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(54) HEAT EXCHANGER, AND HEAT PUMP DEVICE
(57) A heat exchanger according to the present invention includes a plurality of thin-plate members 1 spaced apart

from one another, fluid flowing through the space, a flow channel formed in each of the plurality of thin-plate members
1, a medium flowing through the flow channel, the medium exchanging heat with the fluid, and a pair of headers each
connecting ends of a corresponding one of two sides of the plurality of thin-plate members. The plurality of thin-plate
members 1 satisfy a relationship of 3 <Fp/Ft < 21, where Fp denotes a pitch of the plurality of thin-plate members 1
adjacent to one another, and Ft denotes a thickness of each of the plurality of thin-plate members 1.
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Description
Technical Field
[0001] The present invention relates to a heat exchanger and a heat pump apparatus including the heat exchanger.
Background Art

[0002] A plate-fin heat exchanger, a conventional heat exchanger has, for example, a pair of headers, a plurality of
multi-channel heat-exchanger tubes, and fins. The headers are spaced apart from each other. One of the headers
connects ends of one side of the multi-channel heat-exchanger tubes, and the other of the headers connects ends of
the other side of the multi-channel heat-exchanger tubes. The fins are thin-plate members for promoting heat exchange
coupled between the plurality of multi-channel heat-exchanger tubes.

[0003] Another conventional heat exchanger has a pair of headers and a plurality of fins. The headers are spaced
apart from each other. One of the headers connects ends of one side of the fins, which are thin-plate members, and the
other of the headers connects ends of the other side of the thin-plate members. Flow channels are formed in each of
the plurality of thin-plate members (see Patent Literature 1, for example).

Citation List
Patent Literature

[0004] Patent Literature 1: Japanese Unexamined Patent Application Publication (Translation of PCT Application) No.
2008-528943 (Abstract)

Summary of Invention
Technical Problem

[0005] In the above technology disclosed by Patent Literature 1, the thickness and the intervals of the plurality of thin-
plate members are not considered.

[0006] Hence, there is a problem in that the thickness and the intervals of the plurality of thin-plate members may be
inappropriate, thus lowering the heat exchangeability of the heat exchanger.

[0007] Forexample, if the thickness of the thin-plate members is made too large, although the channel area increases,
the draft resistance applied to air passing through each space between adjacent ones of the plurality of thin-plate
members increases, thus lowering the heat exchangeability. In contrast, if the thickness of the thin-plate members is
reduced, the draft resistance applied to air passing through each space between adjacent ones of the thin-plate members
is reduced. Instead, the channel area is reduced, thus lowering the heat exchangeability.

[0008] In view of the above problem, the present invention provides a heat exchanger and a heat pump apparatus
that exhibits improved heat exchangeability. Solution to Problem

[0009] A heat exchanger according to the present invention includes a plurality of thin-plate members spaced apart
from one another, fluid flowing through the space, a flow channel formed in each of the plurality of thin-plate members,
a medium flowing through the flow channel, the medium exchanging heat with the fluid, and a pair of headers each
connecting ends of a corresponding one of two sides of the plurality of thin-plate members. The plurality of thin-plate
members satisfy a relationship of 3 <Fp/Ft <21, where Fp denotes a pitch of the plurality of thin-plate members adjacent
to one another, and Ft denotes a thickness of each of the plurality of thin-plate members.

[0010] A heat pump apparatus according to the present invention includes a heat exchanger including a plurality of
thin-plate members spaced apart from one another, fluid flowing through the space, a flow channel formed in each of
the plurality of thin-plate members, a medium flowing through the flow channel, the medium exchanging heat with the
fluid, and a pair of headers each connecting ends of a corresponding one of two sides of the plurality of thin-plate
members, and a refrigerant circuit connecting a compressor, a condenser, an expansion unit, and an evaporator by
pipes and circulating refrigerant. The evaporator is the heat exchanger. The heat exchanger is arranged and connected
so that the refrigerant flows into one of the pair of headers provided on a lower side in a direction of gravity, flows through
the flow channel formed in each of the plurality of thin-plate members in a direction from the lower side toward an upper
side in the direction of gravity, flows into an other one of the pair of headers provided on the upper side in the direction
of gravity, and is discharged from the other one of the pair of headers on the upper side in the direction of gravity. The
heat exchanger is one of heat exchangers arranged in parallel on the upper side and on the lower side in the direction
of gravity. The heat exchangers arranged in parallel are connected in parallel.



10

15

20

25

30

35

40

45

50

55

EP 3 021 064 A1
Advantageous Effects of Invention

[0011] According to the present invention, in the heat exchanger that includes the plurality of thin-plate members
spaced apart from one another, the fluid flowing through the space, the flow channel formed in each of the plurality of
thin-plate members, the medium flowing through the flow channel, the medium exchanging heat with the fluid, and the
pair of headers each connecting the ends of a corresponding one of the two sides of the plurality of thin-plate members,
heat exchangeability can be improved.

[0012] According to the present invention, in the heat pump apparatus that includes the heat exchanger including the
plurality of thin-plate members spaced apart from one another, fluid flowing through the space, the flow channel formed
in each of the plurality of thin-plate members, the medium flowing through the flow channel, the medium exchanging
heat with the fluid, and the pair of headers each connecting the ends of a corresponding one of the two sides of the
plurality of thin-plate members, and the refrigerant circuit connecting the compressor, the condenser, the expansion
unit, and the evaporator by the pipes and circulating refrigerant, heat exchangeability can be improved.

Brief Description of Drawings
[0013]

[Fig. 1] Fig. 1 is a perspective view of a heat exchanger according to Embodiment 1 of the present invention.

[Fig. 2] Fig. 2 is a side view of the heat exchanger according to Embodiment 1 of the present invention.

[Fig. 3] Fig. 3 is a sectional diagram taken along line A-A illustrated in Fig. 2.

[Fig. 4] Fig. 4 is an enlarged view of part B illustrated in Fig. 3.

[Fig. 5] Fig. 5 is a graph illustrating a performance characteristic of the heat exchanger according to Embodiment
1 of the present invention.

[Fig. 6] Fig. 6 is a refrigerant circuit diagram of an air-conditioning apparatus according to Embodiment 1 of the
present invention.

[Fig. 7] Fig. 7 is a perspective view of heat exchangers according to Embodiment 2 of the present invention.

[Fig. 8] Fig. 8is a sectional diagram illustrating an arrangement of thin-plate members included in the heat exchangers
according to Embodiment 2 of the present invention.

[Fig. 9] Fig. 9 is a perspective view of a heat exchanger according to Embodiment 3 of the present invention.

[Fig. 10] Fig. 10is a sectional diagram of an inlet-side headerincluded in the heat exchanger according to Embodiment
3 of the present invention.

[Fig. 11] Fig. 11 is a diagram of an inner pipe included in the heat exchanger according to Embodiment 3 of the
present invention.

[Fig. 12] Fig. 12 is a side view of heat exchangers according to Embodiment 4 of the present invention.

Description of Embodiments
Embodiment 1

[0014] Fig. 1 is a perspective view of a heat exchanger according to Embodiment 1 of the present invention.

[0015] Fig. 2 is a side view of the heat exchanger according to Embodiment 1 of the present invention.

[0016] Fig. 3 is a sectional diagram taken along line A-A illustrated in Fig. 2.

[0017] Fig. 4 is an enlarged view of part B illustrated in Fig. 3.

[0018] As illustrated in Figs. 1 to 4, the heat exchanger includes a plurality of fins, that is, thin-plate members 1, and
a pair of headers (an inlet-side header 2 and an outlet-side header 3).

[0019] The plurality of thin-plate members 1 each have, for example, a thickness of about 2 mm or less and are made
of aluminum.

[0020] The plurality of thin-plate members 1 are spaced apart from one another. Fluid (for example, air) flows through
the spaces between the thin-plate members 1. The plurality of thin-plate members 1 each internally have one or a plurality
of flow channels 11 in which a medium (for example, refrigerant) flows. A portion between two ends of one thin-plate
member 1 and a portion between two ends of another thin-plate member 1 adjacent thereto are not connected to each
other with any thin-plate member internally having no flow channels. That is, a member that promotes heat exchange
between the fluid and the thin-plate members 1 is not provided between adjacent ones of the thin-plate members 1.
[0021] The pairof headers (the inlet-side header 2 and the outlet-side header 3) each connects ends of a corresponding
one of the two sides of the plurality of thin-plate members 1. For example, the refrigerant flows into the inlet-side header
2 from a refrigerant inlet 4 of the inlet-side header 2. The refrigerant having flowed into the inlet-side header 2 passes
through the flow channels 11 of the plurality of thin-plate members 1 and flows into the outlet-side header 3. Then, the
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refrigerant is discharged from a refrigerant outlet 5 of the outlet-side header 3. Note that the direction of the flow of the
refrigerant is not limited to the above and may be opposite to the above direction.

[0022] With such a configuration, the heat exchanger causes the air passing through the spaces between the plurality
of thin-plate members 1 and the refrigerant flowing in the flow channels 11 provided in the plurality of thin-plate members
1 to exchange heat with each other.

[0023] Furthermore, the plurality of thin-plate members 1 satisfy a relationship of 3 < Fp/Ft < 21, where Fp denotes
the intervals of the thin-plate members 1 that are adjacent to one another (i.e., the fin pitch), and Ft denotes the thickness
of each of the thin-plate members 1.

[0024] Fig. 5is a graph illustrating a performance characteristic of the heat exchanger according to Embodiment 1 of
the present invention.

[0025] When a case of a conventional heat exchanger is used as the reference (100%), Fig. 5 illustrates a relationship
between a ratio (AK/AP) of heat-transfer performance AK [W/K] to air-side draft resistance AP of the heat exchanger
and a ratio (Fp/Ft) of the pitch Fp of the thin-plate members 1 to the thickness Ft of each thin-plate member 1.

[0026] Here, the AK value is the result of multiplying an overall heat-transfer coefficient K and a heat-transfer area A
of the heat exchanger and represents the heat-transfer characteristic of the heat exchanger.

[0027] Note that the conventional heat exchanger used as the reference is a plate-fin heat exchanger that causes air
passing through spaces between a plurality of thin-plate members (thin-plate members each internally having no flow
channels) and refrigerant flowing in a plurality of heat-exchanger tubes to exchange heat with each other. Furthermore,
the heat-exchanger tubes of the conventional heat exchanger are provided in two rows that are arranged side by side
in the direction of the airflow and in a plurality of steps that are stacked in a direction orthogonal to the airflow. Furthermore,
the heat-exchanger tubes are each a circular tube of ¢ 7.94 mm, the pitch of the thin-plate members (thin-plate members
each internally having no flow channels) is 1.6 mm, the step pitch Dp of the heat-exchanger tubes is 20.4 mm, and the
row pitch Lp of the heat-exchanger tubes is 17.7 mm.

[0028] As graphed in Fig. 5, if Fp/Ft becomes too small, AK/AP becomes small. Furthermore, if Fp/Ft becomes too
large, AK/AP becomes small. That is, there is an appropriate range of Fp/Ft that can improve AK/AP.

[0029] For example, at a specific pitch Fp of the thin-plate members 1, if the thickness Ft of the thin-plate member 1
increases, the channel area of the flow channels 11 increases. Accordingly, the flow speed of the refrigerant increases,
the overall heat-transfer coefficient K increases, the heat-transfer performance AK becomes high, and AK/AP increases.
However, if the thickness Ft of the thin-plate member 1 becomes too large, the air-side draft resistance AP becomes
high. Accordingly, AK/AP is reduced.

[0030] Furthermore, for example, if the thickness Ft of the thin-plate member 1 becomes small, the air-side draft
resistance AP becomes low. Accordingly, AK/AP increases. However, if the thickness Ft of the thin-plate member 1
becomes too small, the channel area of the flow channels 11 is reduced. Furthermore, with a reduction in the flow speed
of the refrigerant, the overall heat-transfer coefficient K is reduced, and the heat-transfer performance AK becomes low.
Consequently, AK/AP is lowered.

[0031] In view of the above, the heat exchanger according to Embodiment 1 satisfies the relationship of 3 <Fp/Ft <21
so that AK/AP becomes higher than or equal to that (100%) of the conventional heat exchanger.

[0032] Thus, the heat exchanger can exhibit improved heat exchangeability.

[0033] Furthermore, in the case of a plate-fin heat exchanger that causes air passing through spaces between a
plurality of thin-plate members (thin-plate members each internally having no flow channels) and refrigerant flowing in
a plurality of heat-exchanger tubes to exchange heat with each other as in the conventional heat exchanger, a thermal
contact resistance is generated between each of the heat-exchanger tubes and a corresponding one of the thin-plate
members (thin-plate members internally having no flow channels). Furthermore, a thermal conductivity resistance is
generated in each of the thin-plate members (thin-plate members each internally having no flow channels).

[0034] In contrast, the heat exchanger according to Embodiment 1 has the flow channels 11 in which the refrigerant
flows provided inside each of the thin-plate members 1. Therefore, the thermal conductivity resistance is low. Moreover,
the thermal contact resistance generated between each of the thin-plate members (thin-plate members each internally
having no flow channels) and a corresponding one of the heat-exchanger tubes in the conventional heat exchanger is
not generated. Hence, the heat exchangeability of the heat exchanger can be made higher than that of the conventional
heat exchanger.

[0035] Acasewherethe above heatexchangerisappliedtoarefrigerantcircuitincludedin an air-conditioning apparatus
will be described below.

[0036] Fig. 6 is arefrigerant circuit diagram of an air-conditioning apparatus according to Embodiment 1 of the present
invention.

[0037] The refrigerant circuit illustrated in Fig. 6 includes a compressor 33, a condenser 34, an expansion device 35
as an expansion unit, and an evaporator 36. Furthermore, the air-conditioning apparatus includes fans 37 that each
send air to a corresponding one of the condenser 34 and the evaporator 36, and fan motors 38 that each drive a
corresponding one of fans 37.
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[0038] Applying the above heat exchanger to one of or both of the condenser 34 and the evaporator 36 provides an
air-conditioning apparatus having high energy efficiency.
[0039] Here, the energy efficiency is expressed as follows:

Heating-energy efficiency = capacity of indoor heat exchanger

(condenser) /total input

Cooling-energy efficiency = capacity of indoor heat exchanger

(evaporator) /total input

[0040] Ifthe above heat exchangeris used as the evaporator 36, the heat exchanger is oriented so that the longitudinal
direction of the plurality of thin-plate members 1 corresponds to the direction of gravity. That is, in each of the thin-plate
members 1, the refrigerant makes an ascending flow that goes from the lower side toward the upper side in the direction
of gravity.

[0041] Furthermore, if the above heat exchanger is used as the evaporator 36, the refrigerant flows into the inlet-side
header 2, which is one of the pair of headers (the inlet-side header 2 and the outlet-side header 3), provided on the
lower side in the direction of gravity. The refrigerant having flowed into the inlet-side header 2 passes through all of the
flow channels 11 provided in the plurality of thin-plate members 1, and flows into the outlet-side header 3 provided on
the upper side in the direction of gravity.

[0042] That s, the refrigerant having flowed into the inlet-side header 2 is distributed to the plurality of flow channels
11 provided in each of the plurality of thin-plate members 1, and flows from the bottom toward the top of each of the
plurality of thin-plate members 1. Subsequently, the refrigerant is discharged from the outlet-side header 3.

[0043] Note that the inlet-side header 2 corresponds to "the header provided on the lower side in the direction of
gravity" according to the present invention, and the outlet-side header 3 corresponds to "the header provided on the
upper side in the direction of gravity" according to the present invention.

[0044] Here, the refrigerant flowing in the evaporator 36 is in a two-phase gas-liquid state. The two-phase gas-liquid
refrigerant occasionally flows in a plug-flow or slug-flow pattern. If the above heat exchanger is used as the evaporator
36, the refrigerant flows through the flow channels 11 of the plurality of thin-plate members 1 from the bottom to the top.
Thus, if the refrigerant flows in a plug-flow or slug-flow pattern, the refrigerant can smoothly flow upward with the buoyancy
of bubbles.

[0045] Thus, the heat exchanger can exhibit improved heat exchangeability.

[0046] Furthermore, if the evaporating temperature of the refrigerant flowing in the evaporator 36 is lowered, the vapor
in the air may be condensed into dew drops (condensed water) on the surfaces of the plurality of thin-plate members 1.
If the above heat exchanger is used as the evaporator 36, the heat exchanger is oriented so that the longitudinal direction
of the plurality of thin-plate members 1 corresponds to the direction of gravity from the lower side toward the upper side.
Thus, dew drops smoothly run down between adjacent ones of the plurality of thin-plate members 1. Thus, improved
dew drainability can be provided. Furthermore, in a defrosting operation in which frost generated on the evaporator 36
is melted, the generation of solid ice that may build up in a lower part of the heat exchanger can be prevented.

[0047] Note that the above advantageous effects are produced even if the plurality of thin-plate members 1 do not
satisfy the relationship of 3 <Fp/Ft < 21. If the plurality of thin-plate members 1 satisfy the relationship of 3 <Fp/Ft < 21,
the heat exchanger can exhibit further improved heat exchangeability.

Embodiment 2

[0048] Heatexchangers accordingto Embodiment 2 willbe described below, focusing on differences from Embodiment
1. Components that are the same as those of Embodiment 1 are denoted by corresponding ones of the reference signs.
[0049] Fig. 7 is a perspective view of the heat exchangers according to Embodiment 2 of the present invention.
[0050] Fig. 8 is a sectional diagram illustrating an arrangement of thin-plate members included in the heat exchangers
according to Embodiment 2 of the present invention.

[0051] As illustrated in Figs. 7 and 8, in Embodiment 2, two heat exchangers are provided side by side in the direction
of the flow of the fluid (air). Furthermore, in the direction of the flow of the fluid (air), the plurality of thin-plate members
1 on the upstream side do not overlap the plurality of thin-plate members 1 on the downstream side. That is, the plurality
of thin-plate members 1 are arranged in a staggered manner.

[0052] Thus, the flow of the air developed between adjacent ones of the plurality of thin-plate members 1 included in
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the first heat exchanger can further be developed at a new boundary layer formed at the front edges of the plurality of
thin-plate members 1 included in the second heat exchanger. Consequently, heat transfer can be promoted.

[0053] While Embodiment 2 concerns a case where two heat exchangers are provided, the present invention is not
limited to such a case. Three or more heat exchangers may be provided.

[0054] Furthermore, the above advantageous effects are produced even if the plurality of thin-plate members 1 do not
satisfy the relationship of 3 <Fp/Ft < 21. If the plurality of thin-plate members 1 satisfy the relationship of 3 <Fp/Ft < 21,
the heat exchanger can exhibit further improved heat exchangeability.

Embodiment 3

[0055] Aheatexchangeraccordingto Embodiment 3 will be described below, focusing on differences from Embodiment
1. Components that are the same as those of Embodiment 1 are denoted by corresponding ones of the reference signs.
[0056] Fig. 9 is a perspective view of the heat exchanger according to Embodiment 3 of the present invention.
[0057] Fig. 10 is a sectional diagram of an inlet-side header included in the heat exchanger according to Embodiment
3 of the present invention.

[0058] Fig. 11 is a diagram of an inner pipe included in the heat exchanger according to Embodiment 3 of the present
invention.

[0059] Asillustratedin Figs. 9to 11, the inlet-side header 2 of the heat exchanger according to Embodiment 3 includes
an outer pipe 6 and an inner pipe 7 provided inside the outer pipe 6.

[0060] An end of each of the plurality of thin-plate members 1 is connected to the outer pipe 6. The outer pipe 6 is,
for example, a pipe having a rectangular cross-sectional shape, with the two ends thereof closed. A tube that forms the
refrigerant inlet 4 extends through a sidewall of the outer pipe 6. The refrigerant is taken into the inner pipe 7 from the
refrigerant inlet 4.

[0061] The inner pipe 7 is, for example, a circular pipe. The inner pipe 7 is provided with the refrigerant inlet 4 from
which the refrigerant flows in, and a plurality of outlets 71 from which the refrigerant flowing in from the refrigerant inlet
4 is discharged into the outer pipe 6. The length of the inner pipe 7 is substantially equal to the length of the area in
which the plurality of thin-plate members 1 are arranged. The plurality of outlets 71 are provided only on the lower side
(alower part in the direction of gravity) of the inner pipe 7. The plurality of outlets 71 are arranged at substantially constant
intervals in the longitudinal direction of the inner pipe 7.

[0062] If the heat exchanger having such a configuration is used as the evaporator 36, refrigerant in a liquid phase
flows into the inner pipe 7 from the refrigerant inlet 4. The liquid-phase refrigerant having flowed into the inner pipe 7 is
discharged into the outer pipe 6 from each of the plurality of outlets 71. Thus, in the inlet-side header 2, the liquid-phase
refrigerant is stirred and is evenly distributed to the plurality of thin-plate members 1. Hence, local drying of the refrigerant
in some of the plurality of thin-plate members 1 is less likely to occur. Consequently, the heat exchanger can exhibit
improved heat exchangeability.

[0063] Furthermore, the above advantageous effects are produced even if the plurality of thin-plate members 1 do not
satisfy the relationship of 3 <Fp/Ft < 21. If the plurality of thin-plate members 1 satisfy the relationship of 3 <Fp/Ft < 21,
the heat exchanger can exhibit further improved heat exchangeability.

Embodiment 4

[0064] Heatexchangersaccordingto Embodiment4 willbe described below, focusing on differences from Embodiment
1. Components that are the same as those of Embodiment 1 are denoted by corresponding ones of the reference signs.
[0065] Fig. 12 is a side view of the heat exchangers according to Embodiment 4 of the present invention.

[0066] As illustrated in Fig. 12, in Embodiment 4, two heat exchangers are mounted one on top of the other in the
direction of gravity. Each of the two heat exchangers is oriented so that the longitudinal direction of the plurality of thin-
plate members 1 corresponds to the direction of gravity. Furthermore, the inlet-side header 2 of the heat exchanger on
the upper side and the inlet-side header 2 of the heat exchanger on the lower side are connected in parallel, and the
outlet-side header 3 of the heat exchanger on the upper side and the outlet-side header 3 of the heat exchanger on the
lower side are connected in parallel. That is, in Embodiment 4, the heat exchangers are arranged in parallel on the upper
side and the lower side in the direction of gravity. Furthermore, if the set of the heat exchangers is used as the evaporator
36, the refrigerant flows, in each of the heat exchangers, into the inlet-side header 2 provided on the lower side in the
direction of gravity and is discharged from the outlet-side header 3 provided on the upper side in the direction of gravity.
Note that the flow channels 11 provided in each of the plurality of thin-plate members 1 each have a size corresponding
to the diameter of the fluid (an equivalent diameter) of 0.05 to 0.2 mm.

[0067] In general, when the flow rate of refrigerant flowing into a flow channel is reduced, the heat-transfer coefficient
of that flow channel is reduced. However, if the heat exchanger is used as the evaporator 36, that is, if a two-phase gas-
liquid refrigerant flows through the thin-plate member 1 upward from the lower side toward the upper side in the direction
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of gravity, the heat-transfer coefficient of each of the flow channels 11 is less likely to be reduced or is increased even
if the flow rate of the refrigerant flowing into the flow channels 11 is reduced, because the refrigerant is distributed among
the plurality of flow channels 11. The reason is as follows. When the flow rate of the refrigerant is reduced, the refrigerant
in the liquid phase stagnates because the diameter of each of the flow channels 11 is 1 mm or less. Consequently, the
refrigerant tends to boil. If the flow channels 11 each have a rectangular cross-sectional shape as illustrated in Fig. 4,
the above phenomenon is particularly remarkable.

[0068] That is, in each of the heat exchangers according to Embodiment 4, compared with a case where each thin-
plate member 1 is a circular pipe internally having a circular flow channel whose cross-sectional area is equal to the
sum of the cross-sectional areas of the flow channels 11, the flow rate of the refrigerant per flow channel 11 is small
because the thin-plate members 1 each have a plurality of flow channels 11. The reduction in the flow rate of the
refrigerant causes a phenomenon that the heat-transfer coefficient of each of the flow channels 11 becomes equal to
the heat-transfer coefficient of the circular pipe. Consequently, the change in the phase of the refrigerant in each of the
flow channels 11 is promoted.

[0069] Furthermore, even if each of the thin-plate members 1 has only one flow channel 11, the number of thin-plate
members 1 can be made larger than the number of circular pipes, that is, the total number of flow channels 11 can be
made larger than the number of circular pipes, because each of the thin-plate members 1 is thin. Thus, the flow rate of
the refrigerant per flow channel 11 is reduced, and the reduction in the flow rate of the refrigerant causes the phenomenon
that the heat-transfer coefficient of each of the flow channels 11 becomes equal to the heat-transfer coefficient of the
circular pipe. Consequently, the change in the phase of the refrigerant in each of the flow channels 11 is promoted.
[0070] Thus, to maintain the performance of the refrigeration cycle while setting the quality of the refrigerant at the
outlet of each of the flow channels 11 to about 1 or lower, the length of each of the plurality of thin-plate members 1
needs to be made shorter than that of the conventional heat exchanger.

[0071] For the above reasons, in Embodiment 4, two heat exchangers are mounted one on top of the other in the
direction of gravity, and the length of each of the plurality of thin-plate members 1 is reduced. Thus a satisfactory heat-
exchange capacity is provided while the performance of the refrigeration cycle is maintained. For example, if the heat
exchanger is incorporated into an outdoor unit of an air-conditioning apparatus, a satisfactory heat-exchange capacity
can be provided even if the outdoor unit has substantially the same unit height as the conventional outdoor unit.
[0072] Furthermore, the above advantageous effects are produced even if the plurality of thin-plate members 1 do not
satisfy the relationship of 3 <Fp/Ft < 21. If the plurality of thin-plate members 1 satisfy the relationship of 3 <Fp/Ft < 21,
the heat exchanger can exhibit further improved heat exchangeability.

[0073] While the heat exchangers according to Embodiments 1 to 4 and air-conditioning apparatuses including the
same have been described, the configurations of the heat exchangers according to Embodiments 1 to 4 and the air-
conditioning apparatuses including the same may be combined arbitrarily. In such a case, the heat exchanger can also
exhibit improved effectiveness.

[0074] Furthermore, the heat exchanger according to any of Embodiments 1 to 4 and the air-conditioning apparatus
including the same can produce the above advantageous effects with any refrigerant such as R410A, R32, and
HFO1234yf.

[0075] Furthermore, while the above description concerns an exemplary case where the working fluids are air and
refrigerant, the above advantageous effects can be produced with any of other fluids such as gas, liquid, and gas-liquid
mixed fluid.

[0076] Furthermore, the above advantageous effects can be produced even if the heat exchanger according to any
of Embodiments 1 to 4 is incorporated into either an indoor unit or an outdoor unit of an air-conditioning apparatus.
[0077] Furthermore, the heat exchanger according to any of Embodiments 1 to 4 and the air-conditioning apparatus
including the same can produce the above advantageous effects with any refrigerating machine oil based any oil such
as mineral oil, alkylbenzene oil, ester oil, ethereal oil, and fluorine oil, regardless of whether or not the refrigerant and
the oil are soluble in each other.

Industrial Applicability

[0078] The present invention is applicable not only to the above air-conditioning apparatus but also to a heat pump
apparatus in which energy-saving performance needs to be improved with improved heat exchangeability.

Reference Signs List
[0079]

1 thin-plate member 2 inlet-side header 3 outlet-side header 4 refrigerant inlet 5 refrigerant outlet 6 outer pipe 7
inner pipe 11 flow channel 33 compressor 34 condenser 35 expansion device 36 evaporator 37 fan 38 fan motor
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71 outlet
Claims
1. A heat exchanger comprising:
a plurality of thin-plate members spaced apart from one another, fluid flowing through the space, a flow channel
formed in each of the plurality of thin-plate members, a medium flowing through the flow channel, the medium
exchanging heat with the fluid; and
a pair of headers each connecting ends of a corresponding one of two sides of the plurality of thin-plate members,
the plurality of thin-plate members satisfying a relationship of
3 < Fp/Ft < 21,
where Fp denotes a pitch of the plurality of thin-plate members adjacent to one another, and Ft denotes a
thickness of each of the plurality of thin-plate members.
2. The heat exchanger of claim 1, wherein a member promoting heat exchange between the fluid and the plurality of
thin-plate members is not provided between adjacent ones of the plurality of thin-plate members.
3. A heat pump apparatus comprising
a refrigerant circuit connecting a compressor, a condenser, an expansion unit, and an evaporator by pipes and
circulating refrigerant,
wherein at least one of the condenser and the evaporator is the heat exchanger of claim 1 or 2.
4. A heat pump apparatus comprising
a refrigerant circuit connecting a compressor, a condenser, an expansion unit, and an evaporator by pipes and
circulating refrigerant,
wherein the evaporator is the heat exchanger of claim 1 or 2, and
wherein the heat exchanger is arranged and connected so that
the refrigerant flows into one of the pair of headers provided on a lower side in a direction of gravity, flows through
the flow channel formed in each of the plurality of thin-plate members in a direction from the lower side toward an
upper side in the direction of gravity, flows into an other one of the pair of headers on the upper side in the direction
of gravity, and is discharged from the other one of the pair of headers on the upper side in the direction of gravity.
5. The heat pump apparatus of claim 4,
wherein the heat exchanger is one of heat exchangers arranged in parallel on the upper side and on the lower side
in the direction of gravity, and
wherein the heat exchangers arranged in parallel are connected in parallel.
6. A heat pump apparatus comprising:

a heat exchanger including

a plurality of thin-plate members spaced apart from one another, fluid flowing through the space, a flow
channel formed in each of the plurality of thin-plate members, a medium flowing through the flow channel,
the medium exchanging heat with the fluid, and

a pair of headers each connecting ends of a corresponding one of two sides of the plurality of thin-plate
members; and

a refrigerant circuit connecting a compressor, a condenser, an expansion unit, and an evaporator by pipes and
circulating refrigerant,

wherein the evaporator is the heat exchanger,

wherein the heat exchanger is arranged and connected so that
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the refrigerant flows into one of the pair of headers provided on a lower side in a direction of gravity, flows
through the flow channel formed in each of the plurality of thin-plate members in a direction from the lower
side toward an upper side in the direction of gravity, flows into an other one of the pair of headers provided
on the upper side in the direction of gravity, and is discharged from the other one of the pair of headers on
the upper side in the direction of gravity,

wherein the heat exchanger is one of heat exchangers arranged in parallel on the upper side and on the lower
side in the direction of gravity, and
wherein the heat exchangers arranged in parallel are connected in parallel.

The heat pump apparatus of claim 6, wherein a member promoting heat exchange between the fluid and the plurality
of thin-plate members is not provided between adjacent ones of the plurality of thin-plate members.

The heat pump apparatus of any one of claims 5 to 7, wherein the flow channel formed in each of the plurality of
thin-plate members has a rectangular cross-sectional shape.

The heat pump apparatus of any one of claims 3 to 8,
wherein one of the pair of headers provided on a lower side in a direction of gravity includes

an outer pipe connecting the ends of one side of the plurality of thin-plate members; and
an inner pipe provided inside the outer pipe,

wherein the inner pipe has an inlet and a plurality of outlets, the refrigerant flowing into the inlet and being discharged
from the plurality of outlets to the outer pipe.

The heat pump apparatus of claim 9, wherein the plurality of outlets are provided only in a lower part of the inner
pipe in the direction of gravity.

The heat pump apparatus of any one of claims 3 to 10,

wherein the heat exchanger is one of a plurality of heat exchangers arranged side by side in a direction of flow of
the fluid, and

wherein, in the direction of flow of the fluid, each of the plurality of thin-plate members provided on an upstream
side is alternately staggered with respect to a corresponding one of the plurality of thin-plate members provided on
a downstream side.

10
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