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AIR CONDITIONER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to an air conditioner capable of 
. ·.-·-.:.~:~ . ·::::: 

reducing noise produced during rotation of a cross ·£low fan 

thereof. 

2. Description of the Conventional Art 

Figures 6 to 9 ·are diagrams showing a conventional air 
. . . . . '. 

conditioner disclosed in, e.g., Japanese Patent Unexamined 

Publication Hei-3-31624/(1991). 

In these f~gures, reference numeral 1 designates an air 

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

disposed within the air conditioner body 1; and 3, a cross flow 

fan disposed 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 rotation o'.( the cross flow fan 3, heat-exchanges the 

air by passing the air through the heat exchanger 2 r and blows 

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

includes a plurality of juxtaposed fins6 and coolant pipes 7 

passing through the plurality of fins 6. The drawn air threads 
I 

its way through the coolant pipes 7 among the plurality of 

juxtaposed fins 6. On an edge portion of the fin 6 closest to 

the cross flow fan 3 is a bend portion 6a formed by pressing 

the same portion to right and left in a planar directio~ of t~e 

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 r·otation of the 

cross flow ~an 3 enters into the cross flow fan 3 after passing 

through the heat exchanger 2 . A vortex 8 such as shown in 

Figure 8 is produced on the downstream side of each coolant 

pipe 7. As a .result, the wind speed of the air immediately 

after the heat exchanger 2 drops locally at each vortex 8 as 

shown in Figure 9. When the vortex 8, which marks a local drop 

in the wind speed, has entered the cross flow fan 3, there is 

a change in lift generated 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 f = n x N x Z, where n is an integer 

and N is the number of blades). 

-· ... -Yili:;w~"-Ve,:t=; 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, impecing the 

vortexes 8 from en:tering into the cross flow fan 3. 1-.s a 

result, the noise during the rotation of the cross flow fan 3 
I 

can be reduced. 

To reduce the noise during the rotation of the cross flow 

fan 3 in the thus constructed air conditioner, t~e heat 

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

least a distance La, which is the length of the reduced 70rtex 
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8. Therefore, such distance has been the smallest possible 

distance between the heat exchanger 2 and the cross flow fan 3 .. ;:.~ 

to make th~ air conditioner thin. The making of the air 

conditioner thin by putting both components 2, 3 closer to each 

other than that aggravates the noise duri~~ the rotation of the 

:,.cro~s flow fan 3. 

· .i-· SUMMARY OF THE INVENTION 

The invention has been made to overcome the above-mentioned 

problem. Accordingly, an object of the invention·is to provide 

an air conditioner in which noise during.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 achieve 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 juxtaposed on a heat exchanger, 

respectively. Each bent portion is"" located at an edge portion 

near a cross flow fan. The edge portion is of a coolant pipe 

of the he_at . exchanger on the side of the cro~s flow fan. The 

bent portions are formed by bending the edge portions so as to 
. I . 

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 for.ned by 
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integrating a plurality of small plates .. The small plates are 

staggered along 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 is, the position at which each vortex enters the cross 

flow fan can be changed by changing the distance and shape of 

each bent portion. Ther~fore, a noticeable noise reduction 

during the rotation of the cross flow fan can be implemented by 

optimizing ·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 by a coolant pipe in the embodiment; 
I 

Figures 4A to 40 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 is a longitudinal sectional view showing a 

conventional air conditioner; 

Figure 7 is an enlarged perspe~tive view of a bent section 

of the fin shown in Figure 6; 

Figure 8 is a detailed . diagram showing vortexes of air 

produced by coolant pipes in.the conventional 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 l to 3, reference· numerals 1 to 7 designate the 

same components_ as those in the conventional air conditioner. 

Reference numerals 6b and 6c designate an upper side bent 

portion and a lpwer side bent portion provided on each of 

fins 6. 

The upper side bent portion 6b and the lower side bent 

portion 6c are arranged on an edge portion of each of the 
I 

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

flow fan 3 and faces the cross flow fan 3 along the coolant 

pipe 7. As shown in Figure 2, the bent portions 6b, 5c are 

disposed in two groups, respectively. Each group consists of 
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three portions and is staggered along the length of the coolant 

pipe 7. 

The ope~ation of the air conditioner of the invention will 

be described next. The air drawn from the inlet 4 by the 

rotation of the cross flow fan 3 passes through the heat 

exchanger 2. Vortexes 8 of the air produced on the side of the 

cross flow fan 3 of the coolant pipe 7 becomes as shown in 

Figure 3. That is, the air threading its way through each fin 

6 having an upper bent portion 6b forms a downward vortex Sb 

that is deflected downward relative to the coolant pipe 7 as 

shown by the broken line, whereas the air threading its way 

through each fin 6 having a lower bending portion 6c forms an 

upward vortex Be that is deflected upward relative to the 

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

Sb and the up~ard vortex Be are formed repetitively along the 

length of the coolant pipe 7 at a pitch P equal to the pitch 

between the group of upper bent portions 6b and the group ·of 

lower bent portions 6c shown in Figure_2. 

Figures 4A to 40 are time charts showing noise during the 

rotation of the cross flow fan 3 produ_ced by interference 

between the upper vortex portion Be and a blade lOa as well as 

between the lower vortex portion Sb and a blade 1 Ob. The 

blades lOa, lOb are two neighboring blades of the cross flow 

fan J. 

The noise during the rotation is produced in the fc:lowing 

way by interferet:i.ce between 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 lift 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 9,f incide.nc~.t_o decrease with time. 

This in turn causes a change in pressure in the negative 

direction. 

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 lOa and the downward vortex 8b. Figure 48 shows a change 

in sound produced ""'due to interference between a por-tion 

neighboring the blade lOa in the axial direction and the upward 

vortex 8a, tlle blade 1 Oa having interf~.r.,.ed with the downward 
. · ... :.:<"t·· 

vortex Sb in Figure 4A. If the time at which the maximum 
I 

positive sound pressure is produced in the case of Figure 4B is 

synchronized with the time at which the maximum negative sound 

pressure is produced in the case of Figure 4_:l_, the produced 

sound pressure is canceled due to interference between both 

sounds. A time difference t 1 is substantially egual to 
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60 Lo /(nDN), where L0 is the distance between the position at 

which the upward vortex Be enter the cross flow fan 3 and the 

position at~which the downward vortex Bb enter the cross flow 

fan 3, i.e., the distance between .the vortexes; and N is the 

number.of revolutions (rpm). The interference sound can be 

reduced 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 40 show changes in sound pressure produced 

by interference between the blade lOb and the downward vortex 

Bb and between the blade 1 Ob and the upward vortex Be, the 

blade lOb being. located after the blade lOa. As in Figures 4A 

and 4B, the produced noise similarly decays if the distance 

between vortexes L0 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 reduced by optimizing the relationship between the 

number of blades and the distance between vortexes L0 so that 

the interference sound between the blade lOa and the upward 

vortex Be is in phase with the interference sound between the 

blade lOb and the downward vortex Bb. 
I 

As described above, the vortexes Sb, Be 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, Be enter the cross flow fan 3 are 

optimized so as to match the number of blades. 
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That is, the bent portions 6b, 6c in the embodiment are 

designed so that the interference sound between the blade lOa 

and the vortex 8b, the interference sound between the blade lOa 

and the vortex Sc, the interference sound between the blade lOb 

and the vortex 8b, aJ1d_ the interference sound between the blade 

lOb and the vortex Sc are 180° out of phase. As a result, 

according to the air conditioner of the invention, the noise 

due to the rotation of the cross flow fan can be reduced 

greatly. 

While each of the bent portions Gb, Ge is provided on an 

edge portion of a fin G so as to stagger'· the same advantage 

can be obtained by mounting such a baffle plate as shown in 

Figure 5. That is, the baffle plate is fanned integrally while 

staggering a plurality of small plates lla in the longitudinal 

direction of the coolant pipe 7. Further, while each .. of the 

bent portions 6b, Ge is provided on an edge portion of a fin 6 

in the above embodiment, the same advantage may also be 

provided by arranging projections instead of the bent portions. 

As described in the foregoing pages, wi~h the featured 

construction of the air conditioner of the invention, noise 

reduction quring the rotation 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 IS CLAIMED IS: 

l. An ·ai·r conditioner comprising a cross flow fan and a 

heat exchan~er, .said heat exchanger being located near and in 

the upstream side of said cross flow fan so as to be in 

parallel to said cross flow fan, said air conditioner 

introducing air from an inlet thereof by rotation of said cross 

. flow fan, said air being subjected to heat exchange at said 

heat· exchanger and· bein·g then blown out of an outlet of said 

air conditioner; wherein 

bent portions are provided at edge portions of a plurality 

of fins juxtaposed on.said heat exchanger, respectively, each 

bent portion b~ing located at an edge portion near said cross 

flow fan, said edge portion being of a coolant pipe of said 

heat exchanger on the side of the cross flow fan, said bent 

· portions being formed by bending the edge portions so as to be 

in pa~allel to the coolant pipe and being staggered along the 

length of the coolant pipe. 

2. An air conditioner comprising a cross flow fan and~ 

heat exchanger, said heat exchanger being located near and in 

·the upstream s,ide of said cross flow fan so as to be in 

parallel to said cross flow fan, said air conditioner 
I 

introducing air 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; wh~rein 

----- - ·- ·----. -·- .. -
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a baffle plate is provided on edge portions, the edge 

portions not only bein~ of a plurality of fins ju~taposed on 

the heat exchanger and near the cross flow fan, but also being 

of ·a coolant pipe of the heat exchanger on the side of the 

cross flow fan, said baffle plate being foirned 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 heat_ exchanger including_ 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 vortex; 

lower air flow deflecting means, provided at edge portions 

of said juxtaposed fins of_ said heat exchanger, for deflecting 

air flow to form a upward vortex; 
I 

wherein said first and second air flow deflecting means are 

repetitively formed in parallel to said coolant pipe and 

staggered along the length of said coolant pipe. 
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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 s~id cross flow fan and said downward vortex due to 

said upper.air flow deflecting m~~ns and second sound pressure 

is generated by interference between said blade and said upward 

vortex due to said lower air flow deflecting means, said 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-flow fan' and said 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 descrtbed 

with reference to Figures 1 to 40 or Figure 5 of the accompanying 

drawings. 

This Sheet Has Been Replaced 
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