
*   —   II  1  1  INI  II  IMI  II  INI  I  Mil  II  I  II 
OJ I I   Eur°Pean  Patent  Office 

< * S   Office  europeen  des  brevets  (11)  E P   0  7 6 3   6 9 7   A 1  

(12)  EUROPEAN  PATENT  A P P L I C A T I O N  

(43)  Date  of  publication:  (51)  int.  CI.6:  F24F  1/00,  F24F  13 /24  
19.03.1997  Bulletin  1997/12 

(21)  Application  number:  96114659.4 

(22)  Date  of  filing  :  1  2.09.1  996 

(84)  Designated  Contracting  States:  •  Sugio,  Takashi, 
ES  GR  IT  Matsushita  Elec.lnd.Co.Ltd. 

Kadoma-shi,  Osaka-fu  (JP) 
(30)  Priority:  13.09.1995  J  P  234923/95  •  Sakai,  Hirokazu, 

Matsushita  Elec.lnd.Co.Ltd. 
(71  )  Applicant:  MATSUSHITA  ELECTRIC  INDUSTRIAL  Kadoma-shi,  Osaka-fu  (JP) 

CO.,  LTD. 
Kadoma-shi,  Osaka-fu  (JP)  (74)  Representative:  Grunecker,  Kinkeldey, 

Stockmair  &  Schwanhausser 
(72)  Inventors:  Anwaltssozietat 

•  Higashi,  Chiaki,  Maximilianstrasse  58 
Matsushita  Elec.lnd.Co.Ltd.  80538  Munchen  (DE) 
Kadoma-shi,  Osaka-fu  (JP) 

(54)  Indoor  unit  of  air  conditioner 

(57)  Heat  exchangers(28a)(28b)  are  disposed 
upstream  of  a  cross-flow  fan(27)  within  an  air  flow  pas-  F  I  G.  1 
sage  independently  from  each  other  on  the  front  and  the 
rear  sides  in  the  passage,  and  are  interconnected  by  a 
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Description 

TECHNICAL  FIELD 

The  present  invention  relates  to  an  indoor  unit  of  an 
air  conditioner,  and  more  particularly  to  a  structure  of  an 
air  flow  circuit  in  a  f  lowthrough-type  air  conditioner. 

BACKGROUND  ART 

Japanese  Unexamined  Utility  Model  Publication 
No.  4-68921(1992)  discloses  an  indoor  unit  of  a  flow- 
through-type  air  conditioner.  Fig.  7  illustrates  the  con- 
struction  of  the  above  indoor  unit  which  has  an  inlet  port 
1  at  an  upper  portion,  an  outlet  port  2  at  a  lower  portion 
thereof,  and  an  air  flow  passage  3  defined  between  the 
inlet  port  1  and  the  outlet  port  2.  Provided  within  the  air 
flow  passage  3  are  a  removable  air  filter  6  inserted 
along  the  inner  surface  of  a  front  cover  4  as  extending  to 
a  ceiling  side  of  a  main  body  frame  5,  a  heat  exchanger 
7  comprised  of  three  portions  arranged  in  a  bent  rela- 
tion,  and  a  fan  placed  in  a  space  enclosed  by  the  heat 
exchanger  7. 

Air  enters  through  the  inlet  port  1  and  pass  through 
the  air  filter  6,  and  is  subject  to  a  heat  exchanging  proc- 
ess  at  the  heat  exchanger  7  and  then  discharged  into 
room  from  the  outlet  port  2  by  means  of  a  fan  8.  The 
direction  of  an  air  flow  into  room  is  adjusted  by  means  of 
a  vane  9  disposed  at  the  outlet  port  2.  A  drain  pan  10 
serves  to  receive  condensation  dropping  from  different 
portions  of  the  heat  exchanger  7,  and  the  drain  pan  1  0 
also  constitutes  a  portion  of  a  wall  defining  the  air  flow 
passage  3.  The  air  flow  passage  3  extending  from  the 
fan  8  to  the  outlet  port  2  is  provided  with  a  rear  guider  1  1 
on  the  rear  side  thereof. 

The  indoor  unit  of  the  air  conditioner  having  the 
aforementioned  construction,  however,  has  the  follow- 
ing  problems.  Because  of  narrow  spaces  between  the 
fan  8  and  the  heat  exchanger  7  at  a  front-side  and  a 
rear-side  portion  thereof,  streams  of  sucked  air  bump 
against  each  other  and  hence,  a  turbulent  flow  tends  to 
occur.  If  the  rear-side  portion  of  the  heat  exchanger  7  is 
inclined  at  a  small  angle  with  respect  to  the  vertical,  a 
smaller  amount  of  air  is  sucked  into  the  rear-side  portion 
of  the  heat  exchanger  7  through  the  inlet  port  1  in  the 
top  surface.  Adversely,  if  the  aforesaid  inclination  is 
great,  the  rear-side  portion  of  the  heat  exchanger  7  is 
located  closer  to  the  fan  8,  resulting  in  a  higher  level  of 
noise.  The  inlet  port  does  not  exist  at  a  portion  where 
the  main  body  frame  5  joins  the  front  cover  4  and  there- 
fore,  air  suction  into  the  rear-side  portion  of  the  heat 
exchanger  7  is  retarded  to  cause  imbalance  in  the  air 
flow.  The  resultant  uneven  distribution  of  flow  velocity 
lowers  the  performance  of  flow  rate.  With  the  heat 
exchanger  7  comprised  of  three  portions  simply 
arranged  in  a  bent  relation,  it  is  difficult  to  positively 
assure  an  increased  capability  of  the  heat  exchanger 
within  a  limited  capacity  of  the  air  conditioner.  Further- 
more,  there  is  a  very  small  space  allowing  for  the  instal- 

lation  of  additional  function  elements  such  as  a  heating 
element  or  the  like. 

DISCLOSURE  OF  THE  INVENTION 
5 

For  solving  the  foregoing  problems,  the  indoor  unit 
of  the  air  conditioner  of  the  invention  comprises  a  main 
body  frame,  a  front  cover  having  an  inlet  port  in  a  top 
and  a  front  surface  thereof  while  cooperating  with  the 

10  main  body  frame  to  form  an  air  flow  passage  extending 
toward  an  outlet  port  disposed  at  the  lower  end  thereof, 
a  cross-flow  fan  having  an  impeller  formed  of  a  plurality 
of  blades  arranged  in  a  column-like  form,  heat  exchang- 
ers  disposed  upstream  of  the  cross-flow  fan  within  the 

15  air  flow  passage  independently  from  each  other  at  the 
front  side  and  the  rear  side  in  the  passage,  a  leaf  for 
interconnecting  both  the  heat  exchangers  at  the  upper 
portions  thereof,  a  stabilizer  disposed  adjacent  to  and 
opposite  to  the  cross-flow  fan,  and  a  rear  guider  defin- 

20  ing  the  air  flow  passage  extending  from  the  cross-flow 
fan  to  the  outlet  port,  the  rear-side  heat  exchanger 
being  inclined  toward  the  cross-flow  fan  at  an  angle  a 
with  respect  to  the  vertical,  the  angle  a  being  in  the 
range  of  25°  s  a  s  35°. 

25  Such  an  arrangement  assures  sufficient  suction  of 
air  through  the  rear-side  heat  exchanger,  the  air  enter- 
ing  through  the  inlet  port  in  the  top  portion  of  the  front 
cover,  while  preventing  an  increase  in  the  noise  level 
which  results  from  the  position  of  the  rear-side  heat 

30  exchanger  being  too  close  to  the  cross-flow  fan.  Fur- 
thermore,  wider  spaces  between  the  cross-flow  fan  and 
the  heat  exchangers  at  the  front  and  the  rear  sides  pro- 
vides  space  allowing  for  the  installation  of  an  additional 
function  element  such  as  a  heating  element  or  the  like. 

35  A  more  preferred  mode  of  the  invention  in  which  the 
front-side  heat  exchanger  comprises  two  portions 
arranged  in  a  bent  form  improves  the  suction  perform- 
ance  of  the  front-side  heat  exchanger.  In  addition,  it  is 
possible  to  obtain  a  wider  space  accommodating  addi- 

40  tional  function  elements  such  as  a  heater  or  the  like. 
In  another  preferred  mode  in  which  a  joint  section  of 

the  main  frame  body  and  the  front  cover  is  disposed 
above  the  leaf  interconnecting  both  the  heat  exchang- 
ers  at  the  upper  portions  thereof,  a  portion  where  the 

45  main  body  frame  joins  the  front  cover  and  no  opening 
exists  is  superposed  relative  to  the  leaf  presenting  no 
suction  capability,  thereby  reducing  an  area  retarding  air 
suction  to  increase  the  performance  of  flow  rate. 

In  yet  another  preferred  mode  in  which  a  ratio  of  the 
so  front-side  heat  exchanger  to  the  rear-side  heat 

exchanger  by  the  length  along  the  height  thereof  is  at 
about  9:6,  an  optimum  area  distribution  of  the  front-side 
and  the  rear-side  heat  exchangers  can  be  achieved 
within  a  limited  capacity  of  the  air  conditioner,  and  thus 

55  enabling  to  enhance  the  performance  of  the  heat 
exchangers. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  transverse  sectional  view  of  a  first  embod- 
iment  of  the  present  invention; 
Fig.  2  is  a  graph  illustrating  the  relationship  between  s 
an  inclination  a  of  a  rear-side  heat  exchanger  28b 
with  respect  to  the  vertical  and  air  flow  ratio  at  an 
identical  noise  level, 
Fig.  3  is  a  transverse  sectional  view  of  a  second 
embodiment  of  the  present  invention,  10 
Fig.  4  is  a  transverse  sectional  view  of  a  third 
embodiment  of  the  present  invention, 
Fig.  5  is  a  transverse  sectional  view  of  a  fourth 
embodiment  of  the  present  invention, 
Fig.  6  is  a  graph  illustrating  the  relationship  between  15 
a  ratio  of  a  front-side  heat  exchanger  28a  to  the 
rear-side  heat  exchanger  28b  by  the  number  of 
heat  exchanger  area  and  air  flow  ratio  at  an  identi- 
cal  noise  level,  and 
Fig.  7  is  a  transverse  sectional  view  of  the  prior  art.  20 

EMBODIMENTS 

Fig.  1  is  a  transverse  sectional  view  of  a  first  embod- 
iment  of  the  present  invention.  In  Fig.  1,  an  indoor  unit  25 
20  includes  an  air  flow  passage  23  defined  between  a 
main  body  frame  21  and  a  front  cover  22,  the  air  flow 
passage  23  communicating  with  a  room  space  via  an 
inlet  port  24  and  an  outlet  port  25.  The  inlet  port  24 
exists  in  the  front  and  the  top  surfaces  of  the  front  cover  30 
22  as  well  as  in  the  top  surface  of  the  main  body  frame 
21  .  The  outlet  port  25  exists  at  the  lower  end  of  the  front 
cover  22. 

Removably  disposed  along  the  inner  surface  of  the 
front  cover  22  is  an  air  filter  26,  which  covers  the  inlet  35 
port  24.  A  cross-flow  fan  27  is  located  halfway  of  the  air 
flow  passage  23.  The  cross-flow  fan  27  is  formed  of  a 
plurality  of  unitized  bodies  of  impellers  arranged  along 
the  direction  of  a  rotary  axis,  the  unitized  body  of  the 
impeller  being  formed  of  a  plurality  of  blades  arranged  40 
in  a  column-like  form. 

The  heat  exchangers  28a  and  28b  are  disposed 
upstream  of  the  cross-flow  fan  27  in  the  air  flow  passage 
23  independently  from  each  other  on  the  front  and  the 
rear  sides  therein.  Both  the  heat  exchangers  28a  and  45 
28b  are  interconnected  at  the  upper  portions  thereof  by 
means  of  a  leaf  29.  The  heat  exchanger  28b  on  the  rear 
side  is  inclined  toward  the  cross-flow  fan  27  at  an  angle 
a  with  respective  to  the  vertical.  A  suitable  inclination 
angle  a  is  in  the  range  of  25°  s  a  s  35°,  and  such  an  so 
inclination  is  set  at  30°  in  this  embodiment.  An  addi- 
tional  function  element  such  as  a  heater  30  is  inter- 
posed  between  the  heat  exchangers  28a  and  28b. 
However,  it  is  not  essential  that  the  additional  function 
element  be  provided.  ss 

On  the  downstream  side  of  the  cross-flow  fan  27  in 
the  air  flow  passage,  there  are  disposed  a  stabilizer  31 
adjacent  to  and  opposite  to  the  cross-flow  fan  27,  and  a 
rear  guider  32  defining  the  air  flow  passage  23  extend- 

ing  from  the  cross-flow  fan  27  to  the  outlet  port  25.  A 
part  of  the  rear  guider  32  and  the  stabilizer  31  each 
defines  a  drain  pan  33  for  receiving  condensation  drop- 
ping  from  the  heat  exchangers  28a  and  28b.  A  vane  34 
to  adjust  a  direction  of  air  flow  into  room  is  rotatably  pro- 
vided  at  the  outlet  port  25. 

In  this  construction,  air  in  a  room  flows  through  the 
inlet  port  24  in  the  front  cover  22  and  the  main  body 
frame  21  and  through  the  air  filter  26  into  the  air  flow 
passage  23,  and  the  air  penetrates  the  heat  exchangers 
28a  and  28b  to  be  sucked  by  the  cross-flow  fan  27.  The 
cross-flow  fan  27  discharges  the  sucked  air  into  space 
in  the  room  from  the  outlet  port  25  by  way  of  the  air  flow 
passage  23  defined  by  the  rear  guider  32  and  the  stabi- 
lizer  31. 

Fig.2  illustrates  the  relationship  between  an  inclina- 
tion  a  of  the  rear-side  heat  exchanger  28b  with  respect 
to  the  vertical  and  air  flow  ratio  at  an  identical  noise 
level.  As  apparent  from  Fig.2,  if  <x<25°,  a  smaller 
amount  of  air  is  sucked  into  the  rear-side  heat 
exchanger  28b  through  the  top  portion  of  the  front  cover 
22  and  of  the  main  body  frame  21  ,  resulting  in  poor  air 
flow  ratio.  Whereas  if  <x>35°,  the  rear-side  heat 
exchanger  28b  is  located  too  close  to  the  cross-flow  fan 
27  and  therefore,  a  noise  level  increases.  As  a  result,  air 
flow  ratio  as  compared  at  an  identical  noise  level  is  low- 
ered.  Accordingly,  it  is  confirmed  that  an  optimum  value 
of  the  inclination  a  of  the  rear-side  heat  exchanger  28b 
with  respect  to  the  vertical  is  in  the  range  of  25°  s  a  s  
35°.  Additionally,  by  widening  the  area  surrounded  by 
the  front-side  and  rear-side  heat  exchangers  28a,  28b 
and  the  cross-flow  fan  27,  there  is  a  room  for  disposing 
additional  function  elements  such  as  a  heater  30  and 
the  like. 

Fig.3  is  a  transverse  sectional  view  of  the  second 
embodiment  of  the  present  invention.  Components  hav- 
ing  the  same  function  as  do  those  shown  in  Fig.  1  are 
represented  by  the  same  reference  numerals  and 
therein  descriptions  are  omitted.  In  Fig.3,  of  two  inde- 
pendent  heat  exchangers  28a  and  28b,  the  front-side 
heat  exchanger  28a  comprises  two  portions  U  and  D 
arranged  in  a  bent  form. 

In  this  construction,  an  air  flow  toward  a  cross-flow 
fan  27  from  the  upper  portion  U  of  the  bent  form  of  the 
frontside  heat  exchanger  28a  suffers  less  flow  loss  due 
to  deflection,  thereby  increasing  air  flow  ratio.  Addition- 
ally,  the  bent  form  of  the  front-side  heat  exchanger  28a 
can  widen  room  surrounded  by  the  heat  exchangers 
28a,  28b  and  the  cross-flow  fan  27,  where  additional 
function  elements  such  as  a  heater  30  is  readily 
installed.  It  is  noted  that  although  the  front-side  heat 
exchanger  28a  comprises  two  portions  arranged  in  the 
bent  form,  an  equivalent  effect  may  be  attained  by  a 
structure  in  which  three  or  more  portions  are  arranged 
in  a  bent  form. 

Fig.4  is  a  transverse  sectional  view  of  the  third 
embodiment  of  the  present  invention.  Components  hav- 
ing  the  same  function  as  do  those  shown  in  Fig.  1  are 
represented  by  the  same  reference  numerals  and 
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therein  descriptions  are  omitted.  In  Fig.4,  a  joint  section 
35  of  a  front  cover  22  and  a  main  body  frame  21  is  posi- 
tioned  above  a  leaf  29  interconnecting  a  front-side  heat 
exchanger  28a  and  a  rear-side  heat  exchanger  28b  at 
the  upper  portions  thereof.  5 

With  this  construction,  the  joint  section  35  of  the 
main  body  frame  21  and  the  front  cover  22  where  no 
opening  exists  is  superposed  relative  to  the  leaf  29  pre- 
senting  no  suction  capability,  so  that  parts  interfering 
with  air  suction  is  reduced,  resulting  in  increase  of  air  10 
flow  ratio. 

Fig.  5  is  a  transverse  sectional  view  of  the  fourth 
embodiment  of  the  present  invention.  Components  hav- 
ing  the  same  function  as  those  shown  in  Fig.1  are  rep- 
resented  by  the  same  reference  numerals  and  therein  is 
descriptions  are  omitted.  In  Fig.  5,  a  ratio  of  the  two  inde- 
pendent  heat  exchangers  28a,28b  by  the  number  of 
heat  exchanger  area  therein  (area  flow  ratio)  is  9:6.  The 
number  of  heat  exchanger  area  is  counted  on  the  basis 
of  a  piping  pitch  and  is  proportional  to  the  area  of  the  20 
heat  exchanger.  In  Fig.  5,  "P"  corresponds  to  one  sec- 
tion  of  the  heat  exchanger  area. 

Fig.  6  illustrates  the  relationship  between  a  ratio  of 
the  front-side  heat  exchanger  28a  to  the  rear-side  heat 
exchanger  28b  by  the  number  of  the  heat  exchanger  25 
sections  and  air  flow  ratio  at  the  same  noise  level,  in  the 
case  where  the  capacity  of  space  disposing  the  heat 
exchangers  28a,  28b  is  fixed  and  the  sum  of  heat 
exchanger  sections  of  the  front-side  and  rear-side  heat 
exchangers  28a  and  28b  is  fixed  (the  sum  of  the  heat  30 
exchanger  sections  is  15  in  this  embodiment).  In  Fig.6, 
a  ratio  of  the  two  heat  exchangers  28a  and  28b  by  the 
number  of  the  heat  exchanger  sections  is  indicated  by 
way  of,  for  simplicity,  the  number  of  the  heat  exchanger 
sections  of  the  front-side  heat  exchanger  28a.  In  this  35 
case,  the  number  of  the  heat  exchanger  sections  of  the 
rear-side  heat  exchanger  28b  is  found  by  subtracting 
the  number  of  the  heat  exchanger  sections  of  the  front- 
side  heat  exchanger  28a  from  15. 

As  apparent  from  Fig.6,  when  the  number  of  the  40 
heat  exchanger  area  of  the  front-side  heat  exchanger 
28a  is  10  (i.e.,  the  aforesaid  ratio  is  10:5)  or  when  the 
number  of  the  heat  exchanger  sections  of  the  front-side 
heat  exchanger  28a  is  11  (i.e.,  the  aforesaid  ratio  is 
1  1  :4),  the  front-side  heat  exchanger  28a  is  inclined  at  a  45 
greater  angle  a  with  respect  to  the  vertical,  so  that  is 
approaches  a  cross-flow  fan  27  to  increase  level,  result- 
ing  in  poor  air  flow  ratio.  If  the  front-side  heat  exchanger 
28a  accounts  for  1  2  or  more  in  the  aforesaid  ratio,  there 
is  a  possibility  that  condensation  drops  from  the  front-  so 
side  heat  exchanger  28a.  If  the  aforesaid  ratio  is  8:7  or 
7:8,  air  flow  ratio  of  the  rear-side  heat  exchanger  28b 
will  decrease  for  the  same  reason  as  the  above  case  of 
the  front-side  heat  exchanger  28a.  Thus,  it  is  most  suit- 
able  to  set  at  about  9:6  in  the  ratio  of  the  front-side  heat  55 
exchanger  28a  to  the  rear-side  heat  exchanger  28b  by 
the  number  of  sections  thereof,  or  the  ratio  of  the  front- 
side  heat  exchanger  28a  to  the  rear-side  heat 
exchanger  28b  by  the  length  along  the  height  thereof. 

97  A1  6 

Claims 

1  .  An  indoor  unit  of  an  air  conditioner  comprising: 

a  main  body  frame, 
a  front  cover  having  an  inlet  port  in  a  top  and  a 
front  surfaces  thereof  while  cooperating  with 
the  main  body  frame  to  form  an  air  flow  pas- 
sage  extending  toward  an  outlet  port  disposed 
at  the  lower  end  thereof, 
a  cross-flow  fan  having  an  impeller  formed  of  a 
plurality  of  blades  arranged  in  a  column-like 
form, 
heat  exchangers  disposed  upstream  of  the 
cross-flow  fan  within  the  air  flow  passage  inde- 
pendently  from  each  other  on  a  front  side  and  a 
rear  side  in  the  passage, 
a  leaf  for  interconnecting  both  the  heat 
exchangers  at  the  upper  portions  thereof, 
a  stabilizer  disposed  adjacent  to  and  opposite 
to  the  cross-flow  fan,  and 
a  rear  guider  defining  the  air  flow  passage 
extending  from  the  cross-flow  fan  to  the  outlet 
port, 
the  rear-side  heat  exchanger  being  inclined 
toward  the  cross-flow  fan  at  an  angle  a  with 
respect  to  a  vertical,  and  the  angle  a  being  in  a 
range  of  25°  s  a  s  35°. 

2.  An  indoor  unit  of  an  air  conditioner  as  set  forth  in 
Claim  1  ,  wherein  the  front-side  heat  exchanger  is 
comprised  of  two  portions  arranged  in  a  bent  form. 

3.  An  indoor  unit  of  an  air  conditioner  as  set  forth  in 
Claim  1  or  2,  wherein  a  joint  section  of  the  main 
body  frame  and  the  front  cover  is  superposed  rela- 
tive  to  the  leaf  for  interconnecting  the  two  heat 
exchangers  at  the  upper  portions  thereof. 

4.  An  indoor  unit  of  an  air  conditioner  as  set  forth  in 
any  one  of  Claims  1  through  3,  wherein  a  ratio  of 
the  front-side  heat  exchanger  to  the  rear-side  heat 
exchanger  by  the  length  along  the  height  thereof  is 
about  9:6. 
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