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SPECIFICATION 

 

1. TITLE OF THE INVENTION 

Heat Exchanger Made from Aluminum 

2. Patent Claims 

(1) A heat exchanger made from aluminum, that uses a 

brine made from an aqueous solution of calcium chloride or 

sodium chloride, wherein: 

a sacrificial anode, formed from a metal that is less noble 

than aluminum, and that reduces the electropotential of the 

pipeline to 50 mv, at least, less than the pitting 

electropotential, is formed on an inner wall of a pipeline 

that forms a brine flow path. 

(2) A heat exchanger made from aluminum, that uses a 

brine made from an aqueous solution of calcium chloride or 

sodium chloride, wherein: 

a sacrificial anode that is formed from a metal that is less 

noble than aluminum that forms a pipeline, and that has a 

weight of between 0.003 and 0.486 g/cm², when made from 

an aluminum alloy, or between 0.008 and 1.296 g/cm², 

when made from zinc, or of between 0.002 and 0.306 g/cm², 

when made from magnesium, with respect to the unit area 

of the pipeline inner wall, is attached to the inner wall of 

the pipeline that forms the brine flow path, and at least a 

portion is welded or secured between the sacrificial anode 

and the pipe wall. 

(3) A heat exchanger, made from aluminum, that uses a 

brine comprising an aqueous solution of calcium chloride 

or sodium chloride, structured from a pair of header pipes 

and a large number of heat exchanging pipes that form a 

heat exchange region that bridges between the header pipes, 

wherein: 

a header pipe and/or a heat exchanging pipe for forming 

a brine flow path is formed from an aluminum molded 

member, and an attaching groove that extends along the 

axial direction is formed on a pipe inner wall of one or both 

thereof and a sacrificial anode is disposed along the 

attaching groove and at least a portion is welded or secured 

between the sacrificial anode and the pipe wall.  

3. Detailed Explanation of the Invention 

[Industrial Field of Application]  

The present invention relates to a heat exchanger that is 

made from aluminum that uses a brine that comprises an 

aqueous solution of calcium chloride or sodium chloride, 

and, in particular, to a heat exchanger, made from 

aluminum, that is superior in resisting pitting. 

[Prior Art] 

Conventionally, aluminum heat exchangers made from 

aluminum or aluminum alloys have problems with pitting, 

so typically Freon gas, ammonia gas, or the like, has been 

used as the coolant, where the coolant is used recirculating, 

repetitively undergoing evaporation and condensation 

during the refrigerating cycle. However, with Freon gas the 

problems with the damage to the environment have 

attracted considerable attention in recent years, with a 

tendency to be placed under increasingly strict constraints, 

or, with ammonia gas, when there is a gas leak for some 

reason, there is not only a problem with toxicity for the 

human body, but also problems with foul odors or soiling 

of the environment, and problems with explosiveness, and 

the like. 

Moreover, that which is termed "brine," such as, for 

example, an aqueous solution of calcium chloride or an 

aqueous solution of sodium chloride, is known as a coolant 

that is used for this purpose, where, for example, for a 
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calcium chloride aqueous solution the eutectic point of a 

29.9 wt% aqueous solution (with a specific gravity of 

1.286) is low, at -55°C, and is non-toxic and inexpensive, 

and thus is used broadly in industry. However, when these 

brine coolants are used, the corrosiveness in relation metal 

is extremely high, due to the electrolytes, and thus there is a 

major problem with durability of heat exchangers that use 

brine, such as having a service life that is no greater than 

five years, at the longest, even with a steel heat exchanger 

that has been subjected to a zinc plating process.  

However, in various cooling devices in which such heat 

exchangers are used, and particularly in those that are 

mobile, such as, for example, refrigeration equipment or 

refrigerated trucks for shipping, or the like, reducing weight 

through making the heat exchanger from aluminum or an 

aluminum alloy is extremely important in not just enabling 

more freight to be loaded, commensurate with the weight 

reduction, but in improving fuel consumption as well. 

[Problem Solved by the Present Invention] 

As the result of diligent research in contemplation of the 

perspective described above, the present inventors arrived 

at the present invention through solving this problem of 

corrosion in a heat exchanger made from aluminum that 

uses brine that is made from an aqueous solution of calcium 

chloride or sodium chloride.  

Consequently, the object of the present invention is to 

provide an aluminum heat exchanger, made from aluminum 

or an aluminum alloy, with superior durability, wherein it is 

possible to use, as the coolant, brine that is made from an 

aqueous solution of calcium chloride or sodium chloride, 

which is non-toxic and inexpensive and which has no 

problem with contaminating the environment nor with 

toxicity in respect to the human body. 

[Means for Solving the Problem] 

That is, the present invention is a heat exchanger made 

from aluminum, that uses a brine made from an aqueous 

solution of calcium chloride or sodium chloride, wherein a 

sacrificial anode, formed from a metal that is less noble 

than aluminum, and that reduces the electropotential of the 

pipeline to 50 mv, at least, less than the pitting 

electropotential, is formed on an inner wall of a pipeline 

that forms a brine flow path. 

In the present invention, pure aluminum (1000 series), or 

any of a variety of aluminum alloys, such as, for example, 

Al-Mn (3000 series), Al-Si (4000 series), Al-Mg (5000 

series), Al-Cu-Mg (2000 series), Al-Mg-Si (6000 series) 

Al-Zn-Hg (7000 series), may be used as the material for the 

heat exchanger. 

Moreover, for the calcium chloride aqueous solution or 

sodium chloride aqueous solution, or the like, used as the 

coolant, that which is used conventionally for this purpose, 

such as, for example, a calcium chloride aqueous solution 

that has a density that is 29.9 wt%, or a sodium chloride 

aqueous solution that has a density that is 5 wt%, or the like, 

may be used. Normally such a brine has a pH in a range 

between 5 and 9.2. For example, for a calcium chloride 

brine there is an active dissolving region when the pH 

thereof is greater than 9.2, and under natural storage 

conditions the pH rarely falls below 5. 

Moreover, depending on the type of brine, a 

conventional known corrosion inhibiting agent, such as, for 

example, sodium hydrogen phosphate, zinc powder, 

triethanolamine, or the like, may be added in order to 

control corrosiveness. 

Moreover, for these brines, diethylene triamine added at 

between 0.1 and 30 wt%, and preferably between 2 and 5 

wt%, may be used as a preferred anticorrosion agent. The 

use of this diethylene triamine can greatly reduce corrosion 

of the aluminum heat exchanger by the brine, and can 

substantially increase the durability of the aluminum heat 

exchanger when used together with the sacrificial electrode 

of the present invention, to increase the service life thereof 

remarkably. 

In the heat exchanger of the present invention, structured 

in this way, the pitting electropotential of the pipeline that 

forms the flow path for the brine, according to 

measurements by the present inventors, are normally in a 

range between -350 and -1400 mV, although this varies 

depending on a variety of environmental conditions such as 

the type of heat exchanger material or brine that is used, 

and depending on the temperature of the brine, the amount 

of dissolved oxygen therein, the flow speed, and the like. 

Consequently, while, for the sacrificial anode that is 

attached to the inner wall of the pipeline that forms the 

flow path for the brine in the heat exchanger, in theory any 

metal that is a metal that is less noble than the aluminum 

that structures the pipeline can be used to enable an 

anticorrosion electric current in the pipeline, in practice, as 

described above, there are minor variations in the pipeline 

pitting electropotential, due to the effects of environmental 

conditions such as the temperature of the brine, the amount 

of dissolved oxygen therein, the flow speed, and the like, 

and thus preferably that which causes the electropotential 

of the pipeline to be reduced to at least 50 mV, and 

preferably at least 100 mV, less than the pitting 

electropotential is used. Anode electrodes that satisfy such 

conditions include, specifically, zinc (Zn) or magnesium 

(Mg) or metal alloys equivalent thereto, such as, for 

example, an Al-Zn-In-(other metal) alloy (manufactured by 

Japan Light Metals, brand name: NIKKANODE), or the 

like. 

Additionally, in regard to the use of a sacrificial anode, 

although there will be differences depending on the 

material of the pipeline of the heat exchanger, the type of 

brine used, and the like, if the sacrificial anode is made 

from an aluminum alloy, the area ratio thereof in respect to 

the inner wall area of the pipeline of the heat exchanger 

(the anode/cathode area ratio) should be between 1:10 and 

1:140, and preferably between 1:20 and 1:100, and should 

be between 0.003 and 0.486 g/cm², and preferably between 

0.006 and 0.147 g/cm², with respect to the unit area of the 

pipeline inner wall. If the amount of sacrificial anode used 

were less than 1:140 for the anode/cathode area ratio, or 

less than 0.003 g/m², then not only would it not be possible 

to reduce the pipeline inner wall electropotential to below 

the critical pitting electropotential, it would also be difficult 

to achieve an improvement in the service life by improving 

the durability of the heat exchanger, and, conversely, if the 

anode/cathode area ratio were greater than 1:10 and 0.486 

g/cm², it would become impossible to secure an adequate 

brine flow path for the heat exchanger that is formed from 

the pipeline, reducing the efficiency of the heat exchange. 

Note that if the sacrificial anode is made from zinc, the 

amount used should be between 0.008 and 1.296 g/cm² 
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with respect to the unit area of the pipeline inner wall, and 

if the sacrificial anode is made from magnesium, the 

amount used should be between 0.002 and 0.306 g/m² with 

respect to the unit area of the pipeline inner wall.  

For the method for attaching the sacrificial anode to the 

inner wall of the pipeline of the heat exchanger, at least a 

portion of the sacrificial anode and pipeline inner wall 

should be welded or secured, and, preferably, the heat 

exchanger may be formed from a pair of header pipes and a 

large number of heat exchanging pipes that form a heat 

exchange region bridging between these header pipes, 

where the header pipes and/or heat exchanging pipes for 

forming the flow path for the brine are formed from 

aluminum molded members, and attaching grooves that 

extend along the axial direction may be formed in the pipe 

inner walls of one or both of the above, and the sacrificial 

anode may be arranged along these attaching grooves can 

at least a portion between the sacrificial anode and the 

header pipes and/or between the heat exchanging pipes and 

the pipeline inner walls, may be welded or secured. In this 

way, through arranging sacrificial anodes within the 

attaching grooves in the header pipes and/or heat 

exchanging pipes that are formed from aluminum molded 

members in this way and welding and securing, the 

provision of the sacrificial anodes will be accurate, and the 

cross-sectional area of the brine flow path will not be too 

large or too small locally, and thus there will be no 

concerns about producing erosion or about turbulent flow 

causing bubbles that would reduce the efficiency of heat 

exchange. 

Additionally, the shape of the sacrificial anode that is 

attached to the pipeline here wall in this way can be any 

type of shape insofar as it can be attached, such a rod-

shaped body or block-shaped body that is as cross-

sectionally circular, cross-sectionally elliptical, cross-

sectionally triangular, cross-sectionally square, cross-

sectionally trapezoidal, cross-sectionally polygonal, or the 

like, although preferably it is a rod-shaped body that has a 

fitting portion of a cross-sectional shape that is the same as 

that of the attaching groove in the header pipe and/or heat 

exchanging pipe. Moreover, when welding or securing 

between the sacrificial anode and the pipeline inner wall of 

the header pipe and/or heat exchanging pipe, the welding or 

securing between some or all of the sacrificial anode that is 

provided within the attaching groove on the inside of the 

pipeline is carried out, from outside of the header pipe 

and/or heat exchanging pipe, through, for example, plug 

welding, spot welding, seam welding, bolting, or the like. 

The heat exchanger made from aluminum in the present 

invention may be used in heat exchanging in any field, such 

as, for example, air cleaning, air conditioning, bookbinding, 

dry ice, refrigeration for shipping, cooling water towers, 

refrigerators, refrigerated trucks, and the like. 

[Effects] 

While in the aluminum heat exchanger according to the 

present invention a pitting electropotential is produced in 

the pipeline that forms the flow path for the brine through 

the use, as a coolant, of a brine that is made from an 

aqueous solution of calcium chloride or sodium chloride, 

an anticorrosion electric current flows from the sacrificial 

electrode that is attached to the inner wall of the pipeline, 

thereby bringing the pipeline to less than the critical pitting 

electropotential, thereby preventing corrosion of the 

aluminum pipeline, that is, of the heat exchanger. 

[Embodiments] 

The present invention will be explained in detail below 

based on embodiments shown in the test examples and 

appended drawings. 

Corrosion Resistance Test Example 1 

A test piece made from aluminum (6063) with 

dimensions of 70-mm wide, 5-mm thick, and 2000-mm 

long was used as a corrosion-proofed body, and an alloy of 

Al-Zn-In-another metal (manufactured by Japan Light 

Metals Company, brand name: NIKKANODE), with a 

diameter of 16 mm and a length of 80 mm, weighing 43.41 

g, was used as a sacrificial anode (with an anode/cathode 

surface area ratio of 1/75 for the ratio of the surface area 

with respect to the surface area of the corrosion-proofed 

body, at 0.0145 g/cm² with respect to the unit area for the 

surface area of the corrosion-proofed body), and a 29.9 

wt% calcium chloride aqueous solution with a pH of 9 was 

used as the brine, of which 130 L of the brine 2 was placed 

in a 160 L water tank 1, as depicted in FIG. 1, and a 

sacrificial anode 4 that is connected electrically on one end 

to the corrosion-proofed body 3 was immersed in the brine 

2 so as to be submerged completely in the brine 2, and a 

pump 5 that was placed in the water tank 1 was used to 

carry out Corrosion Resistance Testing for 100 days at 

room temperature (between 18 and 30°C) while circulating 

the brine 2 through a cycle of circulation for eight hours per 

day at a speed of 120 L per minute, followed by stopping 

for 16 hours, and the pitting electropotential of the 

corrosion-proofed body was measured through polarization 

measurement and the change in electropotential of the 

corrosion-proofed body at a location 2000 mm away from 

the sacrificial anode (the location at the end that is opposite 

from where the sacrificial anode was connected) was 

measured, and the speed at which the sacrificial anode was 

consumed and the state of corrosion of the corrosion-

proofed body were observed. 

The results of the measurements and observations were 

that the pitting electropotential of the corrosion-proofed 

body was -830 mV, where the electropotential of the 

corrosion-proofed body stabilized, after three days, in a 

range of between 1100 and 1130, stabilizing at an 

electropotential about 300 mV lower than the pitting 

electropotential, and, from the change in weight of the 

sacrificial anode during the Corrosion Resistance Testing,  

the speed of consumption of the sacrificial anode was 0.017 

g/cm², and no production of corrosion, such as pitting, was 

observed in the corrosion-proofed body. 

Corrosion Resistance Test Example 2 

An Corrosion Resistance Test was carried out in the 

same manner as in Test Example 1, described above, 

except for the use of a 5 wt% sodium chloride aqueous 

solution as the brine, and the pitting electropotential of the 

corrosion-proofed body, the change in electropotential over 

time in the corrosion-proofed body at the location that is 

2000 mm away from the sacrificial anode, and the 

consumption speed of the sacrificial anode were each 

measured, and the state of corrosion of the corrosion-

proofed body was observed. The result was that the pitting 

electropotential of the corrosion-proofed body was -720 

mV, the electropotential of the corrosion-proofed body 
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stabilized in a range between -1100 and -1150 mV, 

stabilizing at an electropotential that is about 400 mV less 

than the pitting electropotential, and the consumption speed 

of the sacrificial anode was 0.0129 g/cm², with no 

corrosion, such as pitting, of the corrosion-proofed body 

observed. 

Reference Test Example 1 

A corrosion test was carried out in exactly the same 

manner as with Corrosion Resistance Test Example 1, 

described above, except that no sacrificial electrode was 

used, and the state of corrosion of the corrosion-proofed 

body was observed. The result was that pitting began to 

occur on the third day after the commencement of testing, 

and after six months the depths of the pits reached 1.747 

mm, and thus it is clear that in an aluminum heat exchanger 

it would be difficult to use the 29.9 wt% calcium chloride 

aqueous solution as the brine without carrying out some 

sort of anticorrosion measure. 

Embodiment 1 

FIG. 2A and FIG. 2B show an aluminum heat exchanger 

according to a first embodiment according to the present 

invention. This heat exchanger is structured from a pair of 

header pipes 6 (6a and 6b) that have a relatively large 

diameter, arranged in parallel with a space therebetween, 

and heat exchanging pipe units 7, connecting between the 

header pipes 6a and 6b, where a coolant supplying opening 

and coolant exhausting opening are provided at the two 

ends of the primary side header pipe 6a that is positioned 

on the upstream side, where heat is exchanged in the heat 

exchange region during the time until the coolant that is 

introduced from the supplying opening arrives at the 

exhaust opening 10 after traveling serpentine through each 

of the brine flow paths 8 of each of the header pipes 6 and 

the heat exchanging pipe units 7. In this case, as depicted in 

FIG. 2B, the heat exchanging pipe units 7 are structured 

through fitting together heat exchanging molded members 

9 made from aluminum alloy extrusion molded members. 

In this first embodiment, the header pipes 6 and the heat 

exchanging pipe units 7 have 6063 aluminum alloy as the 

materials thereof, and the pipelines for the header pipes 6 

and heat exchanging pipe units 7 that form the brine flow 

path 8 in which the brine, as the coolant, flows are designed 

to have an internal surface area of about 8 m². 

Given this, as depicted in FIG. 3, which shows the 

primary side header pipe 6a enlarged, the header pipe 6 is 

formed through aluminum extrusion molding so as to be 

cross-sectionally rectangular, where the back wall 6c is 

formed with a wall thickness so as to be a thicker wall than 

the front wall 6d, the top wall 6e and the bottom wall 6f, 

and, in addition, an attaching groove 11 of a helical groove 

shape is formed, spanning the total length, on the inner 

surface side thereof, and a sacrificial anode 12, made from 

an essentially rectangular rod-shaped body, extrusion 

molded to a prescribed dimension, from an alloy of Al-Zn-

In-another metal (manufactured by Japan Light Metals, 

brand-name: NIKKANODE) is fitted into this attaching 

groove 11, followed by plug welding at welding points 13 

at at least five locations for a single sacrificial anode 12 

with a prescribed spacing of, for example, 30 cm. 

In the first embodiment, the sacrificial anode 12 is 

designed so that the area ratio thereof in respect to the area 

of the interior of the pipelines of the header pipes 6 and the 

heat exchanging pipe units 7 that form the flow path for the 

brine (that is, the anode/cathode area ratio) will be 1:25, 

and will be 0.72 g/mm², with respect to the unit area for the 

area of the interior of the pipeline. 

Additionally, dividing plates 14 for dividing between 

mutually adjacent heat exchanging molded members 9 are 

provided in the primary-side header pipe 6a, and similar 

dividing plates (not shown) are provided in the secondary-

side header pipe 6b, so that the coolant that enters into the 

primary-side header pipe 6a from the supplying opening 

will flow in a serpentine manner through the brine flow 

path 8 of the individual heat exchanging molded members 

9 of the heat exchanging pipe units 7, and then be 

discharged to the outside through an exhausting outlet that 

is again in the primary side header pipe 6a. 

The heat exchanger of this first embodiment used the 

same 29.9 wt% calcium chloride aqueous solution that was 

used in Corrosion Resistance Test Example 1, described 

above, and incorporated in the first embodiment and 

operated in actual refrigeration cycles to observe the 

change in the state of corrosion of the heat exchanger as 

time elapsed. The result was that no corrosion, such as 

pitting, or the like, was observed even after 180 days 

elapsed. 

Next FIG. 4A and FIG. 4B depict a modified example of 

the cross-sectional shape of the attaching groove 11 that is 

formed in each header pipe 6 and of the sacrificial anode 12 

that is attached in the attaching groove 11, where in the 

case of FIG. 4A the attaching groove 11 is formed in a 

wide helical groove shape and the sacrificial anode 12 that 

is attached within the attaching groove 11 is formed with a 

cross-sectional shape that is substantially trapezoidal, 

where in the case of FIG. 4B, an attaching groove 11 is 

formed into a helical groove shape by ribs 15 that each 

protrude from the back wall 6c, the front wall 6d, and the 

top wall 6e, where the sacrificial anode 12 that is attached 

within the attaching groove 11 is formed so as to have a 

cross-sectional shape that is substantially rectangular. 

Furthermore, FIG. 5 depicts a modified example of an 

attaching structure for a case of a sacrificial anode 12' that 

is made from zinc (Zn) or magnesium (Mg), where a bolt 

13a that is screwed through the back wall 6c of the header 

pipe 6 is welded tightly 13' from the outside, and the 

threaded portion thereof screws together with the sacrificial 

anode 12'. 

Embodiment 2 

FIG. 6 through FIG. 9 relate to an aluminum heat 

exchanger according to a second embodiment that is termed 

a "pipe shelf," structured from: five heat exchanging pipe 

molded members 16a that are formed integrally, through 

aluminum extraction molding, integrating together a pair of 

heat exchanging pipes 16c, each having a cross-sectional 

circular shape; a single heat exchanging pipe molded 

member 16b with a single heat exchanging pipe 16c that 

has a circular cross-section; a plurality of long and thin flat 

plates 17 that connect together these heat exchanging pipe 

molded members 16a and 16b; four U-shaped header pipes 

20a that connect between the individual end portions of the 

aforementioned heat exchanging pipes 16c, connecting 

between a coolant supplying opening 18 at one end of the 

heat exchanging pipe 16c that is positioned on one side and 

arriving at a coolant exhausting outlet 19 on one end of a 
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heat exchanging pipe 16c that is positioned fifth from the 

top in the drawing, to form a serpentine brine flow path; 

and five U-shaped header pipes 20b that connect between 

each end portion of each of the heat exchanging pipes 16c 

and that connect from a coolant supplying opening 18 at 

one end of the heat exchanging pipe 16c that is positioned 

on the other side, to arrive at the coolant exhausting outlet 

19 at the other end of the heat exchanging pipe 16c that is 

positioned sixth from the top in the drawing, to form a 

serpentine brine flow path. 

In this second embodiment, as depicted in FIG. 7, helical 

groove-shaped attaching grooves 21 are formed in the 

interior of a heat exchanging pipe 16c wherein each of the 

heat exchanging pipe molded members 16a and 16b are 

formed integrally, an arc-shaped sacrificial anode 22 is 

fitted into an end portion side of the attaching groove 21 so 

as to contact the inner surface thereof, and a welding point 

23 is plug welded here between the heat exchanging pipe 

16c and the sacrificial anode 22. Moreover, for each of the 

aforementioned header pipes 20a and 20b as well, a molded 

member that is formed so that a helical groove-shaped 

attaching groove 24 is formed in the interior of an 

aluminum extrusion molding is also formed through 

bending into a U shape, where sacrificial anodes 22 are 

fitted into attaching grooves 24 that are positioned in the 

straight parts on both ends thereof, and, as with the heat 

exchanging pipe 16c described above, plug welding is 

carried out at welding points 25 between the header pipes 

20a and 20b and the sacrificial anodes 22. 

Additionally, the sacrificial anode 22 of this second 

embodiment is designed with an area ratio, with respect to 

the area of the interior of the pipelines for the header pipes 

20a and 20b and the heat exchanging pipes 20c, that form 

the flow path for the brine (that is, the anode/cathode area 

ratio), being between 1:30 and 1:100, with 0.003 through 

0.48 g/cm² with respect to the area within the pipeline. A 

29.9 wt% calcium chloride aqueous solution, the same as 

was used in Corrosion Test Example 1, was used as the 

brine in this second embodiment as well, and the result of 

observing the state of corrosion with the passage of time 

when operating in an actual refrigerating cycle was that no 

corrosion whatsoever, such as pitting, or the like, was 

observed over an extended period of time, the same as in 

the first embodiment. 

Note that FIG. 10 depicts a modified example of the 

header pipes 20a and 20b relating to the second 

embodiment, where, when forming the header pipes 20a 

and 20b by bending, into U shapes, molded members 

formed through aluminum extrusion molding, the same as 

in the second embodiment, described above, sacrificial 

anodes 22 of prescribed lengths were fitted in advance into 

a substantially center-portion attaching groove 24 of the 

molded member, and plug welding was performed at 

welding points 25 between the sacrificial anode 22 and the 

header pipes 20a and 20b, after which both end portions 

were bent to form the U shape. Note that in this modified 

example as well, the sacrificial anode 22 was attached to 

the interior of the attaching groove 24, positioned in the 

straight parts at both ends of each header pipe 20a and 20b, 

as necessary, making it possible to adjust the area ratio of 

the sacrificial anode 22 with respect to the area of the 

interior of the pipeline (that is, the anode/cathode area 

ratio). 

Embodiment 3 

FIG. 11 depicts an aluminum heat exchanger according 

to a third embodiment according to the present invention. 

This heat exchanger comprises: a pair of header pipes 26a 

and 26b that have a relatively large diameter, provided in 

parallel with a space therebetween; 12 heat exchanging 

pipes 27 that connect between these header pipes 26a and 

26b; and a corrugated heat exchanging fin 28 that is 

provided, substantially perpendicularly with respect to the 

heat exchanging pipes 27, between mutually adjacent heat 

exchanging pipes 27, wherein: a coolant supplying opening 

29 is provided at one end of the primary side header pipe 

26a that is positioned at the top and a coolant exhausting 

outlet 30 is provided at one end of the secondary side 

header pipe 26b, positioned toward the bottom, where the 

coolant that is introduced from the supplying opening 29 is 

subjected to heat exchange in a heat exchanging region, 

prior to arriving at the exhausting outlet 30. 

In this third embodiment, the material for the header 

pipes 26a and 26b and for the heat exchanging pipes 27 is 

6063 aluminum alloy, and the pipelines for the header pipes 

26a and 26b and heat exchanging pipes 27 that form the 

brine flow path through which brine flows as the coolant 

are designed so that the interior area thereof will be within 

the same range of ratios, with respect to the sacrificial 

anode, as in the embodiments set forth above. Additionally, 

the header pipes 26a and 26b are formed, through 

aluminum extrusion molding, with the cross-sectional 

shapes thereof being circular, and an attaching groove 31 is 

formed in a helical groove shape along the total length 

thereof on the inner surface side, where the sacrificial 

anode 32 that is formed with prescribed dimensions, in the 

same manner as in the first embodiment set forth above, is 

fitted into the attaching groove 31, and is plug welded, at at 

least two welding points for each individual sacrificial 

anode 32, at prescribed intervals such as, for example, with 

a spacing of 30 cm. 

In this third embodiment as well, the same 29.9 wt% 

calcium chloride aqueous solution used in Corrosion 

Resistance Test Example 1, described above, was used as 

the brine, and the result of observations of the state of 

corrosion over time when operated included in actual 

refrigerating cycles were that no corrosion whatsoever, 

such as pitting, was observed over an extended period of 

time, as was the case for the first embodiment. 

[Effects of the Invention] 

The present invention provides a heat exchanger that is 

made from aluminum that is lightweight and has superior 

durability, with a long service life, that uses, as the coolant, 

brine made from an aqueous solution of calcium chloride or 

sodium chloride, that has no problems with contaminating 

the environment or problems with toxicity with respect to 

the human body, and that is non-toxic and inexpensive. 

4. Brief Descriptions of the Drawings  

FIG. 1 is an explanatory diagram of a testing apparatus 

used in each test example; FIG. 2A is a cross-sectional 

perspective diagram of an aluminum heat exchanger 

according to a first embodiment according to the present 

invention; FIG. 2B is a cross-sectional drawing along the 

section II-II in FIG. 2A; FIG. 3 is a horizontal cross 
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sectional drawing of the header pipe I of FIG. 1; FIG. 4A 

and FIG. 4B are horizontal cross-sectional drawings, 

similar to FIG. 3, depicting modified examples of attaching 

grooves that are formed within the header pipes and of 

sacrificial anodes that are attached to these attaching 

grooves; FIG. 5 is a horizontal cross-sectional drawing, 

similar to FIG. 3, depicting a modified example of an 

attaching structure relating to a sacrificial anode of another 

material; FIG. 6 is a front view of an aluminum heat 

exchanger according to a second embodiment; FIG. 7 is a 

cross-sectional drawing along the section VII-VII in FIG. 

6; FIG. 8 is a partial cross-sectional front view of the 

header pipe in FIG. 6; FIG. 9 is a cross-sectional drawing 

along the section IX-IX FIG. 8; FIG. 10 is a partial cross-

sectional front view, similar to FIG. 8, depicting a modified 

example of the header pipe in FIG. 10; and FIG. 11 is a 

partial cross-sectional front view of an aluminum heat 

exchanger according to a third embodiment. 

Explanations of Reference Symbols 

(2) Brine (29.9 wt% Calcium Chloride Aqueous 

Solution) 

(3) Corrosion-Proofed Body 

(4) (12) (12') (22) (32): Sacrificial Anodes 

(6) (6a) (6b) (20a) (20b) (26a) (26b) Header Pipes 

(7) Heat Exchanging Pipe Unit 

(8) Brine Flow Path 

(16c) (27) Heat Exchanging Pipes 

(11) (21) (24) (31) Attaching Grooves 

(13) (23) (25) Welding Points  

 

Patent Applicant: Japan Light Steel Co., Ltd.  

Agent: Patent Attorney Tomohiro Nakamura (and 3 Others) 

 
2: Brine 

3: Corrosion-Proofed Body 

4: Sacrificial Anode 

FIG. 1 

 
 
6, 6a, 6b: Header Pipes 

7: Heat Exchanging Pipe Unit 

8: Brine Flow Path 

11: Attaching Groove 

12: Sacrificial Anode 

13: Welding Point 

FIG. 2A 

 

 
 

 

FIG. 2B 

 
 

 

 

FIG. 3 

 
 

FIG. 4A 

 
 

FIG. 5 

 
12': Sacrificial Anode 
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FIG. 4B 

 
 
 

16c: Heat Exchanging Pipe 

20a, 20b: Header Pipes 

FIG. 6 

 
 

FIG. 7 

 
21: Attaching Groove 

22: Sacrificial Anode 

23: Welding Point 

 

FIG. 8 

 
24: Attaching Groove 

25: Welding Point 

 

FIG. 9 

 
 

FIG. 10 

 
 

 
26a, 26b: Header Pipes 

27: Heat Exchanging Pipe 

31: Attaching Groove 

32: Sacrificial Anode 

FIG. 11 
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TRANSLATION CERTIFICATION

Date: April 17, 2023

To whom it may concern:

I, Dr. Warren Smith, a translator fluent in the Japanese and English languages, on behalf of
Morningside, do solemnly and sincerely declare that the following is, to the best of my
knowledge and belief, a true and correct translation of the document(s) listed below in a form
that best reflects the intention and meaning of the original text.

I declare that all statements made herein of my own knowledge are true and that all statements made
on information and belief are believed to be true. I further declare that these statements were made
with the knowledge that willful false statements and the like are punishable by fine, imprisonment, or
both, under 18 U.S.C. § 1001 and may jeopardize the validity or enforceability the patent subject to inter
partes review.

The documents are designated as:

·  JP01217196A.pdf
· JP2005527776A.pdf
· JPS56169195U.pdf

Signature

Warren Smith

Print
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