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" ATR CONDITIONER

«  BACKGROUND OF THE INVENTION

1. 'Field:of'the in#ention

The lnventlon relates to an air conditioner capable of .

reducxng noise produced during rotation of a cross flow fan

- thereof.

2. Descrlptlon of the Conventional Art

'Flgures 6 to 9 are diagrams show;ng a conventlonal air

' condltloner dlSClOSGd ln, e.g., Japanese Eatent Unexamlned

' Publlcatlon'Hel—3531624/(1991).

In these figures, reference numeral 1 designates an air

conditioner body, which is of a wall type; 2, a heat exchanger

dispoSed'within the air conditioner bodY.l} and 3, a cross flow

fan dlsposed in parallel to the heat. exchanger 2 inside the .

body 1. The air conditioner body 1 draws air in a room from an

inlet 4-by rotatlpn of the cross flow fan_3, heat-exchanges the

air by passing the air through the heat exchangef 27 and blows

“out into the room from an outlet 5. The heat exchanger 2.

includes alplurality of juxtaposed fins 6 and coolant pipes 7

- passing thr?ugh the plurality of fins 6. The diawﬁfair threads

its way through the_coolant pipes 7 among the plurality of
juxtaposee fins 6. On an edge portion of the fin 6 closest to
the cross flow fan 3 is a bend portion 6a fdrﬁed by pressing
the same'pertion.to right and left in & olanar dlreCLlOﬂ of st:

fin 6 as shown in Figure 7..
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. The operation of the air conditioner will be described

next. The air drawn from the inlet 5 by the rotation of the

cross flow fian 3 enters into the cross flow fan 3 after passing

fhrough the heat'exchangér 2. A vortex 8 such as shown in
Figure 8 is produced on the downstream side of each coolant
piée 7. As a .result, the wind speed of the air immediately
aftef the heat exchanger 2 drops localiy at each vortex 8 as
sﬁown in Figure 9. When the vortex 8, which marks a local drop
in the wind speed, has entered the cross flow fan 3, tﬁere is
a_cﬁange in_lift.gehe;atéd at each blade of the cross flow fan

3 to cause pressure pulsation, which in turn causes noise

during rotation of the cross flow fan (the noise being a

component whose frequency £ = n x N x %, where n is an integer
and N is the number of blades).
ﬂﬁﬁbwéig;; since the conventional air conditioner has the
bent potion 6a on the fan 6, the air 9 flowing through the bent
portion 6a goes behind the coolant pipe 7, suppressing the
vortexes 8 adjacent to the bent portion 6a. This causes a
length L of each vortex 8 to be reduced to La, impeding the
vortexes 8 from entering into the croés flow fan 3. 2&s a
result, the‘noise during the rotation of the cross flow fan 3
can be reduced.
To reduce the noise during the rotation of the cross flow
fan 3 in the thus constructed air'_conditioner, the hsat

exchanger 2 and the cross flow fan 3 must be separatec by at

least a distance Lz, which is the length of the reduced wortex
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-8.-aTherefp:e,“$nch distance has been the smallest possible

distance between the heat.exchanger 2 and the cross flow fan 3
to make the alr ‘conditioner thin. The making of the air
conditloner thln by putting both components 2, 3 closer to each

other than that aggravates the no;se during the rotatlon of the

“cross flow fan 3.

" SUMMARY OF THE INVENTION
The 1nventlon has been made to overcome the above-mentioned
problem. .Accordlngly, an object of the invention-is to prov1de
an air condltloner 1n which noise durlng ‘the rotation of the
cross flow fan can be reduced while achieving the thin
structure of the air condition even if the heat. exchanger and
the cross flow fan are arranged close to each other.

To achiéve the above object, the invention is applied to an
air conditioner, in which bent portions are provided at edge
portions of a:plurality of fins jﬁxtaposed on a heat exchanger
respectivély;. Each bent portion is;located at an edge portion
near a cross flow fan. The edge portion is of a coolant pipe
of the heat exchanger on the side of the cross flqw fan. The
bent portio?s are formed by bending the edge pdtt;;té'so as to
be in parallel to the coolant pipe and staggered along the
length of the coolant pipe.

Further, the invention is applied to an air conditioner, in
which a baffle plate is provided on edge portions, instead of
the staggering bent portions. The baffle plate is formed by
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integrating a plurality of small plates. The small plates are
'sféggereﬂ albng.the length of the coolant.pipe.

In the;invention, vortexes produced on the side of the
cross flow fan of the coolant pipe are deflected in accordance
with the distance and shape of the staggering bent portions.
That ié, the position at which each'vortex'enters the cross
flow fan can be changed by ghanging the distance and shape of
each bent portion. Therefore, a noticeable noise reduction
during the rotation of the cross flow fan can be implemented by
opfimizing'the distance between vortexes in function_ of the
number of blades.

 The above function can similarly exhibited when a baffle

_plate is used in place of the bent portions.

BRIED DESCRIPTION OF THE DRAWINGS

Figure 1 is a longitudinal sectional diagram showing an air
‘conditioner, which is an embodiment of the invention;

Figure 2 s a perspective view showing the main portion of
a heat exchanger of the embodiment;

Figure 3 is a diagram showing in detail vortexes of air
produced bx a coolant pipe in the embodiment;

Figures 4A to 4D are diagrams showing sound pressure levels
in the embodiment}

Figure 5 is a perspective view showing an air conditioner,

which is another embodiment of the invention;
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Figure 6 1is a longitudinal sectional viéw showing a
conventional air conditioner; '

Figure 7 is an enlarged perspective view of a bent section
of the fin shown in Figure 6;

Figure 8 is a detailed.diagram showing vortexes of air
produced by caolant piées ig:the cohventional air conditioner;
and

Figure 9 is a diagram showing a speed distribution of air
immediately;after the air has passed through the heat exchanger

in the conventional air conditioner.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the invention will be described with
reference to the drawings.

In Figures 1 to 3, reference numerals 1 to 7 designate the
same components as those in the conventional air conditioner.
Reference numeralslﬁb ahd 6c designate an upper side benf
porti;n and a ipwer side bent portion provided on each of
fins 6.

The upper side bent portion 6b and the lower side bent
portion 6c|are arranged dn an edge poriion of each of the

plurality of fins 6. The edge portion is close to the cross

flow fan 3 and faces the cross flow fan 3 along‘the cooclant

(1))

pipe 7. As shown in Figure 2, the bent portions 6b, 8c er

disposed in two groups, respectively. Each group consists of
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three portions and is staggered along the:iength of the coolant
pipe 7. |

The operatlon of the air conditioner of the invention will
be described next. The air drawn erm-the inlet 4 by the
rotation of the cross flow fan 3 passes through the heat
exchanger 2. Vortexes 8 of the air:prodﬁ§Ed on the side of the
cross flow fan 3 of the coolant pipe- 7 becomes as shown in
Figure 3. That is, the air threadlng 1ts way through each fin
6 having.an upper bent portion 6b foxrms a downward vortex 8b
tﬁat is defleéted downward relative té-ihe coolant pipe 7 as
shown by the broken line, whereas thé:air threading its way
through'each f;n 6 having a ldwefhbénaing portion 6c forms an
upward vorte# 8c that is deflected upward relative to the

coolant pipe 7 as shown by the solid line. The downward vortex

8b and the upward vortex 8c are forme& repetitively along the

length of the coolant pipe 7 at a pitch'P équal to the pitch
between the group of upper bent portions 6b and the group of
lower bent po?tions 6c shown in Figuréaz.

Figures 4A to 4D are timé charté showing noise during the
rotation of the cross flow fan 3 produced by 1nter;erence
between the upper vortex portion 8c and a blade 1l0a as well as
between th; 10wer vortex portion 8b and a blade 10b. The
blades 10a, 10b are fwo neighboring blades of the cross flow
fan 3. |

The noise during the fot;tion is éréduced in the fcllowing

way by interference betwsen the blades and the vortexes. When .
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each blade starts interfering with the corresponding vortex as
the cross flow fan 3 rotates, the flow velocity of the vortex
is decreased with time. This causes the angle of incidence of
the flow of the incoming vortex relative to the blade to
increase with time, causing a change in 1lift in the positive
direction. When each blade passes by the portion at which the.
flow velocity of the corresponding vortex becomes lowest as the
cross flow fan 3 has further rotated, the flow velocity of the
vortex relative to the_ blade starts increasing with time,
~-causing the relative angle of incidence to decrease with time.
This in turn causes a change in éressﬁre in the negative
direction. h |
Therefore, as shown in Figures 4A to 4D, each time chart
shows a change in sound pressure from positive values to
negative values with respect to the time axis. Figure 4A shows
a change in sound pressure due to interference between the
blade 10a and the downward vortex 8b. Figure 4B shows & change
in sound produced due to interference between a portion
neighboring the blade 10a in the axial direction and the upward
vortex 8a, the blade 10a having inte:ﬁﬁﬁgd with the downward
vortex 8b }n Figure 4A. If the tiﬁe at which the.maximum
positi#e sound pressure is produced in the case of Figure 4B is
synchronized with the time at which the maximum negative sound
pressure is prdduced in the case of Figure 43, the produced
sound pressure is canceled due to interference betwesn both

sounds. ‘A time difference t;, is substantially egual to
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EO:Im /(WDN), where I, is the distance bétween the position at.
which the upward vortex Bc enter ﬁhe cross flow fan 3 and the
position atiwhich the downward vortex 8b enter the cross flow
fan 3, i.e.,ﬂthé distance betwéen_the:VOrtexes; and N is thé
number . of revolutions (rpm). The interference sound can be
réduéed to a significant degree by changing the distance
between the upper bent portion 6b and the lower bent portion 6c

as well as the shape thereof.

Figures 4C and 4D.éhow changes in sound pressure produced
by interference between the blade 1bb and the downward vortex

_Bb and between the blade 10b and the upward vortex 8c, the
blade 10b being located after the blade 10a. As in Flgures 4AH
and 4B, the produced noise similarly decays if the distance
between vortexes I, is optimized. Furthermore, the sound
derived from the negative sound pressure of Figure 4B and the
sound derived from the positive sound pressure of Figure 4C can
also be r;duced by optimizing the relationship between the
number of blades ;nd the distance between vortexes I, so that
the interference sound between the blade 10a and the upward
vortex 8c is in phase with the interference sound between the
blade 10b a?d the 30wnward vortex 8b.

As described above, the vortexes 8b, Bc are deflected in
accordance with the distance between the bent portions 6b, 6c
and the shape thereof in the embodiment. Thus, the positions
at which the vortexes 8b, 8c enter the.cross flow fan 3 are

optimized so as to match the number cf blades.
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That is, the bent portions 6b, 6c in ﬁhe embodiment are
designed so that the interference sound between the blade 10a
and the vortex 8b, the interference sound between the blade 10a
and the vortex 8c, the:interference sound between the blade 10b
and the vortex 8b, apd_the intefferencé sQund between the blade
10b and the vortex 8c are 180° out of phase. As a result,
according to the air conditioner of the invention, tﬁe noise
due to the rotatiOn.cf the cross flow fan can be reduced
greatly. -

While each of the bent portions 6b, 6c is provided on an
:edge éortion of a fin 6 so as to staégeft the same advantage
canlbe obtained b& mounting such a baffle plate as shown in
Figure 5. That is, the baffle plate is formed integrally while
_ staggering a plurality of small piates 1la in the longitudinal
direction of the coolant pipe 7. Further, while each of the
bent portions 6b, 6c is provided on an edge portion of a fin 6
in the above embodiment, the same advantage may also be
prov1ded.Ly arranging projections lnstead of the bent portions.

As described in the foregoing pages, with the featured
‘construction of the air conditionér_df the invention, noise
reduction during the rotatioa of the cross flow fan can be
achieved even if the air conditioner is made thin in structure

by locating the heat exchanger close to the cross flow fan.
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WHAT TS CLAIMED Is- '

l. An air conditioner comprlsing a cross flow fan and a
heat exchaqger,;said heat exchanger being located near and in
thé upstréarﬁ side of said croés f.l.ow fan so as to be in
.paraliel_ to said cross flow fan, said air conditioner
introdﬁCing air from an'iniét thereof by fotation of said cross
.fflow fan, said air belng subjected to heat exchange at said
. heat exchanger and belng then blown out of an outlet of said
_alr condltloner; whereln

| bent portibns_ére_provided at edge portions of a plurality
'pf'fins”juxtapdsed on said heat exchangér, respectively, each
bent ﬁbrtion béiné locéted at an edge portion near said cross
flow fan, said edge portion being of a coolant pipe of said
heét ekchanger on the side of the cross flow fan, said bent
:portioﬁé'being'fofmed by bending the edge portions so as to be
tln parallel to the cooTant plpe and being staggered along the
B length o; the coolant plpe ” R

2. ~An air cond;tloner comprising a cross flow fan and &
heat exchangér; said heat exchanger being located near and in
‘the upét:eanx_side of said cross _flow fan so as to be in
parallel to _séid cross flow fan, said air conditiénét
LntroduCLng alr from an inlet thereof by rotation of said cross
flow fan, said air being subjected to heat exchange at said
heat exchanger and being then blown out of an outlet of said

air conditioner; wherein
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a baffle plate is provided on edge portions, the edge
portions not only being of a plurality of fins juxtaposed on
" the heat exchanger and near the cross flow fan, but also being
of a ccoiaht pipe of the heat exchanger oﬁ-the side of the
cross flow fan, said baffle plate beinq formed by integrating
a plurality of small plates, said small plates being staggered

along the length of the coolant pipe.

3. An air conditioner comprising:

a cross flow fan disposed.in an air conditioner body;

a heat exchanger disposed in parallel to said cross flow
fan, said héat.exchanger inclﬁding a plurality of juxtaposed
fins and a plurality of coolant pipes passing through said
fins, said heat exchanger carrying out heat exchanging by
‘rotation of said cross flow fan;

upper air flow deflecting means, provided at edge portions
of said juxtaposed fins of said heat exchanger, for deflecting
air flow to form a downward vorféx;

lower air flow deflecting means, provided at edge portions
of said juxtaposed finshgghsaid heat exchanger, for deflecting
air flow tq form a up&ard vortex;

wherein said first and second aif flow deflecting means are
repetitively formed in parallel. té said coolant pipe and

staggered along the length of said coolant vipe.
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_ 4, An air conditioner as claimed in claim 3, wherein
.first sound pressure is generated by interference between a
blade of sqld cross flow fan and said downward vortex due to
said upper air flow deflectlng means and second sound pressure
is generated by interference between said blade and said upward
Vortex due to said lower air flow deflecting means, seld first
and second .sound pressures are reversed in phase thereby

produced sound is canceled.

5. An air conditioner as claimed in claim 3, wherein
first sound pressure is generated by interference between a
"blade of said cross flo; fan and sald downward vortex due to
 said upper air flow deflecting means and third sound pressure
.is generated by interference between a.succeeding blade of said
blade and said upward vortex due to said lower air flow

deflecting means, said first and third sound pressures are

reversed in phase thereby produced sound is canceled.

6. An air conditioner substantially as herein described . --...
with reference to Figures 1 to 4D or Figure 5 of the accompanying

drawings.
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