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(57) ABSTRACT

An outer pipe (11), which 1s buried under the ground, 1s
provided, and a heat transfer pipe (12), in which heat
exchange fluid tlows, 1s inserted into the outer pipe (11). A
heat medium (13) 1s sealed 1n the outer pipe (11). At least a
part of the heat transfer pipe (12) 1s formed by a tlat body (12e,
... ythat1s formed by a flat pipe (12¢, 14) or a composite pipe
(15) 1n which a plurality of pipes (15a) are arranged 1n a flat
shape. A flat side of the flat body (12e, . . . ) contacts an inner
peripheral surface of the outer pipe (11).
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UNDERGROUND HEAT EXCHANGER AND
AIR CONDITIONING SYSTEM INCLUDING
THE SAME

TECHNICAL FIELD

[0001] The present mvention relates to underground heat
exchangers that exchange heat between fluid to be heat-ex-
changed and soil under the ground.

BACKGROUND ART

[0002] Conventionally, underground heat exchangers are
known which exchange heat between fluid to be heat-ex-
changed (hereinafter referred to as the “heat exchange fluid”)
and soil under the ground. A configuration in which heat 1s
exchanged between the heat exchange fluid and the soil via a
heat medium that changes 1n phase, etc. 1s known as such
underground heat exchangers.

[0003] Specifically, as disclosed 1n, e.g., Patent Document
1, apipe containing a heat medium 1s buried under the ground,
and a heat exchanger 1n which heat exchange fluid flows 1s
provided so as to exchange heat with the heat medium in the
pipe, which 1s evaporated by geothermal heat. Thus, heat of
the heat medium evaporated in the pipe buried under the
ground 1s transferred to the heat exchange fluid by the heat
exchanger, and 1s used as a heat source of heating 1n a circuit
in which the heat exchange fluid flows.

CITATION LIST
Patent Document

[0004] PATENT DOCUMENT 1: International Publication
No. W02004/111559

SUMMARY OF THE INVENTION
Technical Problem

[0005] However, the heat exchanger of Patent Document 1
performs heat exchange by line contact between the pipes.
Thus, this heat exchanger has low heat exchange efficiency,
and each heat-transier pipe needs to have a certain length 1n
order to ensure heat exchange capability. That 1s, the overall
length of the heat exchanger 1s increased, thereby increasing
manufacturing cost and on-site construction cost of the heat
exchanger.

[0006] The present invention was developed 1n view of the
above problem, and it 1s an object of the present mnvention to
enable heat exchange fluid to efficiently exchange heat with
so1l under the ground, in a heat exchanger in which a heat-
transier pipe having the heat exchange fluid flowing therein 1s
inserted 1n an outer pipe, and a heat medium 1s sealed 1n the
outer pipe.

Solution to the Problem

[0007] In order to solve the above problem, a first aspect of
the invention 1s intended for an underground heat exchanger
including: an outer pipe (11) that 1s buried under a ground; a
heat-transier pipe (12) which 1s inserted into the outer pipe
(11), and in which heat exchange fluid flows; and a heat
medium (13) that 1s sealed 1n the outer pipe (11), where the
underground heat exchanger exchanges heat with soil by
using a change in phase of the heat medium (13), wherein at
least a part of the heat-transter pipe (12) 1s formed by a flat

body (12, . . . ) that 1s formed by a flat pipe (12¢, 14) or a
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composite pipe (15) 1in which a plurality of pipes (15a) are
arranged 1n a flat shape, and a flat side of the flat body (12e, .
.. ) contacts an inner peripheral surface of the outer pipe (11).

[0008] According to the above configuration, by using this
underground heat exchanger as, e.g., an evaporator 1n an air
conditioning system that performs a heating operation, a
cycleisrepeated 1n which the heat medium (13) condensed on
a surface of the heat-transfer pipe (12) flows along an outer
surface of the heat-transier pipe (12) to an inner peripheral
surface of the outer pipe (11), and 1s evaporated on the inner
peripheral surface of the outer pipe (11) by geothermal heat.
In this underground heat exchanger, at least a part of the
heat-transter pipe (12) 1s formed by the flat body (12e¢, . . .).
Thus, the heat medium (13 ) condensed on the outer peripheral
surface of the heat-transter pipe (12) 1s less likely to scatter or
tall. That 1s, on the second main body portion (12¢), the heat
medium (13) can eificiently obtain heat from the heat
exchange fluid within the heat-transter pipe (12).

[0009] Moreover, by wusing this underground heat
exchanger as a condenser 1n an air conditioning system that
performs a cooling operation, a cycle 1s repeated 1n which the
heat medium (13) evaporated on the surface of the heat-
transier pipe (12)1s condensed on the inner peripheral surface
of the outer pipe (11) by geothermal heat, and the evaporated
heat medium (13) moves to the surtace of the heat-transier
pipe (12). Thus, the heat medium (13) can be efficiently
circulated 1n the entire length of the outer pipe (11) 1n a
longitudinal direction. In this case as well, forming at least a
part of the heat-transter pipe (12) 1n the tlat shape can reduce
the size of a refrigerant accumulating portion formed between
the heat-transier pipe (12) and the inner peripheral surface of
the outer pipe (11). Thus, the heat medium (13) condensed on

the mner peripheral surface of the outer pipe (11) can be
cifectively guided to the heat-transfer pipe (12). Forming the
heat-transier pipe (12) in the flat shape can also ensure a
larger contact area between the heat-transfer pipe (12) and the
outer pipe (11), whereby direct heat transfer efficiency 1s also
further increased.

[0010] A second aspect of the invention 1s intended for the
underground heat exchanger of the first aspect of the 1inven-
tion, wherein the heat-transfer pipe (12) 1s formed so as to
extend from a top of the outer pipe (11) and to be bent at a
bottom of the outer pipe (11) to return to the top.

[0011] In this configuration, the heat-transter pipe (12) 1s
formed 1n the outer pipe (11) so as to extend from the top of
the outer pipe (11) and to be bent at the bottom of the outer
pipe (11) to return to the top. Thus, when this underground
heat exchanger 1s used 1n an air conditioning system capable
of performing heating and cooling operations, the heat
medium (13) can be efficiently circulated in the entire length
of the outer pipe (11) 1n the longitudinal direction by the
single heat-transfer pipe (12) in the heating and cooling
operations.

[0012] A third aspect of the mvention 1s intended for the
underground heat exchanger of the first or second aspect of
the invention, wherein the heat-transter pipe (12) includes a
first main body portion (124) extending from a top to a bottom
of the outer pipe (11), and a second main body portion (12¢)
extending from the bottom to the top of the outer pipe (11),
and at least one of the first and second main body portions
(12d, 12¢) 1s formed 1n a helical shape, and a portion having

the helical shape 1s the flat body (12e, .. . ).
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[0013] In this configuration, heat exchange 1s performed
mainly 1n the portion formed 1n the helical shape 1n the heat-
transter pipe (12).

[0014] A fourth aspect of the invention 1s intended for the
underground heat exchanger of the third aspect of the mnven-
tion, wherein a plurality of grooves (12f), which extend 1n a

direction of gravity 1n an installed state, are formed 1n an outer
peripheral surface of the heat-transter pipe (12).

[0015] Inthis configuration, the grooves (12f) are provided
in the heat-transter pipe (12).

[0016] Thus, when, e.g., this underground heat exchanger
1s used as an evaporator 1n an air conditioning system that
performs a heating operation, the heat medium (13) con-
densed on the outer peripheral surface of the heat-transter
pipe (12) can be guided to the inner peripheral surface of the
outer pipe (11) by surface tension and a pressure diflerence 1in
a liquid film 1n the grooves (12f). Moreover, when this under-
ground heat exchanger 1s used as a condenser 1n an air con-
ditioning system that performs a cooling operation, the heat
medium (13) condensed on the inner peripheral surface of the
outer pipe (11) can be more effectively guided to the outer
peripheral surface of the heat-transier pipe (12) by the
grooves (12f). Thus, 1n the present invention, the condensed
heat medium (13) can be effectively guided to a portion where
heat exchange 1s to be performed (the inner peripheral surface
of the outer pipe (11) and the outer peripheral surface of the
heat-transier pipe (12)) by the grooves (12f) of the heat-
transter pipe (12).

[0017] A fifth aspect of the mvention 1s intended for the
underground heat exchanger of any one of the first to fourth
aspects of the invention, wherein a groove (11a) extending 1n
a circumierential direction of the outer pipe (11) 1s formed 1n
the inner peripheral surface of the outer pipe (11).

[0018] In this configuration, the condensed heat medium
(13) can be spread in the circumierential direction by the
groove (11a) 1n the mner peripheral surface of the outer pipe
(11).

[0019] A sixth aspect of the mvention 1s intended for the
underground heat exchanger of the fifth aspect of the mnven-

tion, wherein the groove (11a) of the outer pipe (11) 1s formed
so as to extend 1n a horizontal direction 1n an 1nstalled state.

[0020] In this configuration, since the groove (11a) of the
outer pipe (11) 1s formed so as to extend in the horizontal
direction 1n the installed state, the heat medium condensed
inside the outer pipe (11) 1s less likely to tlow vertically
downward.

[0021] A seventh aspect of the invention 1s mntended for an
air conditioning system including: a refrigerant circuit (2)
including the underground heat exchanger (10) of any one of
the first to sixth aspects of the invention, a utilization-side
heat exchanger (5), a compression mechanism (3), an expan-
sionmechanism (6), and a tlow path switching portion (4) that
switches a direction in which a refrigerant as the heat
exchange fluid flows, wherein the air conditioning system 1s
configured to be capable of switching between a heating
operation and a cooling operation by switching the direction
in which the refrigerant flows in the refrigerant circuit (2) by
the flow path switching portion (4).

[0022] In this configuration, the underground heat
exchanger as a heat-source-side heat exchanger can be made
to function either as an evaporator or a condenser by switch-
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ing the flow of the refrigerant as the heat exchange fluid 1n the
refrigerant circuit (2) by the tflow path switching portion (4).

Advantages of the Invention

[0023] According to the first aspect of the ivention, the
heat medium (13) can be elliciently evaporated or condensed
when the underground heat exchanger 1s used either as an
evaporator or a condenser. That 1s, according to the present
invention, 1 the underground heat exchanger, the heat
exchange fluid can efliciently exchange heat with soi1l under
the ground. Such increased heat exchange eificiency can
reduce the size and manufacturing cost of the underground
heat exchanger, and can also simplify on-site construction
work.

[0024] According to the second aspect of the invention, the
heat medium (13) can be circulated 1n the entire length of the
outer pipe (11) in the longitudinal direction by the single
heat-transier pipe (12) 1n the heating and cooling operations.
This can increase the heat exchange efliciency, and can
reduce the cost of the underground heat exchanger.

[0025] According to the third aspect of the invention, the
second main body portion (12¢) of the heat-transter pipe (12)
1s formed 1n the helical shape. This can further increase the
surface area of the heat-transfer pipe (12) that contacts the
inner peripheral surface of the outer pipe (11), and thus can
further improve the heat exchange efliciency.

[0026] According to the fourth aspect of the invention, the
condensed heat medium (13) can be effectively guided by the
grooves (12f) of the heat-transter pipe (12) to a portion where
heat exchange 1s to be performed. This can further improve
the heat exchange elfficiency.

[0027] According to the fifth aspect of the invention, the
condensed heat medium (13) can be spread 1n the circumfier-
ential direction by the grooves (11a) 1n the mner peripheral
surface of the outer pipe (11). This can further improve the
heat exchange elfficiency.

[0028] According to the sixth aspect of the invention, the
heat medium condensed inside the outer pipe (11) 15 less
likely to flow vertically downward. This can further improve
the heat exchange efliciency.

[0029] According to the seventh aspect of the vention,
advantages similar to those of the first to sixth aspects of the
invention can be provided in the air conditioning system
capable of performing the heating and cooling operations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG.11saschematic configuration diagram of an air
conditioning system including underground heat exchangers
according to a first embodiment of the present invention.

[0031] FIG. 2A 1s a transverse cross-section showing a
schematic configuration of the underground heat exchanger,
and FIG. 2B 1s a longitudinal cross-section showing a sche-
matic configuration of the underground heat exchanger.

[0032] FIG. 31sadiagram schematically showing a state in
which the underground heat exchanger 1s 1nstalled.

[0033] FIG. 4 1s a partial enlarged perspective view show-
ing a schematic configuration of an outer pipe and a heat-
transier pipe of the underground heat exchanger.

[0034] FIG. 5 1s a partial enlarged cross-sectional view
showing a change 1n phase of carbon dioxide inside the under-
ground heat exchanger in a heating operation. [FIG. 6 15 a
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diagram corresponding to FIG. 5, showing a change 1n phase
of carbon dioxide inside the underground heat exchanger 1n a
cooling operation.

[0035] FIG.71saschematic configuration diagram of an air
conditioning system including an underground heat
exchanger according to a second embodiment of the present
ivention.

[0036] FIG. 8 1s a longitudinal cross-section showing the
underground heat exchanger of the second embodiment.
[0037] FIGS.9A-9B are diagrams 1llustrating movement of
a relrigerant 1n a cooling operation, where FIG. 9A 1s a
cross-sectional view of the underground heat exchanger, and
FIG. 9B 1s an enlarged view of a heat medium holding por-
tion.

[0038] FIG. 10 15 a longitudinal cross-section showing a
configuration of a modification of the underground heat
exchanger.

[0039] FIGS. 11A-11B are diagrams showing other con-

figuration examples of a heat-transter pipe.

[0040] FIG. 12 1s a diagram showing still another configu-
ration example of the heat-transfer pipe.

[0041] FIG. 13 1s a diagram schematically showing a state
in which the underground heat exchanger 1s installed hori-
zontally.

[0042] FIGS. 14A-14B are diagrams showing another con-
figuration example of an outer pipe, where FIG. 14A 1s a

transverse cross-section of the outer pipe, and FIG. 14B 1s a
partially cut-away perspective view of the outer pipe.

DESCRIPTION OF EMBODIMENTS

[0043] Embodiments of the present invention will be
described 1n detail below with reference to the accompanying
drawings. Note that preferred embodiments set forth below
are to be regarded as illustrative in nature, and are not
intended to limit the scope, applications, and use of the mven-
tion.

First Embodiment

[0044] An underground heat exchanger of a first embodi-
ment of the present invention 1s used in air conditionming
systems capable of performing a heating operation and a
cooling operation, and 1s configured to function as an evapo-
rator 1n the heating operation to recover heat from soil under
the ground, and to function as a condenser in the cooling
operation to dissipate heat to the soil under the ground.

[0045] (Overall Configuration of Air Conditioning System)

[0046] FIG.11saschematic configuration diagram of an air
conditioning system (1) including an underground heat
exchanger (10) of the first embodiment of the present mven-
tion. The air conditioning system (1) includes a compressor
(3) (a compression mechanism), a four-way valve (4) (a tlow
path switching portion), an indoor heat exchanger (5) (a uti-
lization-side heat exchanger), an expansion valve (6) (an
expansion mechanism), and a refrigerant circuit (2) that 1s
formed by sequentially connecting via a refrigerant pipe a
plurality of underground heat exchangers (10) buried under
the ground. A refnigerant (heat exchange fluid) 1s sealed 1n the
refrigerant circuit (2). As the refrigerant circulates in the
refrigerant circuit (2), the indoor heat exchanger (3) serves as
a condenser, and the underground heat exchangers (10) serve
as an evaporator during the heating operation, whereas the
indoor heat exchanger (5) serves as an evaporator, and the

underground heat exchangers (10) serve as a condenser dur-
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ing the cooling operation. Thus, a vapor-compression refrig-
eration cycle 1s performed. Note that in the present embodi-
ment, the plurality of underground heat exchangers (10) are
connected 1n parallel to the refrigerant circuit (2), so that each
underground heat exchanger (10) exchanges heat with soil
under the ground.

[0047] Thecompressor (3)1s, €.g., a scroll compressor, and
1s configured to suck the refrigerant through a suction port to
compress the refrigerant, and to discharge the compressed
refrigerant through a discharge port. In the refrigerant circuit
(2), the discharge port of the compressor (3) 1s connected to a
second port (P2) of the four-way valve (4), and the suction
port ol the compressor (3) 1s connected to a fourth port (P4) of
the four-way valve (4).

[0048] A first port (P1) of the four-way valve (4) 1s con-
nected to the indoor heat exchanger (5), the second port (P2)
thereol 1s connected to the discharge port of the compressor
(3), a third port (P3) thereof 1s connected to the underground
heat exchangers (10), and the fourth port (P4) thereof 1s
connected to the suction port of the compressor (3). The
four-way valve (4) can be switched between a first state (a
state shown by solid line 1n FIG. 1) 1n which the first port (P1)
communicates with the second port (P2), and the third port
(P3) communicates with the fourth port (P4), and a second
state (a state shown by broken line in FIG. 1) 1n which the first
port (P1) communicates with the fourth port (P4), and the
second port (P2) communicates with the third port (P3).

[0049] The indoor heat exchanger (5) 1s, €.g., a cross-fin
type fin-and-tube heat exchanger, and 1s an air heat exchanger
for exchanging heat between a refrigerant and room air. In the
air conditioning system (1), the indoor heat exchanger (5) 1s
incorporated into an mdoor unit placed in a room to be air
conditioned. In the refrigerant circuit (2), one end of the
indoor heat exchanger (5) 1s connected to the expansion valve
(6), and the other end thereot 1s connected to the first port (P1)
of the four-way valve (4). An indoor fan (7) for sending air
heat-exchanged with the indoor heat exchanger (5) to a room
1s provided near the indoor heat exchanger (5).

[0050] The expansion valve (6) 1s formed by an electronic
expansion valve whose openming 1s variable. By varying the
opening of the expansion valve (6), the refrigerant introduced
from the indoor heat exchanger (3) or the underground heat
exchangers (10) to the expansion valve (6) can be expanded,
and the pressure of the refrigerant can be reduced to a prede-
termined pressure.

[0051] Fach underground heat exchanger (10) has a sub-
stantially cylindrical outer shape, and 1s burnied under the
ground so as to extend in the longitudinal direction (the ver-
tical direction) so that heat exchange 1s performed between
the refrigerant flowing 1inside the underground heat exchanger
(10) and the so1l. As described 1n detail later, the underground
heat exchanger (10) has an outer pipe (11) having a bottomed
cylindrical shape, a heat-transter pipe (12) which 1s contained
in the outer pipe (11) and 1n which the refrigerant flows, and
a heat medium (13) that 1s sealed 1n the outer pipe (11). The
underground heat exchanger (10) 1s configured to exchange
heat between the refrigerant flowing inside the heat-transier
pipe (12) and the soi1l located outside the outer pipe (11) via
the heat medium (13).

[0052] The air conditioning system (1) having the above
configuration performs the heating operation when the four-
way valve (4) 1s 1n the first state, and performs the cooling
operation when the four-way valve (4) 1s 1n the second state.
That 1s, 1n the heating operation, a vapor-compression refrig-
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eration cycle 1n which the underground heat exchangers (10)
function as an evaporator and the indoor heat exchanger (5)
functions as a condenser 1s performed 1n the refrigerant cir-
cuit (2). Meanwhile, in the cooling operation, a vapor-com-
pression reifrigeration cycle in which the underground heat
exchangers (10) function as a condenser and the indoor heat
exchanger (5) functions as an evaporator 1s performed 1n the
refrigerant circuit (2).

[0053] (Configuration of Underground Heat Exchanger)

[0054] The configuration of the underground heat
exchanger (10) will be described 1n detail below with refer-
ence to FIGS. 2A-2B. FIG. 2A 1s a transverse cross-section
showing a schematic configuration of the underground heat
exchanger (10), and FIG. 2B 1s a longitudinal cross-section
showing a schematic configuration of the underground heat
exchanger (10)

[0055] As described above, the underground heat
exchanger (10) includes the outer pipe (11), the heat-transter
pipe (12) that 1s contained 1n the outer pipe (11), and the heat
medium (13) that 1s sealed 1n the outer pipe (11).

[0056] The outer pipe (11) 1s a metal cylindrical member
whose both ends are closed by metal plate members, and a
space (S) 1s formed 1nside the outer pipe (11). The outer pipe
(11) has a sealed structure capable of sealing in the space (S)
a predetermined amount of carbon dioxide (CO,) as the heat
medium (13). The heat-transter pipe (12) in which the refrig-
crant flows 1s contained 1n the space (S) of the outer pipe (11).
This heat-transier pipe (12) extends through the plate mem-
ber that forms one end face (the end face located on the
ground surface side) of the outer pipe (11), and 1s connected
to a refrigerant pipe of the refrigerant circuit (2). The outer
pipe (11) 1s longitudinally buried under the ground so that the
axial direction of the cylindrical outer pipe (11) substantially
matches the vertical direction. Note that although 1t 1s 1deal to
bury the outer pipe (11) substantially 1n the vertical direction
under the ground, a certain amount of tilting of the outer pipe

(11) 1s allowed.

[0057] For example, FIG. 3 1s a diagram schematically
showing a state in which the underground heat exchanger (10)
1s 1nstalled under the ground. Only one underground heat
exchanger (10) 1s shown 1n the figure for convenience of
description. Geological layers include alayer mainly contain-
ing only dirt, a layer containing dirt and water, a layer mainly
containing water, a rock layer 1n which rocks are successively
distributed, etc. The underground heat exchanger (10) may be
installed in any ofthe geological layers. F1G. 3 shows the state
in which the underground heat exchanger (10) 1s installed so
as to cross these layers. However, for example, the under-
ground heat exchanger (10) may be installed so as to perform
heat exchange only 1n any of the geographical layers. Note
that “HP”” in FIG. 3 represents a main body portion (a portion
other than the underground heat exchanger (10)) of the air
conditioning system (1) (the same applies to the following
description).

[0058] The heat-transfer pipe (12) 1s made of copper, and 1s
formed by a pipe-shaped member 1n which the refrigerant
flows, so as to form a part of a flow path of the refrigerant
circuit (2). In the present embodiment, the heat-transfer pipe
(12) 1s formed so as to extend from the top to the bottom of the
outer pipe (11), and to be bent at the bottom to return to the
top. The heat-transier pipe (12) 1s contained 1n the outer pipe
(11) so that both ends of the heat-transier pipe (12) extend
through the plate member that forms the one end face of the
outer pipe (11) and protrude to the outside 11 the outer pipe
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(11). Specifically, the heat-transfer pipe (12) includes a first
connection portion (12a) having 1ts one end connecting to the
expansion valve (6), a main body portion (12¢) connected to
the other end of the first connection portion (12a), and a
second connection portion (125) having 1ts one end con-
nected to the main body portion (12¢) and the other end
connecting to the third port (P3) of the four-way valve (4).
These connection portions (12a, 12b) are provided so as to
extend through the plate member that forms the one end face
(the end face located on the ground surface side) of the outer
pipe (11), whereas the main body portion (12¢) 1s placed so as
to extend along the mner surface of the outer pipe (11).

[0059] The main body portion (12¢) 1s formed by a linear
first main body portion (124) connected to the other end of the
first connection portion (12a) and extending to the bottom of
the outer pipe (11), and a helical second main body portion
(12¢) connected to the first main body portion (124) and
extending to the top of the outer pipe (11). Forming the
second main body portion (12¢) in a helical shape can
increase the surface area of a portion where the refrigerant
flowing in the second main body portion (12¢) exchanges heat
with carbon dioxide (13) sealed in the outer pipe (11),
whereby heat exchange can be efficiently performed between
the refrigerant and the heat medium (13) (carbon dioxide).

[0060] As shown in FIG. 4, the second main body portion
(12¢) 1s formed by a flat pipe. In this example, a cross section
of the second main body portion (12¢), perpendicular to a
flow path direction, has an aspect ratio of 1:3 to 1:2 (FIG. 4
shows an example 1n which the aspect ratio 1s 1:3). The
second main body portion (12¢) 1s placed so that 1ts flat side
(1.e., one of longitudinal and lateral sides which has a larger
dimension) contacts the inner peripheral surface of the outer
pipe (11). This second main body portion (12¢) 1s an example
of a flat body of the present invention.

[0061] Since the second main body portion (12¢) thus con-
tacts the mner peripheral surface of the outer pipe (11), the
carbon dioxide (13) condensed on the outer peripheral sur-
face of the second main body portion (12¢) or the inner
peripheral surface of the outer pipe (11) can move to the inner
peripheral surface of the outer pipe (11) or the outer periph-
eral surface of the second main body portion (12¢), and the
carbon dioxide (13) can evaporate on these surfaces, as
described below. The first main body portion (124) 1s placed
inside the helical second main body portion (12¢) so as to
contact the second main body portion (12¢).

[0062] That1is, as shown in FIG. 5, in the heating operation
of the air conditioning system (1), a low-pressure refrigerant
having a saturation temperature lower than the temperature of
the soi1l under the ground flows 1n the heat-transter pipe (12)
of the underground heat exchanger (10). Thus, the carbon
dioxide (13) in the outer pipe (11) having a saturation tem-
perature lower than the temperature of the soil and higher than
the temperature of the low-pressure refrigerant 1s condensed
on the outer surface of the heat-transter pipe (12). At this time,
the refrigerant flowing 1n the second main body portion (12¢)
of the heat-transier pipe (12) 1s evaporated by condensation
heat of the carbon dioxide (13), and is sucked through the
suction port of the compressor (3).

[0063] As described above, since the second main body
portion (12¢) 1s 1n contact with the mner peripheral surface of
the outer pipe (11), the condensed carbon dioxide (13) moves
from the outer peripheral surface of the second main body
portion (12¢) to the inner peripheral surface of the outer pipe
(11), and 1s evaporated (vaporized) on the mnner peripheral
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surface by heat of the soil under the ground. The carbon
dioxide (13) thus vaporized 1s recondensed when cooled by
the second main body portion (12¢) of the heat-transfer pipe
(12).

[0064] On the otherhand, as shown 1n FIG. 6, in the cooling
operation of the air conditioning system (1), a high-pressure
reirigerant having a saturation temperature higher than the
temperature of the soil under the ground flows 1n the heat-
transier pipe (12) of the underground heat exchanger (10).
Since the carbon dioxide (13) in the outer pipe (11) has a
saturation temperature higher than the temperature of the soil
and lower than the temperature of the high-pressure refriger-
ant, the carbon dioxide (13) 1s vaporized on the outer surface
ol the heat-transter pipe (12), and 1s condensed on the 1inner
peripheral surface of the outer pipe (11).

[0065] That 1s, as described above, since the second main
body portion (12¢) 1s 1n contact with the mnner peripheral
surface of the outer pipe (11), the carbon dioxide (13) con-
densed on the inner peripheral surface of the outer pipe (11)
moves to the outer peripheral surface of the second main body
portion (12¢), and 1s vaporized on the outer peripheral surface
by heat of the refrigerant. The carbon dioxide (13) thus vapor-
ized 1s recondensed when cooled by the inner peripheral
surface of the outer pipe (11). When the carbon dioxide (13)
1s vaporized on the outer surface of the second main body
portion (12¢) of the heat-transter pipe (12), the refrigerant
flowing in the second main body portion (12¢) 1s condensed
as the heat 1s removed by evaporation of the carbon dioxide
(13), and flows 1nto the expansion valve (6).

[0066] In the underground heat exchanger (10), the second
main body portion (12¢) of the heat-transter pipe (12) 1s
formed 1n a flat shape as described above. Thus, the carbon
dioxide (13) condensed on the outer peripheral surface of the
second main body portion (12¢) 1s less likely to scatter or fall
during the heating operation. That 1s, the carbon dioxide (13)
(the heat medium) can efliciently obtain heat from the refrig-
crant inside the heat-transter pipe (12) on the second main
body portion (12¢).

[0067] Forming the second main body portion (12¢) in the
flat shape can also reduce the size of a refrigerant accumulat-
ing portion that 1s formed between the second main body
portion (12¢) and the inner peripheral surface of the outer pipe
(11). Thus, 1n the cooling operation, the carbon dioxide (13)
condensed on the mner peripheral surface of the outer pipe
(11) can be effectively guided to the second main body por-
tion (12e).

[0068] Forming the heat-transfer pipe (12) in the helical
shape can further increase the surface area of the heat-transter
pipe (12)1n the outer pipe (11). Forming the heat transter pipe
(12) 1n the helical shape also enables the carbon dioxide (the
heat medium) to be reliably 1n contact with the heat-transter
pipe (12) even 1 the angle of the underground heat exchanger
(10) with respect to the ground surface 1s shifted from 90
degrees. Efficient heat exchange can be implemented 1n these
respects as well.

[0069] Moreover, 1n the present embodiment, the heat-
transter pipe (12) 1s formed so as extend from the top of the
outer pipe (11), and to be bent at the bottom of the outer pipe
(11) to return to the top. Thus, the heat medium (13) can be
ciliciently circulated 1n the entire length of the outer pipe (11)
in the longitudinal direction by the single heat-transier pipe
(12) 1n the heating and cooling operations.

[0070] In the present embodiment, as shown 1n FIG. 4, a
plurality of grooves (11a) extending horizontally 1n a circum-
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ferential direction of the outer pipe (11) are formed in the
inner peripheral surface of the outer pipe (11) so as to be
arranged 1n the longitudinal direction.

[0071] A plurality of grooves (12f) are also formed 1n the
outer peripheral surface of the second main body portion
(12¢). As shown 1n FIG. 4, each groove (12f) of the second
main body portion (12¢) 1s formed so as to extend in the
circumierential direction of the second main body portion
(12¢), and to extend 1n the longitudinal direction of the outer
pipe (11) 1n the state 1n which the heat-transfer pipe (12) 1s
inserted 1n the outer pipe (11). Since the outer pipe (11) 1s
buried under the ground so that the longitudinal direction of
the outer pipe (11) matches the vertical direction, the grooves
(12/) of the second main body (12¢) also extend 1n the vertical
direction. That 1s, these grooves (12f) extend 1n the direction
of gravity in the state in which the underground heat
exchanger (10) 1s 1nstalled.

[0072] Providing the grooves (12f) in the second main body
portion (12¢) in this manner enables the carbon dioxide (13)
condensed on the outer peripheral surface of the second main
body portion (12¢) to be guided to the inner peripheral surtace
of the outer pipe (11) by the surface tension and the pressure
difference 1n a liquid film 1n the grooves (12f) 1n the heating
operation. Providing the grooves (12f) in the second main
body portion (12¢) also enables the carbon dioxide (13) con-
densed on the mnner peripheral surface ofthe outer pipe (11) to
be more effectively guided to the outer peripheral surface of
the second main body portion (12¢) by the grooves (12/) in the
cooling operation. Moreover, the condensed carbon dioxide
(13) can be spread in the circumierential direction (the hori-
zontal direction) by the grooves (11a) in the inner peripheral
surface of the outer pipe (11) (see FIGS. 5-6), whereby heat
exchange can be efficiently performed between the refriger-
ant and soil and the carbon dioxide (13).

[0073] Note that in the present embodiment, the grooves
(11a) formed 1n the inner peripheral surface of the outer pipe
(11) need not necessarily extend 1n the horizontal direction,
but may be, e.g., tilted.

[0074] Displacement of the direction of the grooves (12f) of
the heat-transter pipe (12) from the direction of gravity can
also be allowed. Although it 1s 1deal for the grooves (12f) of
the heat transter pipe (12) to extend 1n the direction of gravity,
the grooves (12f) may extend in any direction as long as they
can guide the condensed heat medium to the lower side of the
underground heat exchanger (10) in the state 1n which the heat
exchanger (10) 1s 1nstalled.

[0075] [Operation]

[0076] Operation of the air conditioning system (1) having

the above configuration will be described below with refer-
ence to FIGS. 1, 5, and 6.

[0077] (Heating Operation)

[0078] AsshowninFIG. 1, when starting the heating opera-
tion, the four-way valve (4) 1s first switched to the first state.
When the compressor (3) comes mto operation, the com-
pressed high-pressure refrigerant (gaseous refrigerant) 1s dis-
charged through the discharge port of the compressor (3), and
flows 1nto the indoor heat exchanger (5) through the four-way
valve (4). In the indoor heat exchanger (5), the high-pressure
refrigerant 1s condensed as 1t dissipates heat into the room arr.
The room air 1s heated by the condensation heat, whereby the
room 1s heated. The refrigerant condensed 1n the indoor heat
exchanger (5) flows out of the indoor heat exchanger (5), 1s
reduced in pressure by the expansion valve (6), and 1s 1ntro-
duced into the underground heat exchangers (10) (shown by
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solid arrow 1n FIG. 1). Note that in the expansion valve (6),
the refrigerant 1s reduced 1n pressure so as to have a saturation
temperature lower than the temperature of the soil under the
ground.

[0079] Thelow-pressure refrigerant flowing into the under-
ground heat exchangers (10) evaporates as 1t absorbs heat
under the ground via the carbon dioxide (13) 1n the outer pipe
(11). The evaporated refrigerant tlows out of the underground
heat exchangers (10), and 1s sucked again 1nto the compressor
(3) through the four-way valve (4). Then, the refrigerant 1s
compressed to a predetermined pressure and discharged.
[0080] In this manner, the refrigerant circulates in the
refrigerant circuit (2), and a vapor-compression refrigeration
cycle 1s performed, whereby the room 1s heated.

[0081] A change in state of the refrigerant and the carbon
dioxide (13) 1n the underground heat exchanger (10) will be
described below.

[0082] As described above, when the low-pressure refrig-
crant having a saturation temperature lower than the tempera-
ture of the soil under the ground flows into the main body
portion (12¢) of the heat-transter pipe (12) 1n the underground
heat exchanger (10), the carbon dioxide (13) sealed 1n the
outer pipe (11) of the underground heat exchanger (10) and
having a saturation temperature higher than the temperature
of the refrigerant 1s condensed on the main body portion (12¢)
of the heat-transter pipe (12), as shown 1n FIG. 5. The refrig-
crant 1n the heat-transfer pipe (12) 1s evaporated by the con-
densation heat of the carbon dioxide (13), flows out of the
underground heat exchanger (10), and then 1s sucked into the
compressor (3).

[0083] Meanwhile, 1n the outer pipe (11) of the under-
ground heat exchanger (10), the condensed carbon dioxide
(13) moves along the outer peripheral surface of the helical
second main body portion (12¢) of the heat-transter pipe (12)
in the horizontal direction to the mner peripheral surface of
the outer pipe (11) that 1s in contact with the second main
body portion (12¢). The carbon dioxide (13) 1s vaporized on
the mnner peripheral surface of the outer pipe (11) by the heat
of the soi1l under the ground, and the vaporized carbon dioxide
(13) 1s recondensed by the refrigerant flowing 1n the second
main body portion (12¢) of the heat-transier pipe (12).

[0084] (Cooling Operation)

[0085] When starting the cooling operation, the four-way
valve (4) 1s first switched to the second state. When the
compressor (3) comes 1nto operation, the compressed high-
pressure relfrigerant 1s discharged through the discharge port
of the compressor (3), and flows into the underground heat
exchangers (10) through the four-way valve (4) (shown by
broken arrow 1n FIG. 1). The high-pressure refrigerant flow-
ing into the underground heat exchangers (10) 1s condensed
as 1t dissipates heat into the soil under the ground via the
carbon dioxide (13) in the outer pipe (11). The condensed
refrigerant tlows out of the underground heat exchangers
(10), 1s reduced 1n pressure by the expansion valve (6), and 1s
introduced into the indoor heat exchanger (5). Note that in the
expansion valve (6), the refrigerant 1s reduced 1n pressure so
as to have a saturation temperature lower than the indoor
temperature.

[0086] The low-pressure refrigerant flowing into the indoor
heat exchanger (5) evaporates as it absorbs heat of the room
air. The evaporated refrigerant flows out of the indoor heat
exchanger (35), and 1s sucked again 1nto the compressor (3)
through the four-way valve (4). Then, the refrigerant 1s com-
pressed to a predetermined pressure and discharged.
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[0087] In this manner, the refrigerant circulates in the
refrigerant circuit (2), and a vapor-compression refrigeration
cycle 1s performed, whereby the room 1s cooled.

[0088] A change in state of the refrigerant and the carbon
dioxide (13) 1n the underground heat exchanger (10) will be
described below.

[0089] As shown i FIG. 6, in the cooling operation
described above, the carbon dioxide (13), which 1s sealed 1n
the outer pipe (11) of the underground heat exchanger (10)
and has a saturation temperature lower than the temperature
of the refrigerant and higher than the temperature of the soil
under the ground, 1s condensed on the mnner peripheral sur-
face of the outer pipe (11) by geothermal heat. The condensed
carbon dioxide (13) moves along the imnner peripheral surface
of the outer pipe (11) 1n the horizontal direction to the outer
peripheral surface of the second main body portion (12¢) of
the heat-transier pipe (12), which 1s 1n contact with the inner
peripheral surface of the outer pipe (11). Since the high-
pressure refrigerant having a temperature higher than the
saturation temperature of the carbon dioxide (13) flows 1n the
heat-transier pipe (12), the carbon dioxide (13) 1s vaporized
on the outer peripheral surface of the second main body
portion (12¢) of the heat-transfer pipe (12). At this time, the
refrigerant 1n the heat-transter pipe (12) 1s condensed as the
heat of the refrigerant 1s removed by the carbon dioxide (13),
and the condensed refrigerant flows out of the underground
heat exchanger (10) into the expansion valve (6).

[0090] Meanwhile, the carbon dioxide (13) evaporated on
the outer peripheral surface of the second main body portion
(12¢) of the heat-transfer pipe (12) 1s recondensed on the
inner peripheral surface of the outer pipe (11).

Advantages of Embodiment

[0091] As described above, in the underground heat
exchanger (10) of the present embodiment, the second main
body portion (12¢) of the heat-transier pipe (12) has a flat
shape. Thus, the carbon dioxide (13) condensed on the outer
peripheral surface of the second main body portion (12¢) 1s
less likely to scatter or fall 1n the heating operation. Forming
the second main body portion (12¢) in the flat shape can also
reduce the size of the relrigerant accumulating portion
formed between the second main body portion (12¢) and the
inner peripheral surface of the outer pipe (11). Thus, 1n the
cooling operation, the carbon dioxide (13) condensed on the
inner peripheral surface of the outer pipe (11) can be etiec-
tively guided to the second main body portion (12¢). More-
over, since the second connection portion (126) 1s formed 1n
a tlat shape, a larger contact area with the outer pipe (11) can
be ensured, whereby direct heat transfer efficiency 1s further
increased. Since the heat-transter pipe (12) 1s formed 1n a
helical shape, the surface area of the heat-transter pipe (12) in
the outer pipe (11) can further be increased. Forming the
heat-transter pipe (12) 1in the helical shape enables the carbon
dioxide (the heat medium) to reliably contact the heat-trans-
fer pipe (12) even if the angle of the underground heat
exchanger (10) with respect to the ground surtace 1s shitted
from 90 degrees. Efficient heat exchange can be implemented
in these respects as well.

[0092] In the present embodiment, heat exchange eifi-
ciency can further be improved by the grooves (11a, 12f)
provided 1n the heat-transter pipe (12) and the outer pipe (11)
as described above.

[0093] As described above, according to the present
embodiment, the heat exchange fluid can efficiently exchange
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heat with the soil under the ground, in the underground heat
exchanger in which the heat-transfer pipe having the heat
exchange fluid flowing therein 1s inserted 1nto the outer pipe,
and the heat medium i1s sealed in the outer pipe. Such
increased heat exchange efliciency can reduce the size and the
manufacturing cost of the underground heat exchanger, and
can simplily the on-site construction work.

Modification of First Embodiment

[0094] The first embodiment may be configured as
described below.

[0095] In the above embodiment, only the second main
body portion (12¢) of the heat-transter pipe (12) 1s formed in
the helical shape, and the grooves (12f) are formed in the outer
surface of the second main body portion (12¢). However, the
present invention 1s not limited to this, and the first main body
portion (124) may also be formed in a helical shape, and
grooves may be formed 1n the outer peripheral surface of the
first main body portion (124). Note that in this case, the first
main body portion (124) having the helical shape 1s also
placed so as to contact the inner peripheral surface of the outer
pipe (11). Alternatively, a part of the first main body portion
(12d) and a part of the second main body portion (12¢) may be
formed 1n a helical shape.

[0096] The heat-transter pipe (12) other than the part hav-
ing the helical shape may contact the inner peripheral surface
of the outer pipe (11), and grooves may be formed 1n the outer
peripheral surface of the heat-transier pipe (12) that contacts
the inner peripheral surface of the outer pipe (11).

[0097] In the present embodiment, the second main body
portion (12¢) of the heat-transter pipe (12) 1s formed in the
helical shape. However, the present invention 1s not limited to
this, and the second main body portion (12¢) may have any
shape as long as pressure loss between the inlet and outlet
sides of the heat-transier pipe (12) does not affect the heat
exchange efficiency.

[0098] In the above embodiment, the underground heat
exchange (10) 1s formed by containing the single heat-trans-
ter pipe (12) i the single outer pipe (11). However, the
present invention 1s not limited to this. The outer pipe may be
divided 1nto a plurality of parts 1n the longitudinal direction,
the heat-transier pipe may be divided into a plurality of parts
accordingly, and the plurality of parts ol the outer pipe and the
plurality of parts of the heat-transier pipe may be combined.
Although the plurality of underground heat exchangers (10)
are connected 1n parallel in the above embodiment, the
present mnvention 1s not limited to this, and some or all of the
plurality of underground heat exchangers (10) may be con-
nected 1n series.

[0099] In the present embodiment, the heat-transier pipe
(12) that 1s 1inserted 1n the outer pipe (11) 1s made of copper.
However, the present invention 1s not limited to this, and the
heat-transter pipe (12) may be made of any material having,
high thermal conductivity and high corrosion resistance, such
as aluminum, an aluminum alloy, 1ron, a composite material,
etc.

[0100] The above embodiment 1s configured to use the
tour-way valve (4) to switch the direction in which the refrig-
erant tlows 1n the refrigerant circuit (2) 1in the air conditioning
system (1). However, the present invention 1s not limited to
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this, and the present invention may have any configuration
capable of switching the direction in which the refrigerant
flows.

Second Embodiment

[0101] Another configuration example of the underground
heat exchanger will be described 1n a second embodiment.
[0102] (Overall Configuration of Air Conditioning System)
[0103] FIG. 7 1s a system diagram of an air conditioning
system (20) imncluding an underground heat exchanger (50)
according to the second embodiment of the present invention.
As shown 1n the figure, the air conditioning system (20)
includes a refrigerant circuit (22).

[0104] The refrigerant circuit (22) includes a compressor
(3), an indoor heat exchanger (5), an expansion valve (6), an
underground heat exchanger (50), a four-way valve (4), a first
switch valve (72), and a second switch valve (73). This refrig-
erant circuit (22) 1s filled with a refrigerant (heat exchange
fluid). Of these components, the compressor (3), the indoor
heat exchanger (5), the expansion valve (6), and the four-way
valve (4) have similar configurations to the first embodiment.
In the refrigerant circuit (22), one end of the indoor heat
exchanger (5) 1s connected to the expansion valve (6), and the
other end thereof 1s connected to a first port (P1) (described
later) of the four-way valve (4). One end of the expansion
valve (6) 1s connected to the first switch valve (72), and the
other end thereot 1s connected to the indoor heat exchanger
(5). A second port (P2) of the four-way valve (4) 1s connected
to a discharge port of the compressor (3), and a fourth port
(P4) thereof 1s connected to a suction port of the compressor
(3). A third port (P3) thereot 1s connected to the second switch

valve (73).

[0105] (Configuration of Underground Heat Exchanger
(30))

[0106] The configuration of the underground heat

exchanger (50) will be described 1 detail below. The under-
ground heat exchanger (50) 1s buried under the ground, and
performs heat exchange with so1l during cooling and heating
operations. Specifically, the underground heat exchanger (50)
functions as a condenser 1n the cooling operation to dissipate
heat to the so1l, and functions as an evaporator 1n the heating
operation to absorb heat from the soil. FIG. 8 1s a longitudinal
cross-section showing the underground heat exchanger (50)
of the present embodiment. As shown 1n FIG. 8, the under-
ground heat exchanger (50) includes an outer pipe (31), a
cooling heat-transier pipe (52), and a heating heat-transfer
pipe (80). The outer pipe (51) has a configuration similar to
the first embodiment, and a heat medium (13) 1s sealed in the
outer pipe (31).

[0107] Cooling Heat-Transier Pipe (52)

[0108] The cooling heat-transter pipe (52) 1s inserted in the
outer pipe (51), and 1s placed below the heating heat-transfer
pipe (80). In the cooling operation, a refrigerant 1s introduced
into the cooling heat-transier pipe (52), and heat 1s dissipated
from the refrigerant.

[0109] The cooling heat-transier pipe (52) of the present
embodiment 1s formed 1n a pipe shape. Specifically, as shown
in F1G. 8, the cooling heat-transier pipe (52) 1s formed by an
inlet portion (52a), an outlet portion (525), an inlet-side main
body portion (52¢), an outlet-side main body portion (52d),
and a connection portion (52¢). For example, copper, alumi-
num, an aluminum alloy, or other composite material may be
used as a material of the cooling heat-transier pipe (52).
However, the material of the cooling heat-transter pipe (52)



US 2011/0247354 Al

needs to be selected so as to have appropriate thermal con-
ductivity and corrosion resistance according to the conditions
of use.

[0110] Thenlet portion (52a) 1s inserted into the outer pipe
(51) from the upper side of the outer pipe (31) (the ground
surface side 1n the state in which the outer pipe (51) 1s buried),
and one end of the inlet portion (52a) 1s connected to the
second switch valve (73). The other end of the inlet portion
(52a) 1s connected to one end of the inlet-side main body
portion (52¢) 1n anupper part o the outer pipe (51). The outlet
portion (32b) 1s 1nserted into the outer pipe (31) from the
upper side of the outer pipe (51), and one end of the outlet
portion (52b) located outside the outer pipe (51) 1s connected
to the first switch valve (72). The other end of the outlet
portion (325) 1s connected to one end of the outlet-side main
body portion (52d) 1n the upper part of the outer pipe (51).

[0111] Both of the inlet-side main body portion (52¢) and
the outlet-side main body portion (52d) extend from the upper
part to the bottom (the lower end) of the outer pipe (51) along,
the inner wall surface of the outer pipe (51). The connection
portion (52¢) extend on the bottom of the outer pipe (31) so as
to radially cross the bottom of the outer pipe (51), and con-
nects one end of the mlet-side main body portion (32¢) with
one end of the outlet-side main body portion (52d) at the
bottom of the outer pipe (31). That 1s, 1n the refrigerant circuit
(22), one end of the cooling heat-transier pipe (52) 1s con-
nected to the first switch valve (72), and the other end thereof
1s connected to the second switch valve (73).

[0112] Inthe present embodiment, the outer wall surface of
the inlet-side main body portion (52¢) and the mnner wall
surface of the outer pipe (51) form a heat medium holding
portion (60) that holds a liquid heat medium by surface ten-
sion. Similarly, the outer wall surface of the outlet-side main
body portion (524) and the inner wall surface of the outer pipe
(51) also form a heat medium holding section (60). Specifi-
cally, each main body portion (52¢, 52d) 1s placed so that the
outer wall surface of the main body portion (52¢, 52d) con-
tacts the inner wall surface of the outer pipe (51). As shown in
FIGS. 9A-9B, the liquid heat medium adhering to the inner
wall surface of the outer pipe (51) 1s held between these wall
surfaces (e.g., between the outer wall surface of the inlet-side
main body portion (52¢) and the inner wall surface of the
outer pipe (51)) by the surface tension. The outer wall surface
of each main body portion (52¢, 52d) does not necessarily
contact the inner wall surface of the outer pipe (51) as long as
the liquid heat medium can be held by the surface tension as
described above. However, 1n the present embodiment, each
main body portion (52¢, 52d) 1s placed so that the outer wall
surface thereof contacts the inner wall surface of the outer
pipe (51).

[0113] Sinceeachmain body portion (52¢,52d)1s placed so
that the outer wall surface thereof contacts the inner wall
surface of the outer pipe (51) as described above, each main
body portion (32¢, 52d) can directly exchange heat with the
outer pipe (31). That 1s, such direct heat exchange further
improves heat exchange capability of the underground heat
exchanger (50). Note that 1n the cooling heat-transier pipe
(52), heat exchange 1s performed by the two main body por-
tions (32¢, 52d). However, the number of main body portions
(52c¢, 52d) 1s shown by way of example only, and the present
invention 1s not limited to this example. For example, three or
more main body portions may be provided.

[0114] There may be a predetermined gap between each
main body portion (52¢, 52d) and the inner wall surface of the
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outer pipe (51). The heat medium holding portion (60) need
not necessarily be provided as long as each main body portion
(52c¢, 52d) can be moistened with the liquid heat medium.
[0115] Heating Heat-Transter Pipe (80)

[0116] The heating heat-transier pipe (80) 1s 1nserted nto
the outer pipe (51). In the heating operation, a refrigerant 1s
introduced 1nto the heating heat-transier pipe (80), and the
heating heat-transier pipe (80) evaporates the refrigerant. In
this example, the heating heat-transter pipe (80) 1s formed by
an 1nlet portion (80a), a main body portion (80b), and an
outlet portion (80c¢). For example, copper, aluminum, an alu-
minum alloy, or other composite material can be used as a
material of the heating heat-transier pipe (80). However, the
material of the heating heat-transter pipe (80) needs to be
selected so as to have appropriate thermal conductivity and
corrosion resistance according to the conditions of use.

[0117] In the heating operation, the refrigerant 1s intro-
duced 1nto the main body portion (80), and the main body
portion (805) absorbs heat from the heat medium to evaporate
the refrigerant introduced therein. In the present embodiment,
the main body portion (805) 1s formed 1n a helical shape, and
1s placed 1n an upper part of the outer pipe (51) so as to
surround the inlet portion (52a) and the outlet portion (5256) of
the cooling heat-transier pipe (52). That 1s, the main body
portion (80b) 1s placed above the cooling heat-transier pipe
(52)1n the state in which the outer pipe (51) 1s buried. Like the
second main body portion (12@) of the first embodiment, the
main body portion (805) 1s formed by a flat pipe. In this
example, a cross section of the main body portion (805) has an
aspect ratio of 1:3 to 1:2. A flat side (one of longitudinal and
lateral sides which has a larger dimension) of the main body
portion (805) contacts the inner peripheral surface of the outer
pipe (51). This main body portion (805) 1s an example of the
flat body of the present invention.

[0118] Likethe grooves (12f) of the heat-transter pipe (12),
a plurality of grooves (not shown) are also formed 1n the outer
peripheral surface of the main body portion (805). The
grooves of the main body portion (805) are formed so as to
extend 1n the circumierential direction of the main body por-
tion (805), and to extend 1n the longitudinal direction of the
outer pipe (51) 1n the state 1n which the heating heat-transfer
pipe (80)1s inserted in the outer pipe (51). Since the outer pipe
(51) 1s buried under the ground so that the longitudinal direc-
tion thereol matches the vertical direction, the grooves of the
main body portions (805) also extend 1n the vertical direction,
that 1s, the direction of gravity in the state in which the
underground heat exchanger (350) 1s mstalled.

[0119] The inlet portion (80a) 1s a pipe for introducing the
refrigerant into the main body portion (8056), and the outlet
portion (80c¢) 1s a pipe for discharging the refrigerant from the
main body portion (805). In the present embodiment, both of
the mlet portion (80a) and the outlet portion (80¢) are formed
in a linear shape, and are 1inserted into the outer pipe (51) from
the upper side of the outer pipe (51).

[0120] First and Second Switch Valves (72, 73)

[0121] The first and second switch valves (72, 73) are
valves that switch the flow of the refrigerant according to
whether the heating operation or the cooling operation is to be
performed. The first and second switch valves (72, 73) are an
example of a switching portion of the present invention. Inthe
present embodiment, the first switch valve (72) connects the
expansion valve (6) to the outlet portion (525) of the cooling
heat-transter pipe (52) or the inlet portion (80a) of the heating,
heat-transter pipe (80). The second switch valve (73) con-
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nects the third port (P3) of the four-way valve (4) to the inlet
portion (32a) of the cooling heat-transier pipe (52) or the
outlet portion (80c¢) of the heating heat-transter pipe (80).
[0122] [Operation]

[0123] Operation in the air conditioning system (20) will be
described below.

[0124] (Heating Operation)

[0125] First, the heating operation of the air conditioning
system (20) will be described. In the heating operation, the
four-way valve (4) 1s switched to the first state. That 1s, the
first port (P1) communicates with the second port (P2),
whereas the third port (P3 ) communicates with the fourth port
(P4) (the state shown by solid line in FIG. 7). The first switch
valve (72) 1s switched so that the expansion valve (6) 1s
connected to the nlet portion (80a) of the heating heat-trans-
ter pipe (80). The second switch valve (73) 1s switched so that
the outlet portion (80c¢) of the heating heat-transier pipe (80)
1s connected to the third port (P3) of the four-way valve (4).

[0126] When the compressor (3) comes into operation, the
compressor (3) discharges the compressed refrigerant (gas-
cous refrigerant) through the discharge port. The refrigerant
thus discharged from the compressor (3) 1s sent to the indoor
heat exchanger (5) through the four-way valve (4). The refrig-
crant flowing into the indoor heat exchanger (5) dissipates
heat into room air 1n the indoor heat exchanger (5). The room
air 1s heated 1n the indoor heat exchanger (35), and the heated
room air 1s returned into the room by an indoor fan (7).

[0127] The refrigerant that has dissipated the heat in the
indoor heat exchanger (5) 1s sent to the expansion valve (6).
The expansion valve (6) reduces the pressure of the refriger-
ant flowing therein. The refrigerant thus reduced 1n pressure 1s
introduced into the inlet portion (80a) through the first switch
valve (72), and 1s further mtroduced into the main body por-
tion (805).

[0128] The mner peripheral wall of the outer pipe (51)
mitially has a temperature equal to the earth temperature.
After a predetermined time has elapsed since this point, a
temperature gradient proportional to the amount of heat dis-
sipated to the heating heat-transier pipe (80) through the heat
medium 1s generated due to high heat transier resistance of
so1l, whereby the temperature of the soil 1s decreased. Heat
transport 1s controlled so that heat 1s transterred within a
range 1n which the temperature gradient between the inner
wall surface of the outer pipe (51) and the heating heat-
transier pipe (80) 1s maintained, and in which a temperature
distribution under the ground 1s kept constant. Thus, a part of
the heat medium 1s evaporated 1into gas by absorbing heat
from the soil through the mner wall surface of the outer pipe
(51). Heat 1s absorbed from this gaseous heat medium by the
main body portion (805) of the heating heat-transfer pipe
(80), whereby the gaseous heat medium 1s condensed to lig-
uid. In the present embodiment, since the main body portion
(80b) of the heating heat-transier pipe (80) 1s placed 1n the
upper part of the outer pipe (51), the liquid heat medium tlows
downward along the inner peripheral surface of the outer pipe
(51). While flowing along the inner peripheral surface of the
underground heat exchanger (50), the heat medium 1s evapo-
rated again by absorbing heat from the soil through the inner
wall surface.

[0129] Meanwhile, the refrigerant introduced 1into the main
body portion (80b) 1s evaporated into gas as the main body
portion (80b) absorbs heat from the heat medium. This gas-
cous refrigerant 1s discharged from the outlet portion (80¢) of
the heating heat-transier pipe (80), and 1s mntroduced 1nto the
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suction port of the compressor (3) through the second switch
valve (73) and the four-way valve (4). The compressor (3)
sucks and compresses the refrigerant, and discharges the
compressed refrigerant mto the mdoor heat exchanger (5)
through the four-way valve (4). As described above, 1n the
underground heat exchanger (350), the heating heat-transier
pipe (80) performs heat exchange with the soi1l by using a
change 1n phase of the heat medium.

[0130] Theair conditioning system (1) repeatedly performs
the above process to perform a refrigeration cycle (in this
example, the heating operation) of compressing the refriger-
ant 1n the compressor (3) by using the underground heat
exchanger (50) as an evaporator.

[0131] (Cooling Operation)

[0132] The cooling operation will be described below. In
the cooling operation, the four-way valve (4) 1s switched to
the second state. That 1s, the second port (P2) communicates
with the third port (P3), whereas the first port (P1) commu-
nicates with the fourth port (P4) (the state shown by broken
line 1n FIG. 7). The first switch valve (72) 1s switched so that
the expansion valve (6) 1s connected to the outlet portion
(52b) of the cooling heat-transfer pipe (52). The second
switch valve (73) 1s switched so that the inlet portion (32a) of
the cooling heat-transier pipe (52) 1s connected to the third
port (P3) of the four-way valve (4).

[0133] When the compressor (3) comes 1nto operation, the
compressor (3) discharges the compressed refrigerant (gas-
cous refrigerant) through the discharge port. The refrigerant
thus discharged from the compressor (3) 1s sent to the inlet
portion (52a) of the underground heat exchanger (50), and 1s
turther introduced 1nto the main body portions (52¢, 52d).

[0134] At this time, the inner wall surface of the outer pipe
(51)1nitially has a temperature equal to the earth temperature.
After a predetermined time has elapsed since this point, the
temperature increases in the main body sections (52¢, 52d)
due to high heat transfer resistance of soil. The amount of heat
to be transferred between the outer pipe (51) and the soil 1s
limited by the heat transfer resistance of the soil. Thus, the
flow rate of the refrigerant 1s typically controlled so that heat
1s transferred within a range 1n which a temperature gradient
between the inner wall surface of the outer pipe (51) and each
main body portion (52¢, 52d) 1s maintained, and in which a
temperature distribution under the ground 1s kept constant.

[0135] Meanwhile, a part of the heat medium dissipates
heat to the soil through the inner wall surface of the outer pipe
(51), whereby the part of the heat medium 1s condensed 1nto
liquid. This serves to avoid concentration of the heat transfer
in those portions where the inner wall surface of the outer pipe
(51) contacts each main body portlon (52¢, 52d), and to
disperse heat dissipation over the entire inner wall surface of
the outer pipe (51). This liquid heat medium gradually tlows
downward along the inner wall surface of the outer pipe (51).
As shown 1n FIGS. 9A-9B, the liquid heat medium i1s then
attracted to the heat medium holding portion (60) formed
between the 1nner wall surface of the outer pipe (51) and the
outer wall surface of each main body portion (52¢, 52d), by
surface tension generated by the heat medium holding portion
(60). That 1s, since each main body portion (32¢, 52d) extends
from the upper part of the outer pipe (51) to the bottom (the
lower end) thereof, the liquid heat medium can be more
eificiently brought into contact with each main body portion
(52c¢, 52d).

[0136] Since the heat medium condensed 1n the outer pipe
(51) 1s thus attracted to the outer wall surface of each main
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body portion (52¢, 52d) by the heat medium holding portion
(60), the outer wall surface of each main body portion (52c¢,
52d) 1s uniformly moistened with the liquid heat medium.
The heat medium on the outer wall surface of each main body
portion (52c¢, 52d) 1s evaporated by absorbing heat from the
main body portion (352¢, 52d). The heat medium thus evapo-
rated 1s diffused into the outer pipe (51). The diffused heat
medium 1s recondensed by dissipating heat to the soil through
the inner wall surface of the outer pipe (51).

[0137] Meanwhile, each main body portion (52¢, 52d) dis-
sipates heat to the heat medium contacting the main body
portion (52¢, 52d). Each main body portion (52¢, 52d) further
dissipates heat to the soil through the imnner wall surface of the
outer pipe (51) contacting the main body portion (52¢, 52d).
Since each main body portion (52¢, 52d) dissipates heat 1n
this manner, the refrigerant introduced into each main body
portion (32¢, 52d) 1s condensed 1n the main body portion
(52c¢, 52d). The retrigerant thus condensed 1s introduced 1nto
the expansion valve (6) through the outlet portion (525) and
the first switch valve (72). The expansion valve (6) reduces
the pressure of the refrigerant introduced therein, and then
introduces the refrigerant into the indoor heat exchanger (5).
The refrigerant introduced into the indoor heat exchanger (5)
1s evaporated by absorbing heat from room air. Thus, the room
air 1s cooled 1n the indoor heat exchanger (5), and the cooled
room air 1s returned 1nto the room by the indoor fan (7). The
refrigerant evaporated in the imdoor heat exchanger (5) 1s
introduced into the suction port of the compressor (3). The
compressor (3) sucks and compresses this refrigerant to dis-
charge the compressed refrigerant to the inlet portion (52a) of
the underground heat exchanger (50). As described above, in
the underground heat exchanger (50), the coohng heat-trans-
ter pipe (52) exchanges heat with the soil by using a change 1in
phase of the heat medium.

[0138] The air conditioning system (20) repeats the above
process to perform a refrigeration cycle (1in this example, the
cooling operation) of compressing the refrigerant in the com-
pressor (3) by using the underground heat exchanger (50) as
a condenser.

Advantages of Embodiment

[0139] As described above, the heating operation and the
cooling operation can also be performed by the underground
heat exchanger (50) of the embodiment.

[0140] In the underground heat exchanger (50) of the
present embodiment as well, the main body portion (805) of
the heating heat-transier pipe (80) 1s formed 1n a flat shape.
[0141] Thus, like the underground heat exchanger (10) of
the first embodiment, the heat medium (13) (carbon dioxide)
condensed on the outer peripheral surface of the main body
portion (800) 1s less likely to scatter or fall in the heating
operation. Since the heating heat-transter pipe (80) 1s formed
in a helical shape, the surface area of the heat-transfer pipe
(12) 1n the outer pipe (51) can further be increased. Forming
the heat-transier pipe (12) 1n the helical shape also enables the
heat medium (13) (carbon dioxide) to reliably contact the
heat-transfer pipe (12) even if the angle of the underground
heat exchanger (50) with respect to the ground surface 1s
shifted from 90 degrees. Ellicient heat exchange can be
implemented 1n these respects as well.

[0142] In the present embodiment, heat exchange eili-
ciency can further be improved by the grooves provided 1n the
heating heat-transfer pipe (80) and the outer pipe (51) as
described above.
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[0143] Since the heating heat-transfer pipe (80) 1s placed 1n
the upper part of the outer pipe (51) 1n the state in which the
outer pipe (51) 1s buried, suilicient time and area can be
ensured for the heat medium being liquefied and flowing
down, to contact the inner wall of the outer pipe (51). That 1s,
in the present embodiment, efficient heat exchange can be
implemented in the heating operation in this respect as well.

[0144] In the present embodiment, the heat medium con-
densed in the outer pipe (51) 1s attracted to the outer wall
surface of each main body portion (52¢, 52d) of the cooling
heat-transier pipe (52) by the heat medium holding portion
(60). Thus, the outer wall surface of each main body portion
(52¢, 52d) 1s uniformly moistened with the liqud heat
medium. Accordingly, heat exchange is efficiently performed
between the outer wall surface of each main body portion
(52c¢, 52d) and the liquid heat medium, and the refrigerant in
the cooling heat-transier pipe (52) can be efficiently con-
densed. That1s, in the present embodiment, the heat exchange
capability of the underground heat exchanger can be
improved in the cooling operation as well.

[0145] As described above, in the underground heat
exchanger (50) of the embodiment as well, the heat exchange
fluid can efficiently exchange heat with the soi1l under the
ground. Such increased heat exchange efficiency can reduce
the si1ze and the manufacturing cost of the underground heat
exchanger, and can simplify the on-site construction work.

Modification of Second Embodiment

[0146] An example of the air conditioning system (20) 1n
which the cooling heat-transfer pipe has a modified configu-
ration will be described below.

[0147] FIG. 10 15 a longitudinal cross-section showing a
configuration of an underground heat exchanger (50) accord-
ing to a modification of the second embodiment. The under-
ground heat exchanger (50) includes an outer pipe (51), a
heating heat-transier pipe (80), and a cooling heat-transier
pipe (90). The cooling heat-transter pipe (90) of the modifi-
cation includes an 1inlet portion (91), an outlet portion (92),
and a main body portion (93).

[0148] The inlet portion (91) 1s 1nserted into the outer pipe
(51) from the upper side (the side located on the ground
surface side 1n the state 1n which the outer pipe (51) 1s buried)
of the outer pipe (51), and one end of the inlet portion (91) 1s
connected to the second switch valve (73). The other end of
the inlet portion (91) 1s connected to one end of the main body
portion (93) in a lower part of the outer pipe (31). The outlet
portion (92) 1s inserted 1nto the outer pipe (51) from the upper
side of the outer pipe (51), and one end of the outlet portion
(92) located outside the outer pipe (51) 1s connected to the
first switch valve (72). The other end of the outlet portion (92)
1s connected to the other end of the main body portion (93) 1n
the lower part of the outer pipe (51).

[0149] The main body portion (93) 1s formed 1n a helical
shape, and 1s placed 1n the lower part of the outer pipe (51). In
this modification, the main body portion (93) 1s formed by a
flat pipe, like the second main body portion (12¢), etc. of the
first embodiment. In this example, a cross section of the main
body portion (93) has an aspect ratio of 1:3 to 1:2. This main
body portion (93) 1s placed so that 1ts flat side (that 1s, one of
longitudinal and lateral sides which has a larger dimension)
contacts the mner peripheral surface of the outer pipe (51).
The main body portion (93) 1s an example of the flat body of
the present invention.
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[0150] A plurality of grooves (not shown) similar to the
grooves (12/) of the heat-transier pipe (12) are also formed 1n
the outer peripheral surface of the main body portion (93).
The grooves of the main body portion (93) are formed so as to
extend 1n the circumierential direction of the main body por-
tion (93), and to extend 1n the longitudinal direction of the
outer pipe (51) 1n the state 1n which the cooling heat-transter
pipe (90) 1s mserted nto the outer pipe (51). Since the outer
pipe (51) 1s buried under the ground so that the longitudinal
direction of the outer pipe (51) matches the vertical direction,
the grooves of the main body portion (90) also extend 1n the
vertical direction.

[0151] Configuring the cooling heat-transter pipe (90) 1n
this manner can provide advantages similar to those provided
by the heat-transfer pipe (12) of the first embodiment in the
cooling operation. That 1s, forming the main body portion
(93) 1n a flat shape can reduce the size of a refrigerant accu-
mulating portion formed between the main body portion (93)
and the inner peripheral surface of the outer pipe (51),
whereby the heat medium (13) condensed on the inner
peripheral surface of the outer pipe (51) can be effectively
guided to the main body portion (93) 1n the cooling operation.
Since the cooling heat-transter pipe (90) 1s formed 1n a helical
shape, the surface area of the cooling heat-transier pipe (90)
in the outer pipe (51) can further be increased, whereby
cificient heat exchange can be implemented 1n this respect as
well.

[0152] Since the cooling heat-transter pipe (90) 1s located
in the lower part of the outer pipe (51), the liquid heat medium
can be more efliciently brought into contact with the main
body portion (93). That 1s, since the condensed heat medium
(13) flows along the inner wall surface of the outer pipe (51)
toward the bottom thereot, the cooling heat-transter pipe (90)
ol the modification can efficiently receive the heat medium 1n
the lower part of the outer pipe (51).

[0153] In the present embodiment as well, as described
above, heat exchange efliciency can further be improved by
the grooves provided 1n the heating heat-transier pipe (80),
the cooling heat-transter pipe (90), and the outer pipe (51).

[0154] (Other Configuration Examples of Heat-Transfer
Pipe (Flat Body))

[0155] FEach of the main body portions (12¢, 805, 93) of the
heat-transfer pipe (12), the heating heat-transier pipe (80),
and the cooling heat-transter pipe (90), namely, the flat body,
can be expected to provide similar advantages to the above
embodiment and the above modification, even 1f each main
body portion i1s configured as follows.

[0156] For example, a flat pipe, mnside of which 1s divided
into a plurality of tlow paths, namely a flat perforated pipe
(14), may be used as the main body portion (12¢, 805, 93).
FIGS. 11 A-11B are diagrams each showing an example of the
flat perforated pipe (14), and each showing a cross-sectional
shape perpendicular to a tlow path direction. This flat perfo-
rated pipe (14) has a stmilar outer shape to the flat pipe (12¢)
of the heat transter pipe (12), etc., and as shown by way of
example in FIGS. 11 A-11B, tlow paths having various cross-
sectional shapes can be used as the flow paths of the flat
perforated pipe (14). Note that the outer shapes of the flat
perforated pipe (14) and the flat pipe that forms the heat-
transier pipe (12), etc. are shown by way of example only, and
these pipes may have, e.g., an elliptical outer shape.

[0157] FIG. 12 shows an example 1n which the heat-trans-
ter pipe (12), etc. 1s formed by a composite pipe (15) in which
a plurality of pipes (15a) are arranged 1n a flat shape. In this
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example, three pipes (15a) having a circular cross section are
used to form the composite pipe (15). Thus, this composite
pipe (15) has an aspect ratio of approximately 1:3. This com-
posite pipe (15) 1s installed in the outer pipe (11) so that its flat
side shown 1n FI1G. 12 contacts the inner peripheral surface of
the outer pipe (11). Note that in addition to the pipes having a
circular cross section as shown in FIG. 12, pipes having
various cross-sectional shapes such as an elliptical cross sec-
tion may be used as the pipes (15a) that form the composite
pipe (15).

[0158] As described above, the “flat body™ 1n the present
invention means a member whose cross section perpendicular
to the tlow path direction has an aspect ratio other than 1:1,
and need not necessarily be shaped to surface-contact the
inner peripheral surface of the outer pipe (11). The “flat side”
of the flat body means one of the longitudinal and lateral sides
of the cross section which has a larger dimension, as
described above.

Other Embodiments

[0159] (1) Note that each of the underground heat exchang-
ers (10, 50) may be 1nstalled 1n the horizontal direction. FIG.
13 1s a diagram schematically showing a state in which the
underground heat exchanger (10, 50) 1s installed horizontally.
This figure shows only one underground heat exchanger (10,
50) for convenience of description. As described above, geo-
logical layers include a layer mainly containing only dirt, a
layer contaiming dirt and water, a layer mainly containing
water, a rock layer in which rocks are successively distrib-
uted, etc. This underground heat exchanger (10, 50) may
either be stalled 1n any of the layers, or installed so as to
cross multiple ones of the layers. In FIG. 13, Example 1 1s an
example in which the underground heat exchanger 1s installed
in the layer containing only dirt, Example 2 1s an example 1n
which the underground heat exchanger 1s installed in the layer
containing dirt and water, Example 3 1s an example 1n which
the underground heat exchanger i1s installed 1n the layer
mainly containing water, and Example 4 1s an example in
which the underground heat exchanger 1s installed 1n the rock
layer.

[0160] (2) In the heat-transier pipe (12), the heating heat-
transter pipe (80), and the cooling heat-transier pipe (90), a
portion other than the main body portion (the portion that
contacts the outer pipe (11)) may also be formed as a flat body.
[0161] (3) No groove may be provided 1n the inner periph-
eral surface of the outer pipe (11), and the outer peripheral
surfaces of the heat-transter pipe (12), the heating heat-trans-
ter pipe (80), and the cooling heat-transier pipe (90).

[0162] (4) As shown in FIGS. 14A-14B, a wick (100) may
be provided on the inner wall surface of the outer pipe (51). A
liquid heat medium 1nside the outer pipe (11) penetrates the
wick (100), and 1s held by the wick (100). The wick (100)
allows the liquid refrigerant held therein to contact the inner
wall surface of the outer pipe (51). For example, a porous
metal body, porous ceramic, an aggregation of fibers, etc. may

be used as the wick (100). Providing the wick (100) on the
inner wall surface of the outer pipe (51) 1n this manner can
ensure uniform moistening of the inner wall surface of the
outer pipe (51), and thus improves heat exchange capability
particularly in the heating operation.

[0163] (5) The heating heat-transier pipe (80) 1s not limited
to the type described above, as long as the underground heat
exchanger (50) functions as a heat exchanger (an evaporator)
for heating.
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[0164] (6) Carbon dioxide used as the heat medium 1s also

shown by way of example only. A maternial whose phase
changes 1n the temperature range (e.g., about 10° C. to +40°

C.) of the refrigerant of the refrigerant circuit can be used as
the heat medium. Specifically, e.g., ammonia, etc. may be
used as the heat medium

INDUSTRIAL APPLICABILITY The present

invention 1s uselul as heat exchangers that perform
heat exchange between heat exchange fluid and soil

DESCRIPTION OF REFERENC.

under the ground.

T

CHARACTERS

[0165] 1 Air Conditioming System

[0166] 2 Refrigerant Circuit

[0167] 3 Compressor (Compression Mechanism)

[0168] 4 Four-Way Valve (Flow Path Switching Portion)

[0169] 5 Indoor Heat Exchanger (Utilization-Side Heat
Exchanger)

[0170] 6 Expansion Valve (Expansion Mechanism)

[0171] 10 Underground Heat Exchanger

[0172] 11 Outer Pipe

[0173] 11a Groove

[0174] 12 Heat-Transter Pipe

[0175] 12d First Main Body Portion

[0176] 12e Second Main Body Portion

[0177] 12e Second Main Body Portion (Flat Pipe)

[0178] 127 Groove

[0179] 13 Carbon Dioxide (Heat Medium)

[0180] 15 Composite Pipe

[0181] 15a Pipe

1. An underground heat exchanger, comprising;

an outer pipe (11) that 1s buried under a ground;

a heat-transier pipe (12) which is inserted into the outer
pipe (11), and in which heat exchange tluid tlows; and

a heat medium (13) that 1s sealed 1n the outer pipe (11),
where

the underground heat exchanger exchanges heat with soil
by using a change in phase of the heat medium (13),
wherein

at least a part of the heat-transier pipe (12) 1s formed by a

flat body (12e, . . . ) that 1s foamed by a flat pipe (12¢, 14)
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or a composite pipe (15) in which a plurality of pipes
(15a) are arranged 1n a flat shape, and

a flat side of the flat body (12e, . . . ) contacts an inner
peripheral surface of the outer pipe (11).

2. The underground heat exchanger of claim 1, wherein

the heat-transter pipe (12) 1s formed so as to extend from a
top of the outer pipe (11) and to be bent at a bottom of the
outer pipe (11) to return to the top.

3. The underground heat exchanger of claim 1, wherein

the heat-transter pipe (12) includes a first main body por-

tion (124) extending from a top to a bottom of the outer
pipe (11), and a second main body portion (12¢) extend-

ing from the bottom to the top of the outer pipe (11), and

at least one of the first and second main body portions (124,
12¢) 1s formed 1n a helical shape, and a portion having,

the helical shape 1s the flat body (12e, . . . ).

4. The underground heat exchanger of claim 3, wherein

a plurality of grooves (12f), which extend 1n a direction of
gravity 1n an installed state, are formed i1n an outer
peripheral surface of the heat-transier pipe (12).

5. The underground heat exchanger of claim 1, wherein

a groove (11a) extending 1n a circumierential direction of
the outer pipe (11) 1s formed in the inner peripheral
surface of the outer pipe (11).

6. The underground heat exchanger of claim 5, wherein

the groove (11a) of the outer pipe (11) 1s formed so as to
extend 1n a horizontal direction 1n an installed state.

7. An air conditioning system, comprising:

a refrigerant circuit (2) including the underground heat
exchanger (10) of claim 1, a utilization-side heat
exchanger (5), a compression mechamsm (3), an expan-

ston mechanism (6), and a flow path switching portion
(4) that switches a direction in which a refrigerant as the

heat exchange fluid tlows, wherein

the air conditioning system 1s configured to be capable of
switching between a heating operation and a cooling
operation by switching the direction 1n which the refrig-
crant flows 1n the refrigerant circuit (2) by the flow path
switching portion (4).
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