required by 35 
U.S.C. as provided in 37 CFR 1.570(e). 
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Re. 35,711 
1. 

CONDENSER FOR USE IN A CAR COOLNG 
SYSTEM 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

RELATED APPLICATION 

This application is a continuation of application Ser. No. 
671365, filed Mar. 19, 1991, now U.S. Pat. No. 5,190,100, 
which is a continuation of application Ser. No. 509,901, filed 
Apr. 16, 1990, now U.S. Pat. No. 5.025,855, which is a 
division of application Ser. No.328,896. filed Mar. 27, 1989, 
now U.S. Pat. No. 4,936,379, which is a division of appli 
cation Ser. No. 077,815, filed Jul 27, 1987, now U.S. Pat, 
No. 4,825.941. 

BACKGROUND OF THE INVENTTON 

1. Field of the Invention 

The present invention relates to a condenser for use as a 
cooler in automobiles, and more particularly to a condenser 
for such use, which is made of aluminum. Herein "alumi 
num” includes aluminum alloys. 

2. Description of the Prior Art 
In general heat exchangers as car coolers use a high 

pressure gaseous coolant, and they must have an anti 
pressure construction. 
To this end the known heat exchangers are provided with 

a core which includes flat tubes arranged in ZigZag forms, 
each tube having pores, and fins interposed between one 
tube and the next. Hereinafter this type of heat exchanges 
will be referred to as a serpentine type heat exchanger. 
The serpentine type heat exchangers are disadvantageous 

in that the coolant undergoes a relatively large resistance 
while flowing throughout the tubes. To reduce the resistance 
the common practice is to use wider tubes so as to increase 
the cross-sectional area thereof. However this leads to a 
large core, and on the other hand an accommodation space 
in the automobile is very much limited. As a result this 
practice is not always effective. 

Another practice is to placing more fins by reducing the 
distance between the tubes. This requires that the height of 
each fin is reduced. However, when the fins are too small the 
bending work becomes difficult, and takes more time and 
labor. 

In general the condenser has a coolant path which consists 
of two sections, that is, an inlet section, hereinafter referred 
to as "supercooling section" in which the coolant is still 
gaseous, and an outlet section, hereinafter referred to as 
"supercooling section" in which it becomes liquid. In order 
to increase the heat exchange efficiency it is essential to 
increase the area for effecting heat transfer in the condensing 
section, whereas it is no problem for the supercooling 
section to have a reduced area for heat transfer. 
The conventional serpentine type heat exchangers have a 

coolant passageway which consists of a single tube. It is 
impossible for a single tube to be large in some part, and 
Small in others. If the tube is to have a wider cross-sectional 
section the tube per se must be large throughout the entire 
length; in other words a large tube must be used. This of 
course leads to a large condenser. 
As is evident from the foregoing description it is difficult 

to improve the conventional serpentine type heat exchangers 
merely by changing the dimensional factors thereof. 
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2 
Basically the serpentine type heat exchangers involve the 

complicate process which consists of bending tubes, and 
then assembling them into a core in combination with fins. 
This is why it is difficult to produce the heat exchangers on 
automatic mass production line. Non-automatic production 
is costly. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

The present invention aims at solving the difficulties 
pointed out with respect to the conventional serpentine type 
heat exchangers, and has for its object to provide a con 
denser having a relatively small core which nevertheless 
includes a large effective cross-sectional area for coolant 
passageways, thereby reducing a possible resistance to the 
flow of coolant. 

Another object of the present invention is to provide a 
condenser having coolant passageways which are divided 
into a condensing section and a supercooling section which 
are different in the numbers of tubes from each other. 
A further object of the present invention is to provide a 

condenser having a core whose construction is adapted for 
enhancing the heat exchange efficiency. 

Other objects and advantages of the present invention will 
become more apparent from the following detailed 
description, when taken in conjunction with the accompa 
nying drawings which show, for the purpose of illustrating 
only, one embodiment in accordance with the present inven 
tion. 

According to the present invention there is provided a 
condenser adapted for use in the car cooling system, the 
condenser comprising: 

a pair of headers provided in parallel with each other; 
a plurality of tubular elements whose opposite ends are 

connected to the headers; 
fins provided in the air paths between one tube and the 

next; 
wherein each of the headers is made of a cylindrical pipe 

of aluminum; 
wherein each of the tubular elements is made of a flat 

hollow tube of aluminum by extrusion; and 
wherein the opposite ends of the tubular elements are 

inserted into slits produced in the headers so that they 
are liquid-tightly soldered therein. 

As is evident from the summary of the invention, the 
present invention adopts a multi-flow pattern system, 
whereby the coolant flows through a plurality of tubular 
elements at one time. The effective cross-sectional area for 
coolant passageways can be increased merely by increasing 
the number of tubular elements, thereby reducing resistance 
acting on the coolant. This leads to the reduction in the 
pressure loss of coolant. 

In general, the multi-flow pattern system is difficult to 
withstand a high pressure provided by a pressurized gaseous 
coolant because of the relatively fragile joints between the 
headers and tubular elements, and the headers perse which 
are constructed without presupposing the high pressure 
which would act thereon by the coolant. In order to solve this 
problem encountered by the multi-flow pattern system the 
condenser of the present invention uses a cylindrical pipe for 
the header, and flat tubes for the tubular elements, whose 
opposite ends are inserted in the slits produced in the headers 
and soldered therein, thereby ensuring that the condenser 
withstands a high pressure provided by the coolant. 

Each of the headers is internally divided by a partition into 
at least two sections; that is, a condensing section and a 
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supercooling section, wherein the condensing section has a 
coolant in its gaseous state whereas the supercooling section 
has a coolant in its liquid state. When the coolant is in a 
gaseous state its volume is large, which requires a relatively 
large effective cross-sectional area for the coolant passage 
ways. When it is in a liquid state the volume reduces, thereby 
allowing the coolant passageway to have a relatively small 
cross-sectional area. 

According to the present invention there are provided 
dimensional relationships among the width, height and pitch 
of the tubular elements and fins as follows: 
Width of the tubular element: 6 to 12 mm 
Height of the tubular element: 5 mm or less 
Height of each fin: 8 to 16 mm 
Fin Pitch: 1.6 to 3.2 mm 
The tubular elements are jointed to the headers; more 

specifically, the opposite ends of each tubular element are 
inserted into slits produced in the headers so that they fit 
therein in a liquid-tight manner and then they are soldered 
therein. Prior to the insertion the tubular elements or the 
headers or both are provided with a layer of a soldering 
substance. All the soldering is effected at one time by 
placing the assembled unit in a furnace, thereby giving time 
and labor in the assembling work. 

BRIEF DESCRIPTION OF THE DRAWENGS 

FIG. 1 is afront view showing a condenser embodying the 
present invention; 

FIG. 2 is a plan view showing the condenser of FIG. 1; 
FIG. 3 is a perspective view showing the joint between the 

header and the individual tubes; 
FIG. 4 is a cross-sectional view through the line 4–4 in 

FIG. 1; 
FIG. 5 is a cross-sectional view showing the joint between 

the header and the tube: 
FIG. 6 is a cross-sectional view of the tube exemplifying 

a dimensional relationship about it; 
FIG. 7 is a cross-sectional view of the fin exemplifying a 

dimensional relationship about it: 
FIG. 8 is an explanatory view showing a flow pattern of 

coolant; 
FIG. 9 is a perspective view showing a modified version 

of the joint between the tubes and the header; 
FIG. 10 is a cross-sectional view showing the relationship 

between the tube and the header after they are jointed to each 
other: 

FIGS. 11A-11C are cross-sectional views showing a 
modified version of the stopper produced in the tube; 

FIGS. 12A-12C are cross-sectional views showing 
another modified version of the stopper; 

FIGS. 13A-13C are cross-sectional views showing a 
further modified version of the stopper; 

FIG. 14 is front view showing a modified version of the 
condenser; 

FIG. 15 is a graph showing the relationship between the 
width of the tubes and the rate of air passage therethrough; 

FIG. 16 is a graph showing the relationship between the 
height of the tubes and the pressure loss of air; and 

FIG. 17 is a graph showing variations in the heat 
exchange efficiency with respect to the height of the fins and 
the pressure loss of air. 

DETALED DESCRIPTION OF THE 
PREFERRED EMBODMENT 

As shown in FIG. 1 the condenser 10 of the present 
invention includes a plurality of planar tubes 11, and cor 
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4 
rugated fins 12 alternately arranged. The tubes 11 are 
connected to headers 13 and 14 at their opposite ends. 
The tube 11 is planar, made of aluminum; preferably, of 

a multi-hollow type. 
The header 13, 14 is made of a cylindrical pipe of 

aluminum. It is provided with slits 15 produced at equal 
intervals alone its length, where the ends of the tubes 11 are 
soldered to the respective headers 13, 14. The left-hand 
header 13 is provided with a coolantinlet pipe 16 at its upper 
end and a plug 17 at the lower end, The right-hand header 
14 is provided with a coolant outlet pipe 18 at its lower end 
and a plug 19 at its upper end. The coolant inlet and outlet 
are diametrically located. The reference numerals 23 and 24 
denote side plates fixed to the fins 12 located at the outer 
most positions. 

Each header 13, 14 is provided with a partition 20, 21. 
respectively, thereby dividing the internal chamber into 
upper and lower sections, wherein the partition 20 in the 
header 13 is located slightly toward the inlet 16, whereas the 
partition 21 in the header 14 is located about /, the length 
toward the outlet 18. 

Because of the provision of the partitions 20 and 21 in the 
headers 13 and 14 the flow pattern of the coolant is formed 
as shown in FIG. 8; that is, the coolant passageway is 
grouped into an inlet section (A), a middle section (B) and 
an outlet section (C). As seen from FIG. 8 the coolant flows 
in three different directions. In addition, the tubes are 
different in number from group to group; that is, the group 
(B) has more tubes than the group (C) (outlet section), and 
the group (A) (inlet section) has more tubes than the group 
(B). This means that the group (A) has a larger effective 
cross-sectional area for coolant passageway than the group 
(B), which in turn has a greater area for it than the group (C). 

Referring to FIG. 8 the coolant introduced into the core 
through the inlet pipe 16 flows to the right-hand header 14 
in the inlet section (A), and then in a reversed direction in 
the middle section (B). In the outlet section (C) the flow of 
coolant is again reversed, and led to the right-hand header 
14, where it is discharged through the outlet pipe 18. While 
the coolant is flowing through the sections (A). (B) and (C) 
heat exchange takes place between the coolant and the air 
passing through the fins 12. In the inlet section (A) the 
coolant is in its gaseous state, but because of the large 
effective cross-sectional area in the section (A) heat 
exchange proceeds efficiently between the coolant and the 
air. In the section (C) the coolant is in its liquid state, and 
reduced in its volume, which allows the section (C) to have 
a relatively small cross-sectional area for coolant passage 
way as compared with the section (B). In this way the 
coolant passes through the first condensing section (A), the 
second section (B) and the third supercooling section (C), in 
the course of which heat exchange smoothly and efficiently 
takes place. 

In the illustrated embodiment the numbers of tubes are 
progressively decreased from the section (A) to the section 
(B) and to the section (C). However it is possible to give the 
same number of tubes to the sections (A) and (B), and a 
smaller number of tubes to the section (C). Alternatively it 
is possible to arrange so that each section (A) to (C) has the 
same number of tubes but their cross-sectional areas are 
progressively reduced from the section (A) to the section (B) 
and to the section (C). As a further modification the inter 
mediate section (B) can be omitted; in this case the flow 
pattern is called a two-path system. In contrast, the above 
mentioned embodiment is called a three-path system. As a 
still further modification one or more intermediate sections 
can be added. 
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The illustrated embodiment has the headers located at the 
left-hand side and the right-hand side but they can be located 
at the upper side and the lower side wherein the tubes and 
fins are vertically arranged. 
To joint the tubes 11 to the headers 13, 14 the tubes or the 

headers or both are previously provided with a layer of a 
soldering substance on their ajoining surfaces. More 
specifically, as shown in FIG. 3 there is an aluminum pipe 
13a, such as a clad metal pipe, which is used as the headers 
13 and 14. The clad pipe 13a has a layer of a soldering 
substance 13b. The pipe 13a is electrically seamed but can 
be made by extrusion or any other known method. For the 
soldering substance an Al-Sialloy preferably containing 6 to 
13% by weight of Si is used. The tubes 11 are inserted in the 
slits 15 for their end portions to be held therein. Then they 
are heated together to melt the soldering substance. In this 
case, as clearly shown in FIG. 5 the adjoining parts of the 
tube 11 and the clad pipe 13a have fillets 29, whereby the 
header 13, 14 and the tubes 11 are jointed to each other 
without gaps interposed therebetween. Likewise, the corru 
gated fins 12 can be provided with a layer of a soldering 
substance, thereby effecting the soldering joint between the 
fins 12 and the tubes 11 simultaneously when the tubes 11 
are jointed to the headers 13, 14. This facilitates the soldier 
ing joint among the headers 13, 14, the tubes 11 and the fins 
12, thereby saving labor and time in the assembling work. 
The layer of a soldering substance can be provided in the 
inner surface of the clad pipe 13a but the place is not limited 
to it. 
The partitions 20, 21 are jointed to the respective headers 

13, 14 in the following manner: 
The clad pipe 13a is previously provided with a semi 

circular slit 28 in its wall, wherein the slit 28 covers half the 
circumference of the pipe 13a. The partition 20, 21 is made 
of a disc-shaped plate having a smaller circular portion 20a 
and a larger circular portion 20b, wherein the smaller 
circular portion 20a has a diameter equal to the inside 
diameter of the pipe 13a, and wherein the larger circular 
portion 20b has a diameter equal to the outside diameter of 
the pipe 13a. The larger diameter portion 20b is inserted and 
soldered in the slit 28. The headers 13, 14 and the partitions 
20, 21 are preferably provided with layers of soldering 
substances as described above, so that the soldering joint 
between them can be performed simultaneously when the 
tubes 1 are soldered to the headers 13, 14. This finishes the 
soldering joint among the headers, the tubes, the fins and the 
partitions at one time. The larger diameter portion 20b fits in 
the slit 28 so that no leakage of coolant is likely to occur, and 
that the appearance of an outer surface of the pipe 13a is 
maintained. In addition, the larger diameter portion 20b is 
embedded in the slit 28, thereby preventing the partition 20, 
21 from being displaced by an unexpected force acting 
thereon. 
As is generally known in the art, a possible pressure loss 

of air largely depends on the relative positional relationship 
between the tubes 11 and the fins 12. A reduced pressure loss 
leads to the increased heat exchange efficiency. Accordingly, 
the heat exchange efficiency depends on this positional 
relationship between them. Now, referring to FIGS. 6 and 7 
this positional relationship will be described: 

It is prescribed so that the tube 11 has a width (W) of 6 
to 12mm, and a height (Ht) of not larger than 5mm, and that 
the fin 12 has a height (Hf) of 8 to 16mm, and a fin pitch 
(Fp) of 1.6 to 3.2 mm. Referring to FIGS. 15, 16 and 17 the 
reasons for the prescriptions are as follows: 
As shown in FIG. 15, if the tube 11 has a width of Smaller 

than 6 mm the fin 12 will be accordingly narrower, thereby 
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6 
reducing the number of louvers 12a. The reduced number of 
louvers 12a leads to less efficient heat exchange. If the tube 
is wide enough to allow an adequate number of louvers 12a 
to be provided on the fin 12, the heat exchange efficiency 
will be enhanced. However if the width (W) of the tube is 
more than 12 mm, the fins 12 will be accordingly widened, 
thereby increasing its weight. In addition too wide fins and 
too many louvers are likely to increase resistance to the air 
passing therethrough, thereby causing a greater pressure loss 
of air. 

If the tubes 11 have a height (Ht) of more than 5 mm the 
pressure loss of air will increase. The inside height (Hip) of 
the tube 11 is preferably not smaller than 1.8 mm. The inside 
height (Hip) is important in that it defines the size dan 
effective coolant passageway. If it is smaller than 1.8 mm the 
pressure loss of coolant will increase, thereby reducing the 
heat exchange efficiency. In order to maintain a height (Hp) 
of at least 1.8 mm for coolant passageway, the height (Ht) of 
the tube 11 will have to be at least 2.5 mm, inclusive of the 
thickness of the tube wall. 
As shown in FIG. 17. if the height (Hf) of the fin 12 is 

smaller than 8 mm the pressure loss of air will increase, but 
if it is larger than 16 mm the number offins will have to be 
reduced, thereby reducing the heat exchange efficiency. 

If the pitch (Fp) of fins 12 is smaller than 1.6 mm there 
will occur an interference between the adjacent louvers 12a, 
thereby amplifying the pressure loss of air. However if it 
exceeds 3.2 mm the heat exchange efficiency will decrease. 

Referring to FIGS. 9 and 10 a modified version will be 
described: 

This embodiment is characteristic in that it is provided 
with shoulders 25 which work as stop means to prevent the 
tube from being inserted too deeply into the header 13, 14. 
More specifically, the tube 11 includes a body 111 and ahead 
111a which has shoulder 25 therebetween. The shoulders 25 
are adapted to come into abutment with the heater 13, 14 
when the tube 11 is inserted into the slit 15. 
As modified versions of the stop means various examples 

are shown in FIGS. 11 to 13: 
FIG. 11 shows the process of forming stop means 125. In 

(a) the tube 211 has sharp or acute corners. The corners are 
cut away in such a manner as to form bulged portions 125, 
which provide stop means. FIG. 12 shows a tube 311 having 
round corners, which are split lengthwise in such a manner 
as to form shoulders 225. FIG. 13 shows a tube 411 having 
a relatively thin wall. In this case the cutting and splitting are 
jointly used in such a manner as to form shoulders 325. 

FIG. 14 shows an example of the condenser embodying 
the present invention, characterized in that the condenser is 
provided with a space 27 void of any tube or fin so that an 
obstacle 26 is avoided when it is installed in an engine room 
or somewhere. This embodiment has a pair of headers 113 
and 14, and the left-hand header 113 is divided into two parts 
113a and 113b. The tubes 11 consist of longer tubes 11a and 
shorter tubes 11b, which are connected to the header 113b at 
their left-hand ends. The other ends thereof are connected to 
the header 14. The outlet pipe 18 is provided on the header 
113b. The coolant introduced through the inlet pipe 16 flows 
in the direction of arrows up to the right-hand header 14, and 
makes a U-turn to flow through the shorter tubes 11b up to 
the header 113b, where it is let out through the outlet pipe 
18.The number of the space 27 is determined in accordance 
with that of an obstacle 26; when three spaces are to be 
given, three kinds of lengths of tubes are used. 
What is claimed is: 
1. A condenser for liquefying gaseous coolant in an air 

conditioning system of an automobile after the system has 
compressed the coolant, said condenser comprising: 
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(i) a plurality of flat tubular elements defining flow paths 
and disposed in a spaced, substantially parallel relation, 
each element including at least one inside wall; 

(ii) a plurality offin members, each fin member disposed 
between adjacent tubular elements; 

(iii) a pair of headers disposed in a spaced substantially 
parallel relation at opposite ends of the tubular 
elements, the one and/or the other header defining a 
coolant inlet and a coolant outlet for the condenser, 
each header being an elongate member and defining, 
for each tubular element, an opening through which it 
receives the tubular element and establishes fluid com 
munication with the element; 

(iv) at least one partitioning plate mounted in one of the 
headers transversely of the header to divide the inside 
opening of the header, said plate extending across an 
entire cross-sectional area of the inside opening of the 
header and being without perforations which allow 
fluid communication from one side of the plate to the 
other; 

the coolant flowing from the inlet into one header and 
making a first pass through a plurality of the tubes to the 
other header, the coolant also making a final pass through a 
plurality of tubes to the outlet, the tubular elements and 
headers forming a first zone which receives gaseous coolant 
from the inlet and a final Zone through which the coolant 
flows before discharging through the outlet, the effective 
cross sectional area of the flow paths defined by the tubular 
elements through which the coolant makes the final pass 
being smaller than the effective cross sectional area of the 
flow paths of those through which the coolant makes the first 
pass; said condenser being able to resist internal pressures 
greater than 10 atmospheres. 

2. The condenser of claim 1, in which one header defines 
the inlet and outlet and includes the partitioning plate. 

3. The condenser of claim 1, in which each header has at 
least one partition and wherein the coolant makes a second 
pass between the first and the final passes through a plurality 
of tubular elements. 
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4. A condenser as defined in claim3, wherein the effective 

cross-sectional area of the coolant passageways formed 
through the tubular elements is reduced stepwise from the 
first pass, to the second pass, to the final pass. 

5. A condenser as defined in claim 4, wherein the number 
of the tubular elements is reduced stepwise from the first 
pass towards the final pass. 

6. A condenser as defined in claim 1, wherein each header 
is a clad pipe having either one or both of its surfaces coated 
with the brazing agent layer. 

7. A condenser as defined in claim 1, wherein each header 
is a seam-welded pipe. 

8. A condenser as defined in claim 1, wherein the parti 
tioning plate is a disc which has a large diameter portion and 
a small diameter portion. 

9. A condenser as defined in claim 1, wherein the tubular 
elements are extruded, elongate members. 

10. A condenser as defined in claim 1, wherein each 
tubular element is a seam-welded pipe. 

11. A condenser as defined in claim 1, wherein the tubular 
elements have: 

a width of 6-12 mm; 
a height of 5 mm or less; and 
the flow path within each tube being 1.8 mm or more in 

height; and 
each fin member having 
a height of 8-16 mm; and 
the pitch of the fin members being 1.6–3.2 mm. 
12. A condenser as defined in claim 1, wherein the 

headers, tubular elements. fin members and partitioning 
plate are made of an aluminum alloy. 

13. A condenser as defined in claim 1, wherein each 
tubular element has an elongate cross-section and the inside 
wall of the tubule element extends between opposite outer 
walls of the element. 

14. A condenser as defined in claim 1, wherein the inside 
wall is continuous and extends along substantially the entire 
length of the tubular element. 

:: * : * : 


