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HEAT EXCHANGER HAVING CORRUGATED FINS AND
AIR CONDITIONER HAVING THE SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a heat exchanger comprising
a number of fins which are arranged in a multilayer structure,
and a refrigerant pipe which is inserted in the multilayered fins
so as to be extended in a meandering form, and an air conditioner
having the heat exchanger.

.2. Descripfion of Related Art

In a conventional heat-pump type air conditioner, during
cooling operation refrigerant is circulated through a compressor,
a heat exchanger at a heat source side (outdoor side), a four-way
change-over valve, a flow-amount éontrol valve (expansion
device), a heat exchanger at an user side (indoor side), and the
.four-.way change-over valve in this order during cooling
operation, and during heating operation the refrigerant is also
circulated in the opposite direction to that of the cooling
operation. The heat exchanger at the heat source side serves as
an evaporator in heating operation, and as a condenser in cooling
operation.

In order to enhance the heat exchange efficiency of such a
heat exc¢hanger, \}arious proposals on the shape of fins have been
made. For 'example, fhere has been known a fin on which two
projecting portions each haviﬁg a triangular shape in section are

continuously formed in an air flow (blow) .direction (in the
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thickness direction of the fin).

However, the conventional fin as described above has a
problem that a sufficient turbuient flow of air to promote
thermal diffusion cannot be established on the surface of the fin
when fhe air flows through the fin while heat-exchanged by the
refrigerant pipe, and thus a thermal boundary layer of the air
still remains, so that the heat exchange efficiency 1is
insufficient.

Ih view of the foregoing problem, it may be considered that
a large number of projections are randomly formed on a fin to
promote occurrence of the turbulent flow of the air passing over
the surface of the fin. In this case, however, such a random
arrangement of the projections causes increase of resistance to
the air flow, and thus it rather reduces the heat exchange
efficiency.

In addition, the conventional air conditioner as described
above has used a chemical compound such as R-12 or R-50 as
refrigerant to be filled in a refrigerant circuit. However, such
chemical compounds have pqténtiality of breaking the ozone layer
in the sky because they have chlorine groups therein. Therefore,
for the purpose of the protection of environment, R-11
(chlorodifluorbmetane) having little chlorine group, chemical
components. .such as R-32 (difluorometane), R~-125
(pentafluoroethane) and R-134a (tetrafluoroethane) which have no

chlorine group, or a mixture of these compounds (hereinafter
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referred to as "HFC-based refrigerant (mixture refrigerant)")

have been recently used as substitutive refrigerant. When such.

an HFC-based refrigerant is used as refrigerant, the refrigerant

circuit is necessarily kept under high-pressure and high-

tempefature state due to the inherent characteristic of the .

mixture refrigerant. In order to prevent the refrigerant circuit
to fall into an abnormal high-pressure and high-temperature
state, the heat exchanger has been required to have higher héat
exchange efficiency.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a heat
exchanger which can enhance its heat exchange efficiency, and an
air conditioner having the heat exchanger.
| According to a first aspect of the present invention, a heat
exchanger comprising a number of fins which are arranged in a
mulfilayer structure, and a refrigerant pipe which is inserted
in the multilayered fins so as to be arranged in a meandering
form, the heat exchanger performing heat exchange between air and
refrigerant to perform cdoling and/or heating operation, is
characterized in that each of the fins has a corrugated portion
formed in an air-flow direction théreon, the corrugated portion
having at least two wavelike portions for producing a turbulent
flow of air having such strength that a temperature boundary
layer of the air is broken, but resistance against to the air

flow is not excessively high.
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In the heat exchanger of the first aspect of the present
invention, the corrugated portion may comprise three wavelike
portions which are formed in the air flow difection on each of
the finé, each wavelike portion having a substantially
trianéular section.

According to the heat exchanger as described above, since
the three wavelike portions are formed along the air flow
direction on the fin of the heat exchanger, a turbulent flow
enough to break the temperature boundary layer can be formed,
resulting in enhancement of the heat exchange efficiency. In
addition, the turbulent flow thus formed does not excessively
increase its resistance to the air flow, and thus fhe pressure
loss is not increased. Thérefore, the heat exchange efficiency
of the whole heat exchanger can be enhanced.

In the heat exchanger as described above, the width of each
of the fins is set to two to three times of the pipe diameter of
the refrigerant pipe, the width of each wavelike portion is set
to substantially trisection the fin width, and the height of said
wavelike portion is set to one-seventh to one-eighth of the width
of said wavelike portion.

According to the heat exchanger as described above, since
the fin width is set to two to three times of the pipe diameter
of the refrigérant pipe, the fin width dan be minimized while the
heat exchange efficiency based on the temperature difference

between the air and the fin in the heat exchange is maximized.
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That is; if the fin width is less than the double of the pipe
diameter of the refrigerant pipe, a sufficient heat exchange area
cannot be obtained. On the other hand, if the fin width is more
than the three times of the pipe diameter of the refrigerant
pipe,.thé fin width is excessively large irrespective of a small
temperature difference between the air and the fin.

'Further, according to the heat exchanger as described above,
the width of the wavelike portion is set to substantially
trisectioning the fin width (i.e., the width of the wavelike
portion is substantially equal to oné-third of.the fin width),
and the height of the wavelike portion is set to one-seventh to
one-eighth of the width thereof. Accordingly, there can be
producea a turbulent flow of air with which the temperature
boundary layer of the air is broken, but resistance against to
the air flow can be minimized.

In the heat exchanger of the first aspect of the present
inx}ention, the corrugated portion may comprise two wavelike
portions which are formed ih the air flow direction on each of
the fins, and a flat portion interposed betweén the wavelike
portions, each of the trapezoidal wavelike portions having a
triangular section.

According to the heat'exchanger as described above, the
corrugated portion comprises the two wavelike portions, and the
flat portion interposed between the wavélike portions, so that

a turbulent flow enough to break the temperature boundary layer
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of the air can be produced in air flowing along the surface of
the fins, so that a heat exchange efficiency can be enhanced. In
addition, the resistance to the flowing air is not excessively
1arge7 Therefore, the heat exchange efficiency of the whole heat
exchange can be enhanced. |

Further, the flat portion of each fin itself enhances a
drainage effect to prevent the surface of the fin from being
frosted. For example,'when the heat exchanger as described above
is used as an outdoor heat exchanger, defrosting operation can
be effectively performed because the outdoor heat exchanger has
an excellent drainage effect, and an effect of the latent heat
of water on the outdoor heat exchanger can be suppressed.
Therefore, even when the defrosting operation is switched off to
return to heating operation, the heat exchanger efficiency can

~————pe Kkept t6 & high level.

In the heat exchanger as described above, the width of each
of the fins is set to two to three times of the pipe diameter of
the refrigerant pipe,_the width of the flat portion is set to a

'half of the width of the wavelike portion, and the height of the

wavelike portion is set to one-eighth to one-ninth of the-width
) — .

of the wavelike portion.

/’”://Ff/.Agmerding to the heat exchanger as described above, since
the fin width is set to two to three times of the pipe diameter
of the refrigerant pipe, the fin width can be minimized while the

heqq exchange efficiency based on the temperature difference
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between the air and the fin in the heat exchange is maximized.
That is, if the fin width is less than the double of the pipe
diameter of the refrigerant pipg, a sufficient heat exchange area
cannot be obtained. On the other hand, if the fin width is more
than the three times of the pipe diameter of the refrigerant
pipe, the fin width is excessively large irrespective of a small
temperature difference between the air and the fin.

According to the heat exchanger as described above, the
width of the flat portion is set to the half of the width of the
wavelike portion, and the height of the wavelike portion is set
to one-eighth to one-ninth of the width of the wavelike portion.
Therefore, the air flowing along the fins forms a turbulent flow
enough to break the temperature boundary layer, however, the
resistance to the air flow can be minimized.

In‘the heat exchanger of the first aspect df the present
invention, the corrugated portion may comprise two.trapezoidal
wavelike portions which are formed in the air flow direction on
each of the fins, and a flat portion interposed between the
trapezoidal wavelike portions, each of the trapeioidal wavelike
portions having a substantially trapezoidal section.

According to the heat exchanger as described above, on each
fin are formed two trapezoidal wavelike portions and a flat
portion interposed therebetween in the air flow direction,
whereby a turbulent flow enough to break the temperature boundary

layer of the air can be produced in air flowing along the surface
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of the fins to thereby enhance a heat exchange efficiency. In
addition, the resistance to the flowing air is not excessively
large. Therefore, the heat exchange efficiency of the whole heat
exchange can be enhanced. In addition, the trapezoidal wavelike
portion has an upper flat portion, and both the upper flat
portion and the flat portion between the trapezoidal wavelike
portions serve to enhance the drainage effect. Therefore, the
frosting on the fins can be prevented more excellently.

In the heat exchanger as described above, the width of each
of the fins is set to two to three times of the pipe diameter of
said refrigerant pipe, the ratio of the width of the flat portion
to the width of the trapezoidal wavelike portion is set to 2/3,
and the height of the trapezoidal wavelike portion is set to one-
fourth to one-fifth of the width of the trapezoidal wavelike
.portion.

According to the heat exchanger as described above, éince
the fin width is set to two to three times of the pipe diameter
of the refrigerant pipe, the fin width can be minimized while the
heat éxchange efficiency.bésed on the temperafure difference
between the air and the fin in the heat exchange is maximized.
That is, if the fin width is less than the double of the pipe
diameter of the refrigerant pipe, a sufficient heat exchange area
cannot be obtained. On the other hand, if the fin width is more
than the three times of the pipe diaméter of the refrigérant

pipe, the fin width is excessively large irrespective of a small
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temperature difference between the air and the fin.

Further, according to the heat exchanger as described above,
the ratio of the width of the flat portion to the width of the
trapezoidal wavelike portion is set to 2/3, and the height of the
trapezoidal wavelike portion ié set to one-fourth to one-fifth
of the width_of the trapezoidal wavelike portion. Therefore, the
air flowing along the fins forms a turbulent flow enough to break
the temperature boundary layer{ however, the resistance to the
air flow can be minimized. |

According to a second aspect of the present invention, an
air conditioner in which refrigeraht is circulated in a
refrigerant circuit comprising a compressor, a user-side heat
exchanger, an expansion device and a heat-source side heat
exchanger, is characterized in that at least one of the user-side
heat exchanger and.the heat-source side heat exchanger comprises
a number of fins which are arranged in a multilayer structure,
and a refrigerant pipe which is inserted in the multilayered fins
so as to be'arranged in a meandering form, and each of the fins
has a corrugated portion formed in an air-flow direction thereon,
the corrugated portion having at least two wavelike portions for
producing a turbulent flow of air having such strength that a
temperature boundary layer of the air is broken, but-reéistance
against to the air flow is not excessively high.

In the air conditioner of the second aspect of the present

invention, the corrugated portion may comprises three wavelike

II
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portions which are formed in the air flow direction on each of
the fins, each wavelike portion having a triangular section.

In the air conditioner of the second aspect of the present
inven‘l_:ion, the corrugated portion may comprise two wavelike
portions which are formed in the air flow direction on each of
said fins, and a flat portion interposed between the wavelike
portions, each of the trapezoidal wavelike portions having a
triangular section.

In the air conditioner of the second aspect of the present
invention, the corrugated portion may comprise two trapezoidal
wavelike portioné which are formed in the air flow direction on
each of the fins, and a flat porfion ihterposed between the
trapézoidal wavelike portions, each of the trapezoidal wavelike
portions having a trapezoidal section.

According to the air conditioner as described above, the
heat exchange efficiency -can be enhanced, and thus the air-
conditioning power can be also enhanced by the special structure
of the fins.éf.the heat exchanger used in the air conditioner.
Furthér;' ﬁFC—based refrigerant which hecessarily keeps the
refrigerant circuit under high-pressure and high-temperature
state can be used as refrigerant.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic diagram showing an air conditioner

according to the present invention;

Fig. 2 is a refrigerant circuit of the air conditioner shown

T
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in Fig. 1;

Fig. 3 is a diagram showing a control circuit for the
refrigerant circuit shown in Fig. 2;

Fig. 4 is a berspective view showing a first embodiment of
a heaf exchanger used in the refrigerant circuit shown in Fig.
2;

Fig. 5 is .a plan view showing a fin used in the heat
exchanger of the refrigerant circuit:;

Fig. 6 is an enlarged cross-sectional view showing the body

of the fin of Fig. 4, which is taken along a line Al-Al of Fig.

4;

Fig. 7 is a plan view showing a part of the fin body of Fig.
4;

Fig. 8 is a cross-sectionai view of the fin shown in Fig.
4;

Fig. 9 is a graph showing the relationship between the width
of the fin and the temperature of air passing over the fin{-

Fig. 10 is a perspective view showing a second embodiment
of the heat exchanger of the refrigerant circuit;

Fig. 11 is a plan view showing a fin us:ed in the heat
exchanger of the second embodiment;

Fig. 12 is an enlarged cross-sectional view of the fin of
Fig. 11, which is taken along a A-A line of Fig. 11;.

Fig. 13 is a plan view showing a part of the fin of Fig. 11;

Fig. 14 is a cross-sectional view of the fin shown in Fig.

i
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13;

Fig. 15 is a perspective view showing a third embodiment of
the heat exchanger of the refrigerant circuit:;

ﬁig; 16 is a plan view of a fin used in the third eﬁbodiment
of the heat exchanger shown in Fig. 15;

Fig. 17 is an enlarged cross-sectional view of the fin shown
in Fig. 16, which is taken along a line Al-Al of Fig. 16;

Fig. 18 is a plan view of a part of the fin shown in Fig;
16; and

Fig. 19 is a cross-sectional view of the fin shown in Fig.
s, . o

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments according to the present invention
will-be Qescribed with reference to the accompanying drawings.

Fig. 1 is a perspective view showing a general domestic air
conditioner. This type of air conditioner comprises an user side
unit (indoor unit) A which is disposed indoors, and a heat source
side_ﬁhit_(putdoor unit) B which is disposed outdoors, and both
the indoof unit A and the outdoor unit E are connected to each
other through a refrigerant pipe 300. Fig. 2 is a refrigerant
circuit diagram showing the refrigeration cycle of the air
conditioner shown in Fig. 1.

As shbwn in Fig. 2, the refrigerant circuit includes a
compressor 1 comprising a motor portion and a compressing portion

which is driven by the motor portion, a muffler for suppressing

M
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vibration and noises due to pulsation of refrigerant discharged
from the compressor 1, a four-way change-over valve 3 for
switching refrigerant flow in cooling/heating operation, a heat
exchanger at the heat source side (outdoor heat exchanger) 4, a
capillary.tube (expansion device) 5, a screen filter (strainer)
6, a heat exchanger at an user side (indoor heat exchanger) 7,
a muffler 8, an accumulator 9 and an electromagnetic opén/close
valve 10.

In Fig. 2, the flow direction of the refrigerant.discharged
from the compressor is selectively determined on the basis of one
of three modes (a cooling operation mode as indicated by a solid-
line arrow, a heating operation mode as indicated by a dotted-
line arrow and a defrosting operation mode as indicated by a
solid-line arrow with a dot in accordance with the switching
position of the four-way change-over valve 3 and the
electromagnetic open/close valve 10

In cooling operation, the outdoor heat exéhanger 4 serves
as a condenser, and the indoor heat exchanger 7 serves as an
evaporator. On the other hand, in heating operation, the indoor
heat exchanger 7 serves as a condenser, and the outdoor heat
exchanger 4 serves as an evaporator. In defrosting operation
(under heating operation), a parf of the refrigerant discharged
from the compressor 1 is directly supplied to the outdoor heat
exchanger 4 to increase the'temperature of +the outdoor heat

exchanger 4, whereby the temperature of the outdoor heat

L
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exchanger 1is increased to defrost the frosted outdoor heat
exchanger. If the defrosting operation as described above does
not work effectively (when the outside temperature is very low,
for ekample), the defrosting is forcedly performed by an inverse
cycleh defrosting operation (the refrigerant flows in the
direction és indicated by the solid-line arrow).

Fig,‘S is a diagram showing a control circuit for the air
conditioner of the present invention. The circuit diagram of Fig
3 is mainly divided into two diagrams at right and left sides
with-respect to a one-dotted line at the center thereof. The left
side diagram shows a control circuit for the indoor unit A
(hereinafter referred to as "indoor control circuit"), and the
right side diagram shows a control circuit for the outdoor unit
B (hereinafter referred to as "outdoor control circuith). Both
the indoor and outdoor control circuits are connected to each
other through a driving line 100 and a control line 200.

- The indoor control circuit for the indoor unit A.comprises
a-reétifying circuit 11, a motor power supply circuit 12, a
control poﬁer supply circuit 13, a motor driving circuit 15, a
switch board 17, a reception circuit 18a, a display board 18 and
a flap motor 19.

- The rectifying circuit 11 rectifies an alternating voltage
of 100V which is supplied from a plug 10a. The motor power supply
circuit 12 regulates a DC voltage supplied to a DC fan motor 16

to a voltage of 10 to 36V, and the DC fan motor 16 blows heat-

Il
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conditioned in accordance with a signal transmitted from a
microcomputer 14.

The control power supply circuit 13 generates a DC voltage
of 5V which is to be supplied to the microcomputer 14. The motor
driving circuit 15 controls a current supply timing to the coil
of a stator of the DC fan motor in response to a signal from the
microcomputer 14, the signal being transmitted on the basis of
rotational position information of the DC fan motor 16. The
switch board 17 is fixed to an operation panel of the indoor unit
A, and it is provided with an ON/OFF switch, a test driving
switch, etc. The reception circuit 18a receives various remote
control signals (for example, on/off signa;, cooling/heating
switch signal, room temperature signal, etc.). The display board
18 displays an operation status of the air conditioner. The flap
motor 19 operates to move a flap for changing the air flow
direction of cooled or heated air. -

The indoor control circuit is further provided with a room-
temperature sensor 20 for detecting the temperature in a room
(room temperature), a he&f-exchanger temperature sensor 21 for
detecting the temperature of the indoor heat exchanger, and a
temperature sensor 22 for detecting the humidity in a room (room
humidity)._Vaiues measured by these sensors are subjected to A/D

conversion, and then supplied to the microcompﬂter 14. A control

signal from the microcomputer 14 is transmitted through a serial
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~circuit 23 and a terminal board T, to the outdoor unit B.

The indoor confrol circuit is further provided with a Triac
26 and a heater relay 27. The Triac 26 and the heater relay 27
are controlled through a driver 24 by the microcomputer 14 to
stepwise control the power to be supplied to a heater 25 for re-
heating cooled air which is used in dry operation.

Reference numeral represents an external ROM in which
special data indicating the type and the characteristics of the

air conditioner are stored. These special data are read out from

the external ROM just after a power switch is input and the-

operation is stopped. When the power switch is input, detection
of input of a command from the wireless remote controller 60 and
detection of the status of the ON/OFF switch or test driving
switch (its operation will be described later) are not performed
until the read-out of the special data is completed.

Next, the control circuit for the outdoor unit B will be
described with reference to Fig.3.

The outdoor unit B includes terminal boards T'l,_T’; and T',
which are connected to terminal boards T,, T, and T, of the indoor
unit A, a varistor 31 which is connected to the terminal boards
T', and T', in parallel, a noise filter 32, a reactor 34, a
voltage doubler for doubling an input voltage, a noise filter 36,
and a ripple filter to obtain a DC voltage of about 280 V from
an AC voltage of 100V.

.In the outdoor unit B, reference numeral 39 represents a

if
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serial circuit for converting a contfol signal supplied from the
indoor unit A through the terminal T',, and the converted signal
is transmitted to the microcomputer 41. Reference numeral 40
represents a current detector for detecting current supplied to
a load in the outdoor unit B and a current transformer (CT) .33,
and rectifying the current into a DC voltage to supply the DC
voltage to a microcomputer 41. Reference numeral 42 represents
a switch power supply circuit for generating operation power of
the microcomputer 41, end reference numeral 38 represents a motor
driver which performs PWM control of the power to be supplied to
the compressor 1 on the basis.  of the control signal from the
microcomputer 41. The motor driver 38 has six power transistors
which are connected-to one another in the form of a three-phase
bridge to constitute an inverter unit. Reference numeral 43
represents a compreseor motor for driving the compressor“l of the
refrigeration cycle, and reference numeral 44 represents a
discharge-side temperature sensor for detecting the temperature
of the refrigerant at the discharge side of the compressor 1.
Referenee numeral 45 represents a fan motor whose rotational
speed is stepwise controlled in three stages and serves to the
outside air to the outdoor heat exchanger. The four-way change-
over valve 3 aﬁd the electromagnetic valve 10 are controlled to
switch a refrigerant passage of the refrigeration cycle as
described above. However, the switching operation of these

elements may be performed by using various manners.
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The outdoor unit B is further provided with a outdoor
temperature sensor 48 for detecting the temperature of the
outside which is disposed in the vicinity nf an air intake port,
and an outdoor heat-exchanger temperature sensor 49 for detecting
the temperature of the outdoor heat exchanger. Detection values
obtained by these temperature seneors 48 and 49 are subjected to
A/D conversion, and then transmitted td the microcomputer 41.

Reference numeral 50 represents an external.ROM having the
same function as the.external ROM 30 of the indoor unit A. Data
which are inherent to the outdoor unit B and similar to those
stored in the external ROM 30 are stored in the external ROM 50.
Reference character F in each of the indoor and’outdoor units A
and B represents a fuse.

- Each of the microcomputers (control meﬁpers) 14 and 41
includes a ROM which stores programs in edvance, a RAM which
stores reference data, and a CPUlfor operating:the programs in
the same housing (for example, 87Cl196MC (MCS-96 series) of Intel
Corporation Sales). -

'Next, the refrigerant used in the air conditioner will be
described in detail.

Both single refrigerant and mixture refrigerant may be used
~in the present invention. The following description is
representatively made when the mixture refrigerant is used in the
present invention. In this specification, "mixture refrigerant"

means refrigerant which is obtained by mixing two or more kinds

Re
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: of ref;igerant which have different characteristics.

For example, R-410A or R-410B is used as the mixture
refrigerant. R-410A is mixture refrigerant of two-components
system, and it is formed of 50Wt% R-32 and 50Wt% R-125. R-140A
has a boiliné point of -52.2°C, and a dew point of -52.2°C. R~
410B is formed of 45Wt% R-32 and 55Wt% R-125.

Wheﬁ.the mixture refrigerant as described above is used in
the refrigeréﬁt circuit, the discharge temperature of the
compressor is equal to 73.6°C for R-410A (66.0°C for HCFC-22),
the condensation preésure is equal to 27.30 bar for R-410A (17735
bar for HCFC-~22), and the evaporation.pressure is equal to 10.86
bar for R-410A (6.79 bar for HCFC-22). Accordingly, as compared
with the conventional single refrigerant of HCFC;22, the mixture
refrigerant (R~-410A) used in the present invention provides high
temperature and high pressure fo the whole refrigerant circuit.

| Further, when azeotropic mixture refrigerant formed of R-
410A and R-410B or the like is used, there is little wvariation
in fefrigerant composition because the boiling points of the
respective cbmponents are substantially equal to each other, so
that such a problem as "temperature glide" is not required to be
taken in consideration. Therefore, +the control under air-
conditioning operation can be easily performed.

The values shown in parentheses in the refrigerant circuit
of Fig. 2 represent the actual dimension of refrigeréntlpipes.

That is, in the refrigerant circuit of Fig. 2, the dimension of

i
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a refrigerant pipe between the four-way change-over valve 3 and
the indoor heat exchanger 7 is set to 3/8" (inch), the dimension
of a refrigerant pipe between the iﬁdoor heat exchanger 7 and the
screen filter (strainer) 6 is set to 1/4" (inch), the dimension
of a 'refrigefant pipe between the capillary tube 5 and the
outdoor heat exchanger 4 is set to 1/4" (inch), the dimension of
a bypass pipe of the outdoor heat exchanger 4 is set to 1/8"
(inch), the dimension of a refrigerant pipe between the four-way
Change—over valve 2 and the accumulator 7 is set to 3/8" or 1/2"
(inch), and the dimension of a refrigerant pipe between the four-
wéy change-over valve and the outdoor heat exchanger 4 is set to
3/8" (inch). The dimension of each of the réfrigerant pipes in
the refrigerant circuit is not limited to a specific wvalue,
however, the air conditioner (heat exchanger) having the highest
efficiency can be provided by setting the dimension of each of
the refrigerant pipes of the refrigerant circuit to the above
values in consideration of the relationship.with a refrigerant
pipe which is 1nserted 1nto the heat exchanger.

The heat exchanger of the present 1nvention is used as any
one of the heat exchanger at the user side (indoor heat
exchanger) 7 and the heat exchanger at the heat source side
(outdoor heat'exchanger) 4, however, the following description
is made particularly in the case where the heat exchanger of the
present invention is used as the indoor heat exchanger 7 which

needs a higher heat exchange efficiency from the viewpoint of an

|
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air flow amount. |

Fig. 4 shows a first embodiment of the heat exchanger
according to the présent in&ention.

As shown in Fig. 4, the heat exchanger 7 comprises many fin

members 81 which are arranged in a multilayer structure

(hereinafter referred to as "multilayered fin members"), and a

refrigerant pipe 82 which is inserted in the multilayered fin
members 81 so as to be arrénged in a meandering form.

In this embodiment, a pipe having a diameter of 7mm is used
as the refrigerant pipe, however,'the diameter of the pipe is not
limited to this value. For example, a pipe having a diameter of
9mm or the like may be used. As shown in Figs. 5 and 7, the pit&h
D of the meandered refrigerant pipe 82 is not limited to a
Specific value, however, in this embodiment, the pitch D is set
tp about 21mm because the highest heat exchange efficiency could
be experimentally obtained at this value.

In this embodiment, each fin member 81 is formed by
integrally fabrlcatlng two fins 8la and 81b into one fin having
a planar body as shown in Figs. 4 and 5. In other words, each fin
member 81 is formed by arranging two fins 8la and 81lb in parallel
as shown in Figs. 5 and 6. However, the fin member 81 may be
formed by a single plahar fin. These plural fin members 81 are
multilayered at a predetérmined interval so as to be arranged in

parallel to an air flow direction as indicated by an arrow A.

The fin member 81 is formed of material having excellent
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thermél conduction characteristics, such as aluminum.

The multilayered fin members 81 are arranged away from each
other at an interval (fin pitch) FP, and the fin pitch FP is
preferably set fo 1.2 to 1.7mm because this pitch range could
experimentally provide the most highest heat exchange efficiency.
Further, two train of pipe penetrating holes 84 through which the
meandered refrigerant pipe 82 penetrates are formed in the fins
8la and élb of each fin member 81 in its longitudinal direction
so that the arrangement of the refrigerant pipe 82 6n the fins
8la and 81b is wobbled in the longitudinal direction of the fin
member 81 as shown in Fi&. 5. Each pipe penetration hole 84 is
defined énd sectioned by each projecting portion 85, and the
height H of the projecting portién defines the fin pitch FP as
shown in Figs. 6 and 8.

The main feature of the present invention resides in that
the surface of each of the fins of the fin members is designed
to be corrugated in the air flow direction (as indicated by the
arrow A) as described iater, whereby the heat exchange efficiency
can be enhanced.

Fig. 6 is a cross—se;tional view of the fin member 81 used
in the heat exchanger of the first embodiment of the fin member
81. In this embodiment, three wavelike portions (corrugated
bortion) 86 are continuouslf formed in the air flow direction (in

the thickness direction of the fin) on the fin 8la (81b) as shown

in Fig. 6, and each wavelike portion has a triangular section.
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Here, the dimension of each part of the fin member 81 of
this embodiment will be described.

The width of each fin 8la, 81b is determined on the basis
of the balance between requirements for énhancement of the heat
exchahge efficiency and miniaturization of the fin design. In
this embodiment, fhe width of the fin 81la,81b is preferably set
to 18 to 19mm because this range could experimentally provide the
highest heat exchange efficiency. In this specification, "width"
means a dimension in the air flow direction to the fin (i.e., in
the direction as indicated by the arrow A).

Fig. 9 is a graph showing the relationship between the
temperature of air passing over the fin (on the ordinate axis of
Fig. 9) and the distance from the center of the refrigerant pipe
to the edge portion of the fin in the thickness direction thereof
(the half of the fin width) (on the abscissa axis of Fig. 9). As
is apparent from Fig. 9, the heat exchange efficiency is reduced
as tﬁe temperature difference between the surface of the fin and
the passing air is small. In Fig. 9, no further reduction in the
temperature of the passing air is expedted in an area which is
farther away from a pésition, TO0 because there is 1little
temperature difference between the fin temperature and the air
temperature in this area. Therefore, the distance from the center
of the refrigerant pipe to the position corresponding to the
temperature TO is preferably set to a half (S2) of the width of

the fin 81a,81b. If the fin width is smaller than the double of
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~ the distance S2 (for example, the fin width is set to the double
of a distance S1), the air temperature cannot be sufficiently
reduced. On the other hand, if the fin width is larger than the
double of the distance S2, the air passing over the fin has been
sufficiently reduced in temperaturé, and thus no further
enhancement of the heat exchange efficiency (reduction of the air
temperature) is expected even if the fin width is set to be
larger.

In this embodiment, the position TO is determined so that
the air temperature is reduced by 6°C, and the distance S2 at
this time is adopted. Further, the double of the distance S2 is
adopted as an effectivé width S (=18.19mm) of the fin 8la (fin
81b).

Next, the detailed structure of the wavelike portions
(corrugated portion) 86 formed on each fin 8la (81b) of this
embodiment will be described in detail.

As shown in Fig. 6, each fin 8la, 8lb having an effective
width S comprises a corrugated portion having a width W, and flat
edge portions 87 each having a width of Wl which are formed at
both edges of the fin to guide the flow of air in the thickness
direction of the fin. The corrugated portion having the width W
is trisectibned into three wavelike portions (projections) 86
each having a width W2.

In this embodiment, since the effective width S of each fin

is set to 18.19mm and the width W1l of each edge portion 87 is set
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to 0.8mm, the width W of the corrugated portion is set to 16.59mm
(= 18.19-— 0.8%2), and the width W2 of each wavelike portion 86
is set to 5.53mm (=16.59/3).

The height H1 of each wavelike portion 86 formed on the fin

is determined so that each wavelike portion 86 serves as a-

resistor against the flow of air to produce such a turbulent flow
enough tb break a temperature boundary layer occurring on the
fin. If the wavelike portions 86 are excessively high, a pressure
loss is excessively large, and thus the heat exchange efficiency
is rather lowered. The height Hl1l of thé wavelike portions 86 is
determined in consideration of the two conflicting conditions as
described above, that is, the height Hl1 is required to be set so
that a turbulent flow enough to break the témperature boundary
layer can be produced and at fhe same timelthe resistance to the
aif flow can be minimized. In order to satisfy this requirement,

according to this embodiment, the ratio of the height ﬁl of each’

wavelike portion 86 to the width W2 thereof (H1/W2) is set to 1/7

to 1/8 (i.e., Hl1l is set to one-seventh to one-eighth of W2).
Specifically, the heighp. H1l of the wavelike portion 86 is
preferably set to 0.5 to 1.0mm because it could experimentally
ﬁrovide the highest heat exchange efficiency, and more preferably
it is set to d.?mm. |
Since. the width W2 of each wavelike portion 86 is set to
5.53mm as described above, the dimensional ratio (H1/W2) of the

height H1 to the width W2 is set to about 1/8.

I
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The crest and trough of each wavelike portion 86 may be
rounded to facilitate the manufacturing process of the fins.

Next, the operation of the air conditioner using the heat
exchanger according to this embodiment will be described.

in coolihg operation, the four-way change-over valve 3 is
switched as indicated by the solid line, and the refrigerant
discharged from the compressor 1 is circulated through the
muffler 2, the four-way'change-over'valvé 3, the heat-source side
heat exchanger (outdoor heat exchanger) 4, the capillary tube 5,
the screen filter 6, the user-side heat exchanger (indoor heat
exchgnger) 7, the muffler 8, the four-way change-over valve 3 and
the accumulator 9 in this order in the refrigerant circuit. In
this case, the user-side heat exchanger 7 serves as an
evaporatPr, and the refrigerant is reduced in pressure by the
capillary tube 5.

On the other hand, in heating operation, the féur-way
change-over valve 3 is switched as indicated by the dotted line,
and thé.refrigerant discharged from the compressor is circulated
through the muffler 2, the four-way change-over valve 3, the
muffler 8, the user-side heat exchanger (indoor heat exchanger)
7, the screen filter 6, the capillary tube 5, the heat-source
side heat exchanger (outdoor heat exchanger) 4, the four-way
change-over valve 3 and the accumulator 9 in this order in the -
refrigerant.circuit. In this case, the heat-source side heat

exchanger 4 serves as an evaporator, and the refrigerant is
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reduced in préssure by the capillary tube.

In cooling or heating operation, the air is heat-exchanged
with the refrigerant passing in the refrigerant pipe by the
indoor heat exchanger 7 while blown'through the indoor heat
exchahger 7 by a fan. In this embodiment, the air is heat-
exchanged while passing through the gaps between the multilayered
fin membeis 81. | |

The air passing through the gaps bétween the fin members 81
- forms a turbulent flow having éuch strength that the temperature
boundary layer of air can be brbken, but the pressure loss is not
so large, so that a high heat exchange efficiency can be obtained
to enhance the air conditioning power of the air conditioner.

According to this embodiment, since the three wavelike
portions are formed_along the air flow direction on the fin of
.the heat exchanger, a turbulent flow enough to break the
temperature boundary layer can be formed, resulting in
enhancement of the heat exchange efficiency. In addition, the
turbulent flow thus formed does not excessively increase its
resistance to the air flow, and thus the pressure loss is not
increased. Therefore, the heat exchange efficiency of the whole
heat exchanger can be enhanced.

Furthermore, according to this embodiment, the width of the
fin is set to two to three times of the pipe diameter of the
refrigerant pipe, the width of each wavelike portion is set by

substantially trisectioning the fin width, and the height of the
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wavelike portion is set to one-seventh to one-eighth of the width
of the wavelike portion, whereby the heat exchange efficiency
based on the temperature difference between the air and the fin
in the heat exchange operation can be maximized, and at the same
time the fin width can be minimized.

Still furthermore, acéording to.this embodiment, the heat
exchanger as described above is used in an air conditioner.
Therefore, an air conditioner having a high heat exchange
efficiency can be provided, and the air-conditioning power can
be enhanced. Further, high-temperature HFC-based refrigerant can
be used as refrigerant particularly in the air conditioner as
described above.

Next, a second embodiment of the.heat exchanger according
to the present invention will be described with reference to
Figs. 10 to 15.

Fig. fO is a perspective view showing the second embodiment
of the heat exchanger of the present invention. As shown in Fig.
10, the heat exchanger of this embodiment comprises many fin
members 71 which are arranged in a multilayér structure on each
other, and the refrigerant pipe 82 is inserted in the
multilayered fin members 71 so as to be arranged in the
meandering form, like the fin members 81 of the first embodiment.

Like the first embodiment, a pipe having a diameter of 7mm
is used as the refrigerant pipe in this embodiment. However, the

diameter of the pipe is not limited to this value. For example,
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a pipe having a diameter of 9mm or the like may be used. As shown
in Figs. 11 and 13, the pitch D of the meandered refrigerant pipe
82 is not 1limited to a specific wvalue, however, in this
embodiment, the pitch D is set to about 21mm because the highest
heat éxchange éfficienby'could.be experimentally obtained at this
value.

Further, -in this embodiment, each fin member 71 is formed
by integrally fabricating two fins 7la and 7lb into one fin
having a planar body as shown in Figs. 10 and 11. In other words,
each fin member 71 is formed by arranging two fins 7l1a and 71b
in parallel as shown in Figs. 10 and 11. However, the fin member
71 may  be formed by a single planar fin. These plurallfin
members 71 are multilayered at a predetermined interval so as to
be arranged in paiallel to an air flow direction as indicated by
an arrow A.

. Tﬁe fin member 71 is formed of material having excellent
thermal conduction characteristics, such as aluminum.

The multilayered fin members 71 are arrangéd away from each
other at an intérval (fin pitch) FP, and the fin pitch FP is
preferably set té_l.z to 1.6mm because this pitch range could
experimentally provide the most highest heat exchange efficiency.
Further, two train of pipe penetrating holes 74 fhrough which the
meandered refrigerant pipe 82 penetrates are formed in the fins
71a and 71b of each fin member 71 in its longitudinal direction

so that the arrangement of the refrigerant pipe 82 on the fins
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71la and 71b is wobbled in the longitudinal direcfion of the fin
member 71 as shown in Fig. 11l. Each pipe penetration hole 74 is
defined and sectioned by each projecting portion 75 as shown in
Fig. 12, and the height H of the projecting portion 75 defines
the fin pitch FP as shown in Fig. 12.
. Fig. 12 is a cross-sectional view of the fin member 71 used

in the heat exchanger of tﬁe second embodiment. In this
embodiment, on each fin 7la (71b) are formed the wavelike
portions (corrugated portion) 76 in the air flow direction (in
'the thickness direction of the fin), and a flat portion 78
interposed between the wavelike portions 76 as shown in Fig. 12,
whereby the heat exchange efficiency is enhanced more.

Here, the dimension of eéch part of the fin mémber 71 of
this embodiﬁent will be described. |

The width of gach fin 71a, 71b is determined on the basis
of the balance between requirements for enhancement of the heat
exchange efficiency and miniaturization of the fin design. In
this embodiment, the width of the fin 71la,71b is preferably éet
to 18 to 19mm because this range could experimentally provide the
highest heat exchange efficiency.

As is apparent from Fig. 9, like the first embodiment, the
heat exchange efficiency is also reduced as the temperature
difference between the surface of the fin and the passing air is

small. As described in the first embodiment, no further reduction

in the temperature of the passing air is expected in an area
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temperature difference between the fin temperature and the air
temperature in this area. Therefore, in this embodiment, the
distance from the center of the refrigerant pipe to the position
correéponding to the temperature TO is also preferably set to
a half (S2) of the width of the fin 7l1a,7l1b. If the fin width is
smaller than the double of the distaﬁce S2 (for example, the fiﬂ
width is set to the double of a distance S1), the air temperature
cannot be sufficiently reduced. On the ofher hand, if the fin
width is larger than the double of the distance S2, the air
passing over the fin has been sufficiently reduced in
temperature, and thus no further enhancement of the heat exchange
efficiency (reduction of the air temperature) is expected even
if the fin width is set to be iarger.

" In this embodiment, the bosition TO is determined so that
the air temperature is reduced by 6°C, and the distance S2 at
this time is adopted. Further, the length which is double the
distance S2 is adopted as an effective width S (=18;19mm) of the
fin 71a (fin 71b). )

Next, the detailed structure of the wavelike portions
(corrugated portion) 76 formed on each fin 7lé (71b) of this
embodiment will be described.

As shown in Fig. 12, each fin 71a,71b having an effective
width S comprises a corrugated portion having a width W,.and flat

edge portions 77 each having a width of W1 which are formed at
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both edges of the fin to guide the'flow of air in the thickness
direction of the fin. The corrugatéd portion having the width W
includes two wavelike portions (projections) 76 each haﬁing a
width W2, and a flat portion ‘78 disposed between the wavelike
portidns 76.

The width W1l of the edge portion 77 is set to 0.8mm, for
example, and the width of the corrugated portion is set to 18.19-
0.8x2 = 16.59mm. |

As described above, two wavelike portions 76 and a flat
portion 78 disposed between the wavelike portions 76lare formed -
on the corrugafed portion. The width W3 of the flat portion 78
is set to a half value of the width W2 of each wavelike portion,
that is, W3=W2/2 because the above dimensiohal setting of each
part was experimentally proved to provide the highest heat
exchange efficiency.

Specifically, the width W2 of the wavelike portion is set
to 6.636mm, and the width W3 of the flat éortion 78 is set to
3.318mm.

Like the first embodiment, the height Hl1l of each wavelike
portion 76 formed on the fin is determined so that each wavelike
portion 76 serves as a resistor against the flow of air to
produce such a turbulent flow enough. to break a temperature
boundary layer occurring on the fin. If the wavelike portions 76
are excessively high, a pressure loss is excessively large, and

thus the heat exchange efficiency is rather lowered.
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The height H1 of the wavelike portion 76 is determined in
consideration of the two conflicting conditions as described
above, that is, the height H1 is required to. be set so that a
turbulent flow enough to break the temperature boundary layer can
be préduced and at the same time the resistance to the air flow
can be miqimized. In order to satisfy this requirement, according
to this embodimegt, the ratio of the height H1 of each wavelike
portion 96 to the width W2 thereof (H1/W2) is set to 1/8 to 1/9
(i.e., H1l is set to one-eighth to one-ninth of W2). Specifically,
the height Hl1 of the wavelike portion_76 is preferably set to 0.5
to 1.0mm because it could experimentally provide the highest heat
‘exchange efficiency, and more preferébly it is set to 0.8mm
(i.e., Hi/WZ is set to about 1/8).

| The crest and trough of each wavelike portion 76 may be
rounded to facilitate the manufacturing process of the fins.

The operation of the air conditioner using the heat
eXchanger according to this embodiment is identical to that of
the first embodiment, and the detailed description thereof is
omitted. N

In cooling or heating operation, the air is heat-exchanged
with the refrigerant passing in the refrigerant pipe by the
indoof heat exchanger 7 while blown through the indoor heat
~exchanger 7 by a fan. In this embodiment, the air is heat-
exchanged while passing through the gaps between the multilayered

fin members 71.
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forms a turbulent flow having such strength that the temperature
boundary layer of air can be broken, but the pressure loss is not
so large, so that a high heat exchange efficiency can be obtained
to enﬁance the air conditioning power of the air conditionef.

Particularly when HFC-based refrigerant is wused as
refrigerant, the refrigerant circuit is kept in a high-pressure
and high-temperature state. However, even in such a severe
condition, each of the indoor air and the outside air can be
sufficiently heat-exchanged by the heat exchanger.

Further, the flat portion 78 is provided between the
'~ wavelike portions 96, so that the fin members 76 drain well and
thus it.is hardly frosted.

According to +this embodiment, since the two wavelike
portions and the flat portion are formed along the air flow
direction on the fin of the heat exchanger, a turbulent flow
enough to break the temperature boundary layer can be formed, .
resulting in enhancement of the heat exchange efficiency. In
addition, the turbulent flow thus formed does not excessivelyv
increase its resistance to the air flow, and thus the pressure
loss is not increased. Therefore, the heat exchange efficiency
of the whole heat exchanger can be enhanced.

"According to this embodiment, the width of the fin is set
to two to three times of the-ﬁipe diameter of the refrigerant

pipe, the width of the flat portion is set to a half of the width
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of the wavelike portion, and the height of the wavelike portion
is set to one-eighth to one-ninth of the width of the wavelike
portion, whereby the heat exchange efficiency based on the
temperature difference between the air and the fin in the heat
exchaﬂge operation can be maximized, and at the same time the fin
width can be minimized.

Furthérmofe, according to this embodiment, the heat
exchanger as described above is used in an air conditioner.
Theréfore, an air conditioner having a high heat exchange
efficiency can be provided, and the air-conditioning power can
be énhanced. In addition, high-temperature HFC-based refrigerant
can be used as refrigerant particularly in the air conditioner
as described above.

Next, a third embodiment of the heat exchanger according to
the preéent invention will be described with reference to Figs.
15 to 19.

Fig. 15 is a perspective view showing the third embodiment
of the heat exchanger of the present invention. As shown in Fig.
15, the heat exchanger qf this embodiment comprises many fin
members 91 which are multilayered on each other (i.e., arranged
in a multilayer structure), and the refrigerant pipe 82 is
inserted in the multilayered fin members 91 so as to be arranged
in'the meandering form, like the fin members 81 and 71 of the
first and second embodiments. -

_Like the first and second embodiments, a pipe having a



-
&mRTmmmi

"

- 36 -
diameter of 7mm is used as the refrigerant pipe in this
embodiment. However, the diameter of the pipe is not limited to
this value. For example, a pipe having a diameter of 9mm or the
like may be used. As shown in Figs. 16 and 18, the pitch D of the
meandéred reffigerant pipe 82 is not limited to a specific value,
ho%éver, in this embodiment, the pitch D is set to about 21mm
because éﬁé- highest heat exchange efficiency could be
experimentaliy obtained at this wvalue.

Further, in this embodiment, each fin member 91 is formed
by integrally fabricating two fins 91a and 91b into one fin
having a planar body as shown in Figs. 16 and 17. In other words,
each fin member 91 is formed by arranging two fins 9la and 91b
in parallel as shown in Figs. 16 and 17. However, the fin member
91 may be formed by a single planar fin. These plural fin
members 91 are multilayered at a predetermined interval so as to
be:arranged in parallel to an_air flow direction as indicated by
an arrow A. |

The fin member 91 is formed of material having excellent
fhermal cohduction characperistics, éuch as aluminum.

The multilayered fin members 91 are arranged away from each
other at an interval (fin pitch) FP, and the fin pitch FP is
preferably sef to 1.2 to 1.8mm because this pitch raﬁge could
experimentally provide the most highest heat exchange efficiency.
Further, two train of pipe penetrating holes 94 through which the

meandered refrigerant pipe 82 penetrates are formed in the fins
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9la and 91b of each fin member 81 in its longitudinal direction
so that the arrangement of the refrigerant pipe 82 on the fins
9la and 91b is wobbled in the longitudinal direction of the fin
member 91 as shown in Fig. 16. Each pipe penetration hole 94 is
definéd and éectioned by each projecting portion 55, and the
height H of the projecting portion 95 defines the fin pitch FP
as showg iﬁ Figs. 17 and 19.

Fig. 17 is a cross-sectional view of the fin member 91 used
in the heat exchanger of +the third embodiment. In this

embodiment, on each fin 9la (91lb) are formed tho wavelike

portions (corrugated portion) 96 in the air flow direction (in

the thickness direction of the fin), and a flat portion 98
interposed between the wavelike portions as shown in Fig. 17. The
crest portion of each wavelike portion is flattened, and thus the
wavelike portion has a trapezoidal section, whexreby the héat
exchange efficiency is enhanced more. In this sense, the wavelike
portion 96 of the third embodiment is hereinafter referred to as
"trapezoidal wavelike portion"). Each trapezoidal wavelike
portion 96 comprises two_(right and left) ramp portions (slant
 rise-up portions) 96a and an upper flat portion 96b between the
ramp portions 96a.

Accordingly, the main difference between the second and

third embodiments resides in that the crest portion of each

wavelike portio is flattened in the third embodiment.

Here, the dimension of each part of the fin member 91 of

i
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this embodiment will be described.

The width of each fin 91a, 91b is determined on the basis
of the balance between requirements for enhancement of the heat
exchange efficiency and miniaturization of the fin design. In
this émbodiment, the width of the fin 91a,91b is preferably set
to 18 to 19mm because this range could experimentally provide the
highest heat exchange efficiency.

As-is_apparent from Fig. 9, like the first aﬁd second
embodiments, the heat exchange efficiency is also reduced as the
temperature difference between.the surface of the fin and the
passing air is small. As described in the first and second
embodiments, no further reduction in the temperature of the
passing air is expected in an area which is farther away from a
position TO because there is little temperature difference
between.the fin temperature and. the air temperature in this area.
Therefore, in.the third embodiment, the distance from the center
of the refrigerant pipe to the-position corresponding to the
temperature TO0 is also preferably set fo a half (S82) of the
width of the fin 91a,91b. If the fin width is smaller than the
double of the distance S2 (for example, the fin width is set to
the double of a distance S1), the air temperature cannot be
sufficiénfly reduced. On the other hand, if the fin width is
larger than the double of the distance S2, the air passing over
the fin has been sufficiently reduced in temperature, and thus

no further enhancement of the heat exchange efficiency (reduction

(m
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of the air temperature) is expectea even if the fin width is set
to be larger.

In this embodiment, the position TO is determined so that
the air temperature is reduced by 6°C, and the distance S2 at
this £ime is adopted. Further, the length which is double the
distance S2 is adopted as an effective width S (=18.19mm) of the_
f£in 91la (£in 91b). |

Next, the detailed structure of the trapezoidal wavelike
portions (corrugated portion) 96 formed on each fin 91a (91b) of
this embodiment will be described.

As shown in Fig. 17, each fin 91a,91b having.an effective
width S comprises a corrugated portion having a width W, and flat
edge portions 97 each having a width of Wl which are formed at
both edges.of the fin to guide the flow of air in the thickness
direction of the fin. The corrugated portion having the width W
includes a left ramp portion 96a, two trapezoidal wavelike
portions (projections) 96 each having a width W2, a flat portion
98 disposed between the trapezoidal wavelike portions and a right
ramp portion 96a. . )

The width W1l of the edge portion 97 is set to 0.8mm. The
edge portion 97 is formed to have the same shaﬁe as a half
portion of the-upper flat portion 96b of the trapezoidal wavelike
portion 96, and it is disposed at a height H1 from the flat
portion 98.

The width W5 of the ramp portion 96a and the width W3 of the
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upper flat portion 96b are equal to each other, and the width W4
of the flat portion 98 is set to be double as large as W5 or W3
(i.e., W4 = 2W5 or 2W3). The width W2 6f the trapezoidal wavelike
portion 96 is equal to (W3 + 2 x W5) = 3xW3 (or 3xW5). The above
dimenéional setting of each part was experimentally proved to
provide the highest heat exchange efficiency.
Spécif_:i.cally, the width W2 of the trapezoidal wavelike
portioﬁ ié set to 4.1445mm, the width W3 of the upper flat
portion 96b is set to 1.3815mm, the width W4 of the flat portion
98 is set to 2.7636mm; and the width W5 of the ramp portion 96a
is set to 1.3815mm.
Like the first and second embodiments, the height H1 of each
tfapezbidal wavelike portion 96 formed on the fin is determined
so that each wavelike portion 96 serves as a resistor against the
flow of air to pfoduce such a turbulent flow enough to break a
temperature boundary layer occurring on the fin. If the
trapezoidal wavelike portions 96 are excessi#ely'high, a pressure
loss is excessively large, and fhus the heat exchange efficiency
is rather lowered. The height H1 of the trapezoidal wavelike
portion 96 is determined in consideration of the two conflicting
conditions as described above, that is, the height Hl is required
to be set sé that a turbulent flow enough to break the
temperature boundary layer can be produced and at the same time
the resistance to the air flow can be minimized. In order to

satisfy this requirement, according to this embodiment, the ratio
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of the height Hl of each trapezoidal wavelike bortion 96 to the
width W2 thereof (H1/W2) is set to 1/4 to 1/5 (i.e., Hl is set
to one-fourth to one-fifth of W2). Specifically, the height Hl
of the trapezoidal wavelike portion 96 is preferably set to 0.3
to O.Qmm because it could experimentally provide the highest heat
exchange efficiency, and more preferably it is set to 0.6mm.

Since the width W2 of each trapezoidal wavelike portion 96
is set to 4.1445mm as described above, the dimensional ratio
(H1/W2) of.the height H1 to the width W2 is set to about 1/5.

' The crest and trough of each trabezoidal wavelike portion
96 may be rounded to facilitate the manufacturing process of the
fins.

The operation of the air conditioner using the heat
exchanger according to this embodiment is identical to that of
the first embodiment, and the detailed description thereof is
omitted.

In cooling or heating operation, the air is heat-exchanged
with the refrigerant passing in the refrigerant pipe by the
indoor heat exchanger 7_whilé blown through the indoor heat
exchanger 7 by a fan. In this embodiment, the air is heat-
exchanged while passing through the gaps between the multilayered
fin members 91;

The air passing through the gaps between the fin members 91
forms a turbulent flow having such strength that the temperature

boundary layer of air can be broken, but the pressure loss is not
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so large, so that a high heat exchange efficiency can be obtained
to enhance the air conditioning power of the air conditioner.

Particularly when HFC-based refrigerant is ﬁsed as
refrigerant, the refrigerant circuit is kept in a high-pressure
‘and 'high-temperature state. However, even in such a severe
. condition, each of the indoor air and the outside air can be
sufficiently heat-exchanged by the heat exchanger.

Fﬁftber, the crest portion of fhe trapezoidal wavelike
portion 96 .and the +trough portion between the trapezoidal
wavelike portions-96 are designed in the flat shape, so that the
fin members 96 drain more sufficiently than the second
embodiment, and thus it is more'hard;y frostedf

According to this embodiment, since the two trapezoidal
wavelike portions and the flat portion . are formed along the air
flow direction on the fiﬁ of the heat exchanger, a turbulent flow
enough to break the temperature boundary layer can be formed,
resulting in enhancement of the heat exchange efficiency. In
addition, the turbulent flow thus forméd does not excessively
increase its resistance to the air flow, and thus the pressure
loss is not increased. Therefore, the heat exchange efficiency
of the whole heat exchanger can be enhanced.

Fui:'ther, -the crest portion of the trapezoidal wavelike
portion 96 and the trough portion between the trapezoidal
wavelike portions 96 are designed in the flat shape, so that the

fin members 96 drain well and thus it is hérdly frosted.
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According to.this embodiment, the width of the fin is set
éo two to three times of the pipe diameter of the refrigerant
pipe, the width of the flat portion is set to a half of the width
of the trapezoidal wavelike portion, and the height of the
trapeéoidal wavelike portion is set to one-fourth to one-fifth
of the width of the trapezoidal wavelike portion, whereby the
heat exchénge efficiency based on the temperature difference
between the air and the fin in the heat exchange operation can
be maximized, and at the same time the £fin width can be
minimized.

Furthermore, according to +this embodiment, the heat
exchanger as described above is used in an air conditioner.
Therefore, an air conditioner having a high heat exchange
efficiency can be provided, and the air-conditioning power can
be enhanced. In addition, high-temperature HFC-based refrigerant
can be used as refrigérant particularly in the air conditioner
as described above.

In the embodiments as described above, the present invention
is applied to the air conditioner. However, the present invention
is applicable to other types of machines, for example, a

refrigerating machine such as a refrigerator or the like.

i
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WHAT IS CLAIMED IS

1. A heat exchanger comprising a number of multilayered
fins, and a refrigerant pipe which is inserted in said
multilayered fins so as to be arranged in a meandering form, said
hea;..exchanger performing heat ezchange between air and
refrigerant +to perform cooling and/or heating operation,
characterized in that each of said fins has a corrugatéd portion
formed in an air-flow direction thereon, said corrugated portion
having at least two wavelike portions for producing a turbulent
flow of air with which a temperature boundary layer of the air
is broken, but resistance against to the air flow is minimized.

2. The heat exchanger as claimed in claim 1, wherein said
corrugated poftion comprises three“wavelike portions which are-
formed .in tﬁe airxr flow direction on each of said fins, each
wavelike portion having a substantially triangular éection.

3. The heat exchanger as claimed in claim 2, wherein the
width of each of said fins is set to two to three times of the
pipe diameter of said refrigerant pipe, the width of each
wavelike portion is set'hy'substantially trisectioning the fin
width, and the height of said_wavelike-portion is set to one-
seventh to one-eighth of the width of said wavelike portion.

4. The heat exchanger as claimed in claim 1, wherein said
corrugated  portion comprises two wavelike portions which are
formed in the air flow direction on each qf said fins, and a flat

portion interposed between said wavelike portions, each of said
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trapezoidal wavelike portions having a substantially triangular
section.

5. The heat exchanger as claimed in claim 4, wherein the
width of each of said fins is set to two to three.times of the
pipe aiameter.of said refrigerant pipe, the width of said flat
portion is set to a half of the width of said wavelike portion,
and the height of said wavelike portlon is set to one-eighth
to one-ninth of the width of said wavelike portion

6. The heét e#changer as claimed in claim 1, wherein said
corrugated portion comprises two trapezoidal wavelike portions
which are formed in the air flow direction on each of said fins,
and a flat portion interposed between said trapezoidal wavelike
portions, each of said trapezoidal wavelike portions having a
substantially trapezoidal section.

7. The heat exchanger as claimed in claim 6, wherein the
width of each of said fins is set to two to three times of the
pipe diameter of said refrigerant pipe, the ratio_of the width
of said flat portion to the width of said trapezoidal wavelike
portion is set to 2/3, _and the height of said traﬁezoidal
wavelike portion is set to one-fourth to one-fifth of the width
of said trapezoidal wavelike portion.

8. An air conditioner in which refrigerant is circulated
in a refrigerant circuit comprising.a compressor, a user-side
heat exchanger, an expanéion device and a heat-source side heat

exchanger, characterized in that at least one of said user-side
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heat exchanger and said heat-source side heat exchanger comprises
a number of multilayered fins, and a refrigerant pipe which is
inserted in said multilayered fins so as to be arranged in a
meandering form, and each of said fins has a corrugated portion
formea in an air-flow direction thereon, said corrugated portion
having at least two wavelike portions for producing a turbulent
flow of air with which a temperature boundary layer of the air
is broken, but resistance against to the air flow is minimized.

9. The air conditioner as cléimed in claim 8, wherein said
corrugated portion comprises three wavelike portions which are
formed in the air flow direction on each of said fins, each
wavelike portion having a substantially triangular section.

10. The air conditioner as claimed in claim 9, wherein the
width of each of said fins is set to two to three times of the
pipe diameter of said .refrigerant pipe, the width of each
wéveiike portion is set by substantially trisectioning the fin
width, and the height of said wavelike bortion is set to one-
seventh to one-eighth of the width of said wavelike portion.

11. The air conditioner as claimed in claim 8, wherein said
corrugated portion comprises two wavelike portions which are
formed in the air flow direction on each of said fins, and a flat
portion interpbsed between said wavelike portions, each of said
trapezoidal wavelike portions having a substantially triangular
section.

12. The air conditioner as claimed in claim 11, wherein the
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width of each of said fins is set to two to thréeltimes of thé
-pipe diameter of said refrigerant pipe, the width of said flat
portion is set to a half of the width of said wavelike portion,
and the height of said wavelike portion is set to one-eighth
to one-ninth of the width of said wavelike portion

13. The air conditioner as claimed in claim 8, wherein'said
corrugated .portion comprises two trapezoidal wavelike portions
which are formed in the air flow direction on each of said fins,
and a flat portion interposed between said trapezoidal wavelike
_portions, each of said trapezoidal wavelike portions having a
substantially trapeéoidal section.

14. The air conditioner as claimed in claim 13, wherein the
width of each of said fins is set .to two to three times of the
pipe diameter of said refrigeranf pipe, the ratio of the width
of said flat portion to the width of said trapezoidal wavelike
portion is set to 2/3, and the height of said trapezoidal
wavelike pdrtion is set to one-fourth to one-fifth of the width
of said trapezoidal wavelike portion.

15. A heat exchanger comprising:

a first passage through which a first fluid flows;

a second passage through‘which a second fluid flows;
and |

a heat-exchange mediating member which is interposed
between said first passage and said second passage so that  the

first fluid flows while brought into contact with said heat-
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exchange mediating member, and serves to mediate therethrough
heat exchange between the first fluid flowing in said first
passage. and the second fluid flowing in said second passage,
thereby controlling heat transfer between the first fluid and the
second fluid, wherein said heat-exchange mediating member has
fluideflqw resistive projections which are arranged in such a
preaetermined regular formation as to produce a turbulent flow
of the first fluid with which a.temperature boundary layer of
the first fluid is broken, but resistance against to the first

fluid flow is minimized.



