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[Abstract] It is an objective to achieve suppressing progress
of electrolytic corrosion (galvanic corrosion) by aluminum or
an aluminum alloy caused by diffusion of copper ions to a
connection pipe formed of aluminum or an aluminum alloy.
The copper ions are diffused through water having condensed
and staying in a small 10 gap between the thermally insulating
material and the connection pipe. In a gas pipe 30 and a liquid
pipe 40 of a connection pipe unit 20, connection portions 37
and 47, in which aluminum pipes 31 and 41 (first refrigerant
pipes: refrigerant pipes formed of aluminum or an aluminum
alloy) and copper pipes 32 and 42 (second refrigerant pipes:
refrigerant pipes formed 15 of copper or a copper alloy) are
respectively connected to each other, are disposed in fail
portions of the aluminum pipes 31 and 41. The connection pipe
unit 20 is covered with a thermally insulating material 60. An anti-
corrosion treatment is applied to the aluminum pipes 31 and 41
covered with the thermally insulating material 60, 20 [Selected
Figure] Fig. 2
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HEAT EXCHANGER AND AIR-CONDITIONING APPARATUS HAVING THE
SAME

[Name of Document] ABSTRACT
{Abstract

it is an objective to achisve suppressing progress of slectrolyiic corrosion
{galvanic corrosion) by aluminum or an aluminum alloy caused by diffusion of
copper ions {0 a connection pipe formed of aluminum or an aluminum alioy. The
copper jons are diffused through water having condensed and staying in a small
gap hetwaen the thermally insulating material and the connection pipe.

in a gas pipe 30 and a liguid pips 40 of a connection pips unit 20,
connection portions 37 and 47, in which aluminum pipes 31 and 41 (first
refrigerant pipas: refrigerant pipes formed of aluminum or an aluminum alloy)
and copper pipes 32 and 42 {second refrigerant pipes: refrigerant pipes formed
of copper or a copper alloy) are respectively connscled 1o sach other, are
disposed in fall portions of the aluminum pipes 31 and 41, The connection pipe
unit 20 is covered with a thermslly insulating material 84, An anti-corrosion
freatment is applied o the aluminum pipes 31 and 41 coverad with the thermally
insulating material 60,

(Selected Figure] Fig. 2
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{Name of Document] DESCRIPTION

{Title of Invention] HEAT EXCHANGER AND AIR-CONDITIONING APPARATUS
HAVING THE SAME

{Technical Field]

{0001}

The present invention relates to 8 heat exchanger and an alr-conditioning
apparatus squipped with the heat exchanger.

{Background Art]

{0002

Heat! exchangsrs aquippad with heat exchangers having heat transfer pipes
formed of aluminum or an aluminum alloy (hereafler, referred 1o as "sluminum heat
exchangs™) are known. The heat transfer pipes formed of sluminum or an aluminum
alloy {or refrigerant pipes formed of aluminum or an sluminum aloy and connecled to
the heat transfer pipaes. Thess pipes are referred to as "aluminum pipes” hereafter) of
stich & heat sxchanger are connectad to refrigerant pipss formed of copperora
copper altoy thereafter, referred to as "copper pipes”), thereby incorporating the heat
axchanger in a refrigaration cycla, In the case where the aluminum heat exchanger is
incorporatad in the refrigeration oyole using the copper pipes in the above-described
manner, whan water staying on the copper pipes adheres o the heat transfer pipes or
the aluminum pipes, there arises a problem in that slecirolytic corrosion {galvanic
gorrasion) ccowrs in the heatl transfer pipes or the aluminum pipes.

0003}

For this reason, technologies for heat sxchangers have been proposad so as fo
prevert slectrolytic corrosion {galvanic corrosion) in the heat transfer pipes formed of
aluminum or aluminum alioys and aluminum pipes from ocourring. Such a technology
has besn proposed, for sxample, as follows: "An air-conditioning apparatus includes a
main body of the air-conditioning apparatus, 8 comprossor, and 8 sacuring member
that secures a refrigeration cyole unit to the main body of the air-conditioning
apparatus, The refrigeration oycle unit includes a heat exchanger formed of

aluminum or an aluminum alloy and 2 refrigerant pips, which is formed of copper or a
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The present invention is proposed in order 1o solve the above-described
problem. An object of the present invention is to provide a heat exchanger and an abv-
corgditioning apparatus including the heat exchangsr, in which progress of slectrobdtic
corrosion (galvanic corrosion) of aluminum or an aluminum alloy can be suppressed.
Electrolyvlic corrosion {galvanic corrosion) of aluminum or an aluminum alloy is caused
by diffusion of copper lons o connaction pipes formead of aluminum or an aluminum
alloy through water having condensed and staying in a small gap betwaen the
thermally insulating material and the connection pips unit,

{Solution fo Problem]

0007

A haat exchanger according {o the prasent invention includes 8 heat transfer
pipe formed of aluminum or an aluminum alloy; and a connection pips unit through
which a refrigerant flowing out of the heat transfer pipe and a refrigerant flowing into
the heat transfer pipe pass, the connaction pips unit including a gas pipe through
which the refrigerant in 8 gaseous siate flows, and a lquid pipe through which the
refrigerant in 8 Hgquid slate or in a two-phase gas-liquid state flows, the gas pipe and
the liguid pipe sach having a first refrigerant pipe formed of aluminum or an aluminum
alloy, and a second refrigerant pipe formed of copper or 8 copper alloy, the first
refrigerant pipe and the second refrigerant pipe being connectad to each other, the
first refrigerant pipe having a fall portion conneciad fo the haat transfer pipe, the fall
portion extending downward relative to the heat transfer pipe. In the heat exchanger,
sach connection portion between the first refrigerant pips and the second refrigerant
pipe is disposed in the fall portion of the first refrigerant pipe, the connection pipe unit
is covered with a thermally insulating material, and anti-corrosion treatment is applied
o each first refrigerant pipe coverad with the thermally insulating material,

10008]

An air-conditioning apparatus according o the present invention includes the
haat exchanger.

{Advantagsous Effects of invention]

[0008]
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in the heat exchanger according o the present invention, in each of the gas
pipe and the liguid pipe of the connection pipe unif, the connsclion portion, in which
the first refrigerant pipe {refrigerant pipe formed of aluminum or an aluminum alloy)
and the second refrigerant pipe (refrigerant pips formed of copper or 8 copper alloy)
are connacted to each other, is disposed in the fall portion of the first refrigerant pipe.
The connection pipe unit is coverad with the thermally insulating material, and antl-
corrosion treatment is applied to the first refrigerant pipe {a refrigerant pipe formed of
aluminum or an aluminum alloy) coverad with the thermally insulating material, Thus,
aven whan condensation acours in the connection pipe unit covered with the
thermally insulating material and water having condansed stays in a small gap
betweean the thermally insulating material and the connection pipe unit, progress of
corrosion of the first refrigerant pips {a refrigerant pipe formed of aluminum or an
aluminum alloy) can be suppressed, and accordingly, the heat exchanger ¢an have a
fong iifs,

0010

Since the air-conditioning apparatus according to the presant invention includes
the heat exchanger, progress of corrosion of the first refrigerant pipe (& refrigerant
pipe formed of aluminum or an aluminum alloy) can be suppressed, and scoordingly,
the air-conditioning apparatus can have a long ife.
{Brisf Description of Drawings]

0011
Fig. 1} Fig. 1 is an explanatory diagram Hlustrating a state in which an ai
condifioning apparatus scoording to Embodiment of the present invention is instalied.
{Fig. €] Fig. ¢ includes perspactive views of 2 heat exchanger according o
Embodiment of the present invention.
Fig. 3 Fig. 3 is an enlarged front view of the main part of the heat exchanger
according o Embodiment of the present invention.
Fig. 4] Fig. 4 is a side view of the haat exchanger according to Embodiment of

the present invention.
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Fig. 5 Fig. 5 is a longitudinal sectional view of a connsction portion, iy which an
aluminum pipe and & copper pipe are connectad {o sach other, according o
Embodimant of the present invention.

[Fig. 8] Fig. 8 iz a cross-sectional view {(arrow sectional view taken along Hne A-A
in Fig. 5) of the connection portion, in which the aluminum pipe and the copper pipe
ara connscled to each other, according to Embodiment of the present invention.

{Fig. 71 Fig. 7 is 2 sactional view of a stale in which the aluminum pipe and a
copper pips according to Embodiment of the present invention are connected o each
other,

{Description of Embodiments]

{0012]

inn Embodiment balow, & heat exchanger according to the presant invention
instalied in an indoor unit of an sir-conditioning apparatus will be described. An
axample of the indoor unit according o the present invention is a wallmounting
indoor unit,

03]

Fig. 1 is an explanatory disgram llustrating a state in which the air-conditioning
apparatus according to Embaodiment of the present invention i installed,

Az Hustrated in Fig. 1, the airconditioning apparatus according to Embodiment
of the present invention includes an indoor unit 100 and an outdoor unit 101, The
indoor unit 100 s mountad on a wall 111 of a conditioned space 110, The suidoor
unit 101 is inslalied oulside the conditioned space 110

10014}

The indoor unit 100 includes componants such a3 a housing 1, afan §, and an
indoor heat exchanger 10, The housing 1 has, for sxample, a substantially
reclangular box shape and has an alr inlet 2 formead on an upper portion thereof and
an air outlet 3 formed on a lower portion thereol. The alr inlet 2 s provided with a
filter 2a, which collects dust and the like from indoor alr sucked into the housing 1.
The alr outlet 3 is provided with a wind divection adiustment mechaniam 4, which

adjust dirsctions of conditionsd air being blown through the air outlet 3.
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[0015]

The fan § includes, for example, a cross flow fan disposed in the housing 1.
The indoor heat exchanger 10 is digposed 80 as to cover a frond, top, and rear sides
ofthe fan &

10018}

The indoor heat exchanger 10 according to Embodiment of the present
invention includes fin-tube heat exchangers. Ths indoor heat exchanger 10 includes
a plurality of heat sexchangers 108 and a plursiity of heat exchangers 10b. The heat
axchangers 108 include oviindrical heat transfer pipes 12, The heat exchangers 10b
nclude flat heat transfer pipes 18, Each heat exchanger 10s includes a plurality of
fing 11 and the plurality of heat transfer pipss {oyvlindrical pipes) 12, The fins 11 are
formed of aluminum or an aluminum alioy. The heatl transfer pipes 12 are formed of
aluminum or an aluminum alioy. The fins 11 are stacked s0 as o be spaced apart
from one another by a specified gap. The heat ranster pipes {oylindrical pipes) 12
axtend through the stacked fins 11, Each heat exchanger 100 includes a plurality of
fins 15 and the plurality of heat transfer pipes (flal pipes) 16, The fing 15 are formed
of aluminum or an aluminum alloy. The heat transfer pipes 18 are formed of
aluminum or an aluminum alioy. The fins 15 are stacked so as to be spaced apart
from oneg another by a specified gap. The heat ransfer pipes (fiat pipes) 10 extend
through the stackad fing 15,

1017)

Whan the fan 5 is driven, room air in the conditionad space 110 is sucked into
the housing 1 through the air inlet 2. The room alr is heated or cooled into
conditionad alr while flowing through the indoor heat exchanger 10, The conditioned
air is blown through the alr outlet 3. In the indoor heat exchanger 10 acoording to
Embodiment of the presant invention, the heat exchangers 108 using the ovlindrical
heat transfer pipes 12 are located upstream in an air flow direction, and the heat
gxchangers 10b using the flal heat transfer pipes 19 are located downstream in the
air flow direction. The indoor heat exchanger 10 has a capability of having a plurality

of independent refrigerant clroults, so that the indogr heat exchanger 10 can be
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thermally divided into, for example, two sections for example, & section of the heat
axchangers 10a and a section of the heat exchangers 10k}, A pressure reducing
device for reheat dehumidification 8 for example, an expansion valve: Fig. 2) is
connectad betwesn thermally divided two sections of heat exchangers. This can
cause, while, for example, cooling oparation is being performed, part of the indoor
heat exchanger 10 o funclion as a condenser and part of the remaining part of the
indoor haat exchanger 10 to function as an evaporator. Thus, by thermally dividing
the indoor haat exchanger 10 into two ssctions, when dehumidification is performed
during cooling operation, the temperature of the conditioned air to be blown through
the air outlet 3 can be prevented from being excessively decreased.

0018

Tha indoor heat exchangsr 10 includes connection pipe unit 20, An end of the
gonnection pipe unit 20 is connaciad {o the heal ransfer pipes (connectsed {o either
the heat transfer pipes 12 or the heatl transfer pipes 18, or the heat! transfer pipes 12
and 16} of the indoor heat exchanger 10, The connection pipe unit 20 is formed of
coppear or a copper alloy and is routed o the outdoor side through a hols 112 formed
i the wall 111, A flare nut connaction unit 28 is provided at the other end of the
connaection pips unit 20. By connecting the flare nut connaction unit 28 {o a fare nut
connection unit 51 of an exiendsd pipe unit 80, which is connectad o the ocutdoor unit
101, the indoor unit 100 is connecied to the outdoor unit 101, That is, by connacting
the Hare nut connection unit 28 to the flare nut connaction unit 51, the indoor heat
axchanger 10 is connected to slements of a refrigeration cycle (such as an ouldoor
haat exchanger and a compressor, both of which are not shown), the slements being
provided in the ouldoor unit 101, thereby forming the refrigeration oyole.

{00181

As will be described iater, the connaction pips unit 20 includes two pipes {a gas
pipe 30 and & fiquid pipe 40). In order {0 accommodate these, the flare nut
connaction unit 28 includes two Hars nut connection sub-units (& Hare nut connection
sub-unit 38 for the gas pipe 30 and a flare nut connection sub-unit 48 for the liguid

pipe 40}, Accordingly, the extended pipe unit 80 also includes two pipes and the flare
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nut connection unit 51 of the extended pipe unit 80 includes two flare nut connaction
sub-units.

10020}

Next, the details of the connection pips unit 20 will be described.

021}

Fig. 2 includes perspective viesws of the heatl exchanger according to
Embodiment of the present invention. Fig. 3 is an enfargsd front view of the main part
of the hea! exchanger, Fig. 4 is a side view of the heat exchanger. Although Fig. &
includes separate views (8) and () for description of the gas pipe 30 and the liquid
pipe 40, the views {8) and (b} are the same except for reference numerals. The
details of the conneclion pips unit 20 according to Embodiment of the present
invention will be described below with reference to Figs, 2o 4,

10023]

The connection pipe unit 20 includes the gas pipe 30 and and the fiquid pipe
440,

{0023}

The gas pipe 30 is a refrigerant pipe through which mainly the refrigerantin a
gassous state flows. Thus, when cooling operation is being performed {(when the
indoor heat exchanger 10 functions as an evaporator), the refrigerant having flowed
through the heat transfer pipes 12 and 18 of the indoor heat exchanger 10 flows owt
of the indoor unit 100 through the gas pipe 30, In contrast, when heating operation is
baing performed {(when the indoor heat exchanger 10 funclions as an condenser), the
refrigerant {o flow through the heat transfer pipes 12 and 18 of the indoor heat
exchanger 10 flows into the Indoor unit 100 through the gas pipe 30

{0024]

The Higuid pipe 40 is a refrigerant pipe through which mainly the refrigerant in a
Hguid state flows, Thus, when cooling operation is being performed {when the indoor
heat exchanger 10 funclions as an evaporator), the refrigerant to Hiow through the
heat transfer pipes 12 and 18 of the indoor heat exchanger 10 flows into the indoor

unit 100 through the liquid pipe 40, iIn contrast, when heating operation is baing
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performed {when the indoor heat exchanger 10 functions as an condensern), the
refrigerant having flowed through the heat fransfer pipes 12 and 18 of the indoor hest
axchanger 10 flows out of the indoor unit 100 through the Hguid pipe 40, The
refrigerant having flowed through a pressure reducing devics, which is an slement of
the refrigeration oycle, may flow through the lquld pipe 40 depending on the
configuration of the refrigeration cydle. In this case, the refrigerant flowing through
the liquid pipe 40 is 3 liquid-rich two-phase gas-liquid refrigerant.

Q025

Inn the haat sxchanger scoording to Embodiment of the present invention, the
gas pips 30 is made of an aluminum pipe 31 formed of aluminum or an aluminum
alloy and a copper pipe 32 formed of copper or 8 copper alloy. Likewise, the liquid
pipe 40 is made of an aluminum pipe 41 formed of aluminum or an aluminum alloy
and & copper pipe 42 formed of copper or a copper alloy,. The asluminum pipes 31 and
41 correspond o a first refrigerant pipe, and the copper pipes 32 and 42 correspond
o a second refrigerant pipe. The reason for using the gas pips 30 and the liguid pipe
40 having the above-described structure is as follows.

10028]

in general, in the flare nut connection units 29 and §1 comnnecting the extended
pipe unit 50 to the gas pipe 30 and the liguid pipe 40, pipes on one side of connection
{for example, the pipes of the extended pipe unit 50) each have an intemal thread
portion, and pipes on the other side of the connaction {for example, the gas pipe 30
and the liquid pipe 40} each have an exiems! thread portion. Each intemal thread
portion has an internal thread formed in an inner swface thereof and & through hole
communicating with a space in which the internal thread is formed. Atthe endof g
pipe unit on the one side of the connaction (for axampls, the exdendad pipe unit 50},
each pipe is inserled through the through hole while the diameter of the end of the
pipe is enlarged by forming a flare. The external thread portion is brazed {o the end
of each pipe on the other side of the connaction (Jor exampls, the gas pipe 30 and the
guid pipe 40). The external thread portions and the respective internal thread

portions are screwed o each other. Thus, sach and of the pipes at which the flares is
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formed (for example, the pipe of the extended pips unit 50} on the one side of the
connection is firmly held bebwean the corresponding one of the intamal thread
portions and the corresponding one of the external thread portions. Thus, the
axtended pipe unit 80 is connected to the gas pips 30 and the liquid pipe 40, In
general, the external and the internal thread portions are formed of brass with
consideration of, for example, suitability of the matedsl for brazing and workability,

{00271

Herg, in the case whers, for example, the gas pipe 30 is formed only of the
aluminum pipe 31 and the flare nut connection sub-unit 38 of the gas pipe 30 has the
brass extemal thread portion, # is diffficult for the flare nut connaction sub-unit 38 to be
brazed {o the sluminum pipe 31, Also in this case, melal malerials of the aluminum
pipe 31 and the flare nut connection sub-unit 39 ars different from sach other, and
accordingly, electralytic corrosion (galvanic corrosion) as described later ocours in a
portion whers the aluminum pipe 31 and the flare nut connection sub-unit 38 are
connecied {o each other, For exampls, in the cass whers the gas pips 30 is formed
only of the aluminum pipe 31 and the flare nut connection sub-unit 38 of the gas pipe
30 has the brass internal thread portion, metal materials of the aluminum pipe 31 and
the flare nut connaction sub-unit 38 are different from each other, and accordingly,
sigotrolytic corrosion {galvanic corrosion} as described later occurs i a portion whare
the aluminum pips 31 and the flare nut connection sub-unit 38 are in contact with
gach other,

10028]

For example, in the cass where the gas pipe 30 is formed only of the aluminum
pipa 31 and the flare nu connection sub-unit 38 of the gas pipe 30 has the external
thraad portion formed of aluminum or an aluminum alloy, the strength of the screw
thread of the flars nut connection sub-unit 38 is insufficient. Also in this case, since
the flare nut connection unit 51 of the copper extended pipe unit 50 has the brass
iernal thread portions, slectrolytic corrosion {galvanic corrosion} as describad later
ooeurs between the flare nut connaction sub-unit 38 of the gas pipe 30 and the flare

nut connection unit 51 of the exlendad pipe unit 84

10
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{0238}

For sxample, in the case whers the gas pips 30 g formed only of the sluminum
pipe 31 and the flare nut connection sub-unit 38 of the gas pips 30 has the intemal
thread portion formed of aluminum or an aluminum alloy, the strength of the screw
thread of the flare nut connection sub-unit 38 is insufficient. Furthermors, when
forming a flare at an end of the aluminum pips 31, there is 8 concem that the end of
the aluminum pipe 31 may crack. Since the fare nut connaction unit §1 of the copper
extended pipe unit 80 has the brass external thread portions, slectrobytic corrosion
{galvanic corrosion) as described ater ocours betwean the Hars nut connection sub-
unit 39 of the gas pipe 30 and the fare nut connaction unit 51 of the extendead pipe
unit 58,

{0030

For example, in the case where the gas pipe 30 s formed only of the aluminum
pipe 31 and the flare nut conngction sub-unit 38 of the gas pipe 30 and the flare nud
connection unit &1 of the exdendad pipe unit 80 are formad of aluminum or an
aluminum alloy, the strengths of the sorew threads of the flare nit connection sub-unit
38 and the flare nut connection unit 51 are insufficlent. In the case where the flare nut
connaction sub-unit 38 of the gas pipe 30 has the internal thread portion, when
forming the flars al the end of the aluminum pipe 31, thers is a concern that the end
of the aluminum pipe 31 may crack. Furthermors, in order o prevent slectrolvtic
corrosion {galvanic corrosion) as described later from occurring in a portion whaers the
axtendad pipe unit 54 and the flare nut connection unit 51 are connected to each
other, the pipes of the extended pipe unit 50 need 1o be formed of alminum or an
aluminum alloy, For this reason, i the case where the flare nut connection unit §1 of
the extended pipe unit 50 has the internal thread portions, whean forming the flares at
the end of the pipes of the extended pips unit 50, there s a concern that the end of
the pipes of the sxdended pipe unit 50 may crack.

F031]

Thus, in the heat exchanger according o Embodiment of the present invention,

the gas pips 30 is formed of the aluminum pipe 31 and the copper pipe 32, In the gas

11
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pipe 30, the brass flare nut connection sub-unit 39 having an intermnal or extermal
thraad portion is provided at an end of the copper pipe 32, thereby preventing the
strength of the screw thread from becoming insufficient and the and of the pipe from
cracking, which might otherwise ocour when the flars is formed. Likewise, the liquid
pipe 40 is formed of the aluminum pipe 41 and the copper pipe 42, and the brass flars
nut connaction sub-unit 49 having an internal or external thread portion is provided at
an end of the copper pips 42, thareby praventing the strength of the sorew thread
from becoming insufficient and the end of the pips from cracking, which might
otharwise ocour whan tha flare is formad.

0032]

Here, in the heat exchangsr according o Embadiment of the present invantion,
the aluminum pipe 31 and the copper pipe 32 are connecled to each other at a
connection portion 37 by sulsclic bonding (bonding in which metals are contacted
with each other al a cerlain tempearature so as to form a sulectic alloy). The end of
the aluminum pipe 31 opposite to the connection portion 37 is connecled {o one of the
heat transfer pipes 12 or one of the haat ransfer pipes 18 by, for sxample, brazing.
Likewise, the aluminum pipe 41 and the coppsr pipe 42 are connectad to sach other
at a connection portion 47 by sufectic bonding (bonding in which metals are contacted
with sach other at a certain femperatura 5o as to form & sulectic alloy). The end of
the aluminum pips 41 opposiie {0 the connsclion porlion 47 s connected to ons of the
heat transfer pipes 12 or one of the heatl transfer pipes 18 by, for example, brazing.

10033}

in particutar, the connection portion 37, in which the sluminum pipe 31 and the
copper pipe 32 are connecied o each other, and the connsction portion 47, in which
the aluminum pips 41 and the copper pips 42 are conneciad to sach other, have a
structure as Hustrated in Fig. 7. That is, the ends of the copper pipes 3¢ and 44 are
respactively inserted into the ends of the aluminum pipes 31 and 41 so as to be
connecied o each other by sutectic bonding (bonding in which metals are contacted
with each other at a cerlain lemperatire so as to form a sulectic atloy). When water

adheres {0 the connection portions 37 and 47, in particudar, adheres o the ends of the
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aluminum pipes 31 and 41, into which the copper pipes 32 and 42 are inserted,
slsctrolytic corrosion (galvanio corrosion) occurs in the connection portions 37 and 47
{in particular, parts of the connection portions 37 and 47 formed of aluminum or an
aluminum alloy) in accordance with a principle, which will be desoribed later, Thus, In
order {o make the connsction portions 87 and 47 watlarproof, it s desirable that the
connection portions 37 and 47 be coversd with heat shrinkable tubes or coated,

{0034]

in the air-conditioning apparatus according to Embodiment of the present
invention, as Hustrated in Fig. 1, when the indoor unit 100 is installed, the connection
pipe unit 20 {gas pipe 30 and the fiquid pipe 40} is routed {o the outdoor side through
the hole 112 formed in the wall 111, in so doing, the position of the hole 112 of the
wall 111 and an inslallation position of the indoor unit 100 change in accordanss with
the instaliation snvironment. Thus, lowsr curved portions 38 and 48 are repeatsdly
bent and stretched. In order to prevent the lower curved portions 38 and 48 from
being fiattened or damaged, the lower curved portions 36 and 48 are formed of
coppsr or & copper alloy, which have strengths higher than that of aluminwm or an
aluminum alloy,

[003s)

i Embodiment, the aluminum pipe 31 of $8.52 mm x 11,0 mm and the copper
pipe 32 of 852 mm x 0.8 mm are connecied 1o each other so as to form the gas
pipe 30, and the aluminum pipe 41 of §7.00 mm x 1075 mm and the copper pipe 42 of
$7.00 mm x .80 mim are connected to each other so as {o form the liguid pipa 440,

{0038

Also in Embodiment, in order {0 prevent electiolvtic corrosion {galvanic
corrosion} of the aluminum pipss 31 and 41 from ocourring, the gas pipe 30 and the
Houid pipe 40 are formad {o have the following shapes.

10037

Whaen water including copper fons {Cu2+} is in contact with aluminum or an
aluminum alioy, aluminum or the sluminum alloy undergoes the following reaction dus

to the difference in lonization tendency:
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281+ 30U+ - 2AR+ + 3Cu
That is, aluminum is ionized, and accordingly, electrolviic corrosion {galvanic
oorrosion} of aluminum or an aluminum alloy ooours.

0038]

In contrast, adhesion of water droplats including aluminum ions (AlB+) o
aluminum or an aluminum alloy does not cause slectrolylic corrosion {galvanic
corrosion) of aluminum or an aluminum alloy, because the watsr including aluminum
ions is composead of the sams alom as aluminum or an aluminem alloy. Whean water
droplets including aluminum lons (Al3+) adhere 10 copper or & copper alloy, lonization
tendency of copper is smalier than that of aluminum, and accordingly, slectrolytic
corresion {galvanio corrosion) of copper or 8 copper alloy doss not soowr,

{00381

The gas pips 30 and the liquid pipe 40 in belween upper curved portions 34
and 44 and the heal transfer pipes 12 and 18 of the indoor haat exchanger 10 are
nclined such that droplets of waler having condensed flow toward the indoor heat
sxchanger 10, Thus, when the connection portions 37 and 47 are located cloger to
the heat transfer pipes 12 and 18 of the indour heal exchanger 10 than the upper
curved portions 34 and 44 are, water droplels including copper lons flow toward the
incdoor heat exchanger 10, This causes slectrolviic corrosion {gabvanic corrosion) {o
oocur in portions of the gas pipe 30 and the liquid pipe 40, the portions being formed
of aluminum or an aluminum alloy, and the heat transfer pipes 12 and 18 of the indoor
heat exchangar 10 formed of aluminum or an aluminum alloy.

{3040

Thus, in Embodimeant, the connsclion portion 37 is disposead in a linear portion
35, which is in a substantially vertical portion of the gas pipe 30, such that an upper
part of the linear portion 35 is o be the aluminum pipe 31 and the lower part of the
finear portion 3% of the gas pipe 30 is to be the copper pipe 32,

10041}

Likewise, the connaction portion 47 is disposed in a linear portion 45, which is

in a substantally vertical portion of the liguid pipe 40, such that an upper pant of the
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finsar portion 45 is {o be the aluminum pipe 41 and the lower part of the Enesr portion
45 of the liguid pipe 40 is o be the copper pipe 42,

10042

That is, the connection portions 37 and 47 are located above the lower curved
portions 38 and 48 in the linear portions 35 and 48 of fall portions 33 and 43,

Although the fall portions 33 and 43 are substantially vertical in Embodiment, it
is clear that the fall portions 33 and 43 may be inclined.

0043}

The connection portion 37 of the gas pipe 30 and the connaction portion 47 of
the Hquid pipe 40 are desirably located at the same height level bacause, in many
cases, the gas pipe 30 and the fiquid pipe 40 are disposed s0 as {o be close 0 each
other. By locating the connection portion 37 of the gas pipe 30 and the connaction
portion 47 of the Hquid pipe 40 at the same height level, a sluation in which
glactrofytic corrosion {galvanic corrosion) coours in the aluminum pipe 41 of the liguid
pine 40 dus to contact of the aluminum pipe 41 of the liguid pips 40 with the copper
pipe 32 of the gas pipe 30 can be prevented from ocourring. Furthermore, a situgtion
in which slectrolytic corrosion {galvanic corrosion) ocours i the aluminum pipe 31 of
the gas pipe 30 due to contact of the sluminum pipe 31 of the gas pipe 30 with the
coppar pipe 42 of the ligquid pipe 40 can b also prevented from ooourring.

10044]

in Embodiment, condansation is supprassad by covering the connaction pipe
unit 20 with a thermally insulating material 80 in order o pravent leakage of water
droplets having condensed on the connection pipe unit 20 to the oulside of the air
conditioning apparatus,

{0048]

Fig. § is 8 longitudinal sectional view of the connection portion of the aluminum
pipe and the copper pipe according to Embodiment of the present invention. Fig. 8 s
a cross-sectional view (arrow sectional view taken along line AA In Fig. S of the

sonnaction portion.
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Condensation cannot be complstely pravented by covering the connection pipe
it 20 with the thermally insulating material 80 as described above. Thus, a small
amount of water having condensad stays in a8 small space 70 (Figs. § and 8) betwean
the thermally insulating material 80 and the connection pipe unit 28, The waler
having condenssd and staying in the small space 70 covers surfaces of the aluminum
pipes 31 and 41 and the copper pipes 32 and 42 in a continuous manner. As a result,
copper jons Cud+ of the copper pipes 32 and 42 diffuse toward the aluminum pipes
31 and 41 against gravity through the water having condensed and staying, thereby
causing slectroltic corrosion {galvanic corrosion) of aluminum or an aluminum alloy
o ooour.

{0048]

According fo Embodiment, sven when coppey long Cud+ of the copper pipes 32
and 42, which ars formed of copper or an copper alloy, diffuse against gravily toward
the aluminum pipes 31 and 41 through the watsr having condensed and staying inthe
small space 70, a zine diffusion layer is formed on the surface of each of the
aluminum pipes 31 and 41 s that corrosion of the aluminum pipes 31 and 41 can be
suppressad. By doing this, progress of corrosion of the aluminum pipes 31 and 41
formed of aluminum or an aluminum alioy can be suppressed, and accordingly,
refiability of measurss against leakage of the refrigerant can be improved.

i{ is desirable that formation of the zine diffusion layer on the surfaces of the
aluminum pipss 31 and 41 formed of aluminum or an aluminem alloy be performed on
original pipes of the aluminum plpes 31 and 41,

{Q047]

Alternatively, as an andb-corrosion treatment of the aluminum pipes 31 and 41
formad of the aluminum or an aluminum alloy, the heal shrinkable tebhes or coatings
attached or applied to the connection portions 37 and 47 may be apphed or altached
gntirely to ranges of the aluminum pipes 31 and 41, the ranges being coverad by the
thermally insulating material 80, in order to prevent water from adhering {o the
connaction portions 37 and 47 in this case, # is desirable that the heat shrinkable

tubes are altached or coatings be applied 1o the aluminum pipes 31 and 41 whils the
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aluminum pipes 31 and 41 are stil conngction pipes in an assembled state before
being brazed {o the heat transfer pipes 12 and 18 of the indoor heat exchanger 10

048]

Alternatively, as the anti-corrosion traatmant of the aluminum pipes 31 and 41
formed of the aluminum or an aluminum alloy, the aluminum pipes 31 and 41 may be
anodized or plated with metal such as zinc or mangansse, Also in this case, itis
desirable that the aluminum pipes 31 and 41 be anodized or plated while the
aluminum pipe 31 and 41 are connection pipss in an assembled state before being
brazed to the heat transfer pipes 12 and 18 of the indoor haat exchanger 10,

{00481

Alternatively, a clad material, which is formed of a core material and a high
corrosion-rasistant aluminum alioy (for example, AT072) superposed on the core
material, may be used for the aluminum pipes 31 and 41 as the malerial to which the
anti-corrosion reatment is applisd,

10050

i above-desoribsd Embodiment, an exampls of the heat escchangsy according
o the present invention is instalied in the indoor unit 100, However, s clear that the
heat exchanger according o the present invention may be instalisd in the suddoor unit
101, That is, in above-desuribad Embodiment, an sxample of the heal exchanger
according o the present invention is ussed as the indoor heat exchanger 10,

Howsver, i is olear that the heat exchanger according o the presant invention may
he used as an ouldoor heat exchanger.

10051}

in above-describad Embodiment, an exampie of the oviindrical heat transfer
pipes 12 and the fiat heat transfer pipes 16 are used in the indoor heat exchanger 10,
However, the indoor heat exchanger 10 may use sither the heat transfer pipes 12 or
the heat transfer pipes 18,

{0082}

in above-described Embodiment, an example of the heat exchanger {indoor

heat exchangsr 10} includes fin-tube heat exchangers. Howsver, it is clear that the

17
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present invention is applicable o a variely of heat exchangers. That is, the prasent
mvention can be implemented by connecting the gas pips 30 and the Hguid pips 40,
which have been described in Embodiment of the present invention, 1o a heat
exchanger equipped with heat transfer pipes formed of aluminum or an aluminum
alloy.

iReference Signs List]

{0053]

1 housing, 2 air inlet, 2a filter, 3 air cutlet, 4 wind direction adjustment
mechanism, 5 fan, 8 pressure reducing device for reheat dehumidification, 10 indoor
heat exchanger, 108, 10b heat exchanger, 11 fin, 12 heat transfer pipe {ovlindrical),
15 fin, 18 heat ransfer pipe (flat), 20 connection pipe unit, 28, 51 flare nut connection
unit, 30 gas pipe, 31, 41 aluminum pipe (first refrigerant pips}, 32, 42 copper pipe
{second refrigerant pipe), 33, 43 {all portion, 34, 44 upper curved portion, 35, 45 linear
portion, 38, 48 lower curved porlion, 37, 47 connection portion, 38, 48 flare nut
connaction sub-unit, 40 liguid pipé, 50 axtendad pipe unil, 80 tharmally insulating
material, 70 small space, 100 indoor unit, 101 outdoor unit, 110 conditioned spage,

111 wall, and T2 hole.

18
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IName of Document] CLAIMS
[Claim 1}

A heat exchanger comprising:

a heat transfer pipe formead of aluminum or an aluminum alloy; and

a connection pips unit through which a refrigerant flowing out of the heat
transfer pipe and a refrigerant flowing info the heat transfer pipe pass,

the connsction pipe unit including

8 gas pips through which the refrigerant in a gassous stale flows, and

& Bquid pipe through which the refrigerant in a liguid state or in a two-
phass gas-Hiquid state Hows,

the gas pipe and the liquid pipe each having

a first refrigerant pips formed of aluminum or an aluminum slloy, and

a second rafrigerant pipe formed of copper or a copper alloy,

the first refrigerant pipe and the second refrigerant pipe being connectad to
gach other,

the first refrigerant pips having a fall portion connecied o the heat transter
pipe, the fall portion extending downward refative fo the heal transfer pipe,
wherein

aach connection portion batwsen the first refrigerant pips and the sscond
refrigerant pipe is disposad in the fall portion of the first refrigerant pipe,

the connection pips unit is coverad with a thermally insulating material,
and

anti-corrosion treatment is applied to sach first refrigerant pipe covered
with the thermally insulating material.
{Claim 2}

The heat exchanger of Claim 1, whersin



the gas pipe and the liguid pipe each have a curved portion in a lower part
of the fall portion of the first refrigerant pips, and
sach e:.mﬁeétim portion s located above the corrgsponding curved
portions.
§ [Claim 3]
The heat exchanger of Claim 1 or 2, wherein
the connaction portion of the gas pipe and the connection portion of the
quid pipe are lvcated at & same height level,
{Ciaim 4]
168 An air-conditioning apparatus comprising:

the heat exchanger of any ones of Claims 110 3.

20
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