US006044653A

United States Patent [ (1] Patent Number: 6,044,653
Iritani et al. [45] Date of Patent: Apr. 4, 2000
[54] AUTOMOTIVE AIR CONDITIONER HAVING 4,362,027 12/1982 Barbier .....c.cccoeveveecnecenennenee 236/75 X
CONDENSER AND EVAPORATOR 4,519,443  5/1985 Sutoh et al. .. 62/176.5 X
PROVIDED WITHIN AIR DUCT 4,523,715 6/1985 Ohsawa .....ccccceeeeeeceuecrvennenee 165/43 X
4,546,617 1071985 SUZUKL wvvoorverrersereeeerreereressesernes 62/180
. : TP e : 4,667,480  5/1987 Bessler ...cocoeveeennninnencene 62/323.3 X
[75] Inventors: Kunio Iritani, Anjo; Shigeo 4920756  5/1990 Howland ......ooooooocoreroor.. 62/180 X
Numazawa, Nagoya; Kenichi 4,984,433 1/1991 WOrthington .....o.oooocoererre. 62/90
Fujiwara, Kariya; Yasushi Yamanaka, 4991405 2/1991 Sakano ... 62/244
Nakashima-gun; Akira Isaji, Nishio; 5200431 471994 THEANL covvvovveoneeeeeeeseeseeee e 62/243
Nobunao Suzuki, Toyohashi, all of 5316,074  5/1994 ISAJ wovvvvererrrvereeneeeens oo 165/43 X
Japan 5.642,627  T/1997 THEANL cooooooreeeeereeeeeeeeeeesreereeseesee 62/156
[73] Assignee: Nippondenso Co., Ltd., Kariya, Japan FOREIGN PATENT DOCUMENTS
58-8418 1/1983 Japan .
[21] Appl. No.: 09/004,725 60-2847  1/1985  Japan .
60-29558  2/1985 Japan .
[22] Filed: Jan. 8, 1998 60-219114 11/1985 Japan .
63-103727  5/1988 Japan .
Related U.S. Application Data 4-1011  1/1992  Japan .
e L Primary Examiner—William Wayner
[62] Bglsg(:;lsgfl%%?h\ifﬁilgﬁl Ii\io.aoél/iz?sli’(?: 7(’)fJ a;;;pgﬁc;lfing i?(:: Attorney, Agent, or Firm—Pillsbury Madison & Suturo LLP
08/332,062, Nov. 1, 1994, Pat. No. 5,642,627, which is a
div/isioﬁ of application No. 08/138207, Oct, 20, 1993, 1271 ABSTRACT
Zg%nc}fgf d2’4W}111909}1215P2tf1§§1%n232 i:gil.lcanon No. 07/873, An automotive air conditioner which conditions air making
’ ’ ’ T use of radiation of heat of a condenser and absorption of heat
[30] Foreign Application Priority Data of an evaporator effectively. The evaporator 207 and the
Apr. 26,1991 [IP]  Japan .....o.cooveecommmreernnn 3007200  condenser 203 are disposed in a duct 100. A bypass pas-
Oct. 1,1991 [IP]  Japan . 3.053047 sageway 150 is provided sidewardly of the condenser 203 in
Dec. 3,1991 [IP]  Japan .. 3-319417 the duct 100, and a flow rate of air bypassing the condenser
Dec. 27, 1991 [JP]  Japan ... 3-347130 203 is controlled by pivotal motion of an air mixing damper
Mar. 17,1992 [JP]  Japan ... 4-060616 154. Another bypass passage is provided sidewardly of the
7 . evaporator 207 in the duct 100, and a flow rate of air
[51] Imt. CL7 e F25D 17/06; F25D 17/00 bypassing the evaporator 207 is controlled by pivotal motion
[52] US. Cle oiccvecrecsenecercceneceneeen 62/180; 62/90 of a bypass damper 159. Air is conditioned to an optimum
. blown out air temperature by varying the cooling rate at the
[56] References Cited evaporator 207 ang the heati}rllg rai/e a% the condengser 203 and
U.S. PATENT DOCUMENTS is blown out to a room of an automobile from spit holes 141,
142 and 143. An outside heat exchanger is provided outside
2,780,077 T/1954  JaCODS .eovvvreereeienieieeeeeieireneen 62/90 X the duct 100, and a flow of refrigerant is Changed over
3,026,668 3/1962 Robson . 165/93 X . .
3139735  7/1964 Malkoff ... . 62/90 X suitably among the outside heat exchanger 202, the evapo-
3.402.564 9/1968 Nussbaum .. 16543 X rator 207 and the condenser 203 to perform cooling
3,469,412  9/1969 Gluffre ....... .. 62/90 X operation, heating operation, dehumidifying operation,
3,520,147 7/1973 Glackman ......coooecovveeernveeersenee. 62/173 dehumidifying heating operation and defrosting operation.
3,738,117  6/1973 Engel ..ccoovvvvviiiiniiniiis 62/173
3,798,920  3/1974 MOIaN ..ccocovvvcemevurerecevecrerennes 62/173 12 Claims, 75 Drawing Sheets

o B o
322 150 e s
/ 21!1 | ] _]141
33\
e

100

133

COooL

212

201



U.S. Patent Apr. 4, 2000 Sheet 1 of 75 6,044,653

FIG. |
135
206 [ 1
323° 30| I
s 2059= 100 E}":____J]{}l__‘%
e X T U S =
/ / /“"'"150 l\\
/ =
| 154 II’,,” > [ 144
: @w\\ M,é_j—f— EENT
Aa ) | 322 203 )143’5‘_\4&—
TIN A L]
133 04 FOOT H145 305)
303
101 02 ; ::_3/,04
|  wmooE L@ )
VENT\/L FT DEF FRE \REC
_ L]
] TEMP /|
cooL HoT| |asc

2 ECON|
FAN
300 | offF (Hl OFF
=] ¥
\ AN \\ \

] N -
301 302307}
306




6,044,653

Sheet 2 of 75

Apr. 4, 2000

U.S. Patent

- 102
/ A
Yy A
HS m )
“
102 m 902
- 5]
202 17,
p ol { “ J/1
e e —— A
207¢ £0¢
2 9ld

A




U.S. Patent Apr. 4, 2000 Sheet 3 of 75 6,044,653

FIG. 3
361
RECIRCU- ) 362
LATION
¢ 1317 \ EE J
363
¢
]
|
( 207 3
133 | ¢ 6> 0T (143
303 [304
] T
1 i [/ MODEE
| |venten Froer F%C
— 202 TEMP ,
cooL H%; —
A FAN OFF\
OFF [}
? =\ | ' 1I
01 4 [
302 ) 307
301 300

305



U.S. Patent Apr. 4, 2000 Sheet 4 of 75 6,044,653

CSTART) FIG. 4

1 401

g

/ SENSOR INPUT/

1
403

TAO -
| 404

T 0 —
TEO /
Ok

1020 70

402

l
TE INPUT 405 408

40 6 N INVERTER
HZ \
407

INVERTER Hz A

\LPRESSURE
(TEMP)

DAMPER A/pm




U.S. Patent Apr. 4, 2000 Sheet 5 of 75 6,044,653

133
202
MODE
VENTB/LFTDEF FREREC
TEMP
COoO0L HOT A/C
=——————=P)
h ECON|
_ FAN
OFF HI| |oFF
=P
01 \

212 300



U.S. Patent Apr. 4, 2000 Sheet 6 of 75 6,044,653

SCKE *
i
4
|
/ i 201
211 |
P NI L
AN Y,
. 207 / 212




U.S. Patent Apr. 4, 2000 Sheet 7 of 75 6,044,653

FIG. 7

310

. 3104
| N /

2142 - | VE@FSAC%DDEEF FE_Q%CJ

N T ] : /
220 cooL T o] feoor
213 —£21 {econ

N FAN /

O - :O% _—i HEAT
] | A

3(’)1 302 311 306

212 201



U.S. Patent Apr. 4, 2000 Sheet 8 of 75 6,044,653

i - = 7
5114/ 1203 202
201

7 [
211
207 201
—




U.S. Patent

404
N

Apr. 4, 2000 Sheet 9 of 75 6,044,653
C—’ START )
>l 401
oswoN | FIG. 10
!
/risENSORlNPQEA/L_AOZ
|
TAOQ 403
411
COOL/HEAT
413
12 /
cooL HEAT
, | 414
A/M DAMPER |7
TEO‘ e 1
=55 /[?;RESSURElNPUTJ/V/415

I

TE weur /4

INVERTER
Hz
N

405
108 N/

406
N @ 47
407

Y

INVERTER Hz 7

N

TEO210°C

403
410

A/ DAMPER

\\\\ \(
INVERTER

HZ\

N
418
\

INVERTER
Hz

7

{ RETURN




U.S. Patent

6,044,653

Apr. 4, 2000 Sheet 10 of 75
FIG. Il
&
201 i
— J/ 211372 150 g ==
/ \ . - 141
::> (’\13&’ l , 7 — N
/ 154 hois
| \ :
| ” \\159 \ g fvent
ﬁ}ﬁj, I N 203 143—_\4:%:
160 K
132 7 2082 Fogr
133 -1 300
] N\
T
2‘4 MODE
| VENTLFTDEF FRE REC
202~ TEMP
COOL HOT | {A/C
2]:\3 — — 21 [econ
- oFf HI| |oFF
212 201




U.S. Patent Apr. 4, 2000 Sheet 11 of 75 6,044,653

( START ’
1
1

/401
A/C S/W ON
[
/SENSOR \NPUTIAOz FIG. 12
l 0
TAO 40
A1
HEAT/COOL
417 /413
oL ¢ HEAT 119
|

——/
404~ DEHUMIDIFY 420
TEO ‘ —/_ |
TAO
I

405 ECONO
100
108 } tremeur [/ -_/—‘
\
406
lNVﬁ?Ti N O S eromiry
407 l
i

Y
INVERTER Hz 7 A/M DAMPER
l 415

/ 409 /  PRESSURE SIGNAL /
TEO210°C

41
410 ° N
418

e B |

e
2 INVERTER INVERTER
Hz HZ -

TAC \ 7

DAMPER

A/M DAMPER

I
RETURN




U.S. Patent Apr. 4, 2000 Sheet 12 of 75 6,044,653

FIG. 13

133 300
1
AENAINII 1
MODE rec
>00- LE VENTLFT DEF FRE 2
TEMP
213 COOL A/G-OFF H ECIQN
Y ] oFF FAN " ECZON
T = —_—




U.S. Patent Apr. 4, 2000 Sheet 13 of 75 6,044,653

FIG. 14

s B o
) .
| {\ 159 \\ QAZC:/F V

. ENT
1l | P N 203 143
132 /] 08K 00 TT T T
133 -210 300 .
253 \
254 MODE
|| [VEnTB/L FT DEF FRE REC
—a
\ ] TEMP
4l 4 cooL ot | e
- T 202 T ECON
A oF_ Hi | | oFF

212



U.S. Patent Apr. 4, 2000 Sheet 14 of 75 6,044,653

FIG. |15
203 202
a ] Y
////
2114
207 201
o | M ~
2081
S ~210

207 201




U.S. Patent Apr. 4, 2000 Sheet 15 of 75 6,044,653
FIG. |7

MAX

COMPRESSOR
VOLUME

MIN

D/-\MPER

BYPASS \:

DAMPER

1001

CONDENSOR
CAPACITY

0
100r

EVAPARATOR
CAPACITY

[

oL

AB C D EF GH
COOL HEAT

TAO



U.S. Patent Apr. 4, 2000 Sheet 16 of 75 6,044,653
FIG. 18
32¢ 50 o
{ 100 1 (B T
A
/ 1 —323 \ HEIE“H
154 o
5, faz VENT
. 203 143 —~
T
208 == Rk 300
202|251 /
— 252
210~ / VENT B/L gTO%EEF FRE REC
— 7] %]
— TEMP
COoOoL HOT A/C
ECON
FAN
_q HI | | OFF
212 201




U.S. Patent

Apr. 4, 2000 Sheet 17 of 75 6,044,653
FIG. I9
206 [
337 146
100 D
[207 J _
J // ~150 ‘\ 141
g ‘ \\,‘I:
{\ 154 ,@\”"“144
\. 1426“ VENT
322 203 )143"_}__
 — T l
ey
= oT145 305)
303
—-202) ( 304
205 1 VENTLBéL NP‘T?'DEEF F_fiE_LEZéC
] TEMP /
COOL HOT] | A/C 1
N FAN ECON |
300~ | oFF (HI OFF
q& AN ‘\\
201 I ‘
301 402307)



6,044,653

Sheet 18 of 75

Apr. 4, 2000

U.S. Patent

IN3A
1
2l , \ @
I _J

Y e
Lm\ \. szmz L0¢
K | A Ame 2Cl
| N
[ e
A — /. Ve wﬂzo_zéom_am
Ooe\_,ow\\ v ﬂ L—- BN
00, €02 ¢ M vt
Hsaus  OCL
GCl
02 9l4



Sheet 19 of 75

Apr. 4, 2000

U.S. Patent

6,044,653

A41QIWNHIA — @)
1vaH — @ 1000 —©

$ L \ @
N | o P> Co—= | ~L02
g NI “ So
\ e 7 7 — °al ||
L - HOSN3S €0z = / !
I |
» 001" R A
JOSN3S
12 914



U.S. Patent Apr. 4, 2000 Sheet 20 of 75 6,044,653

FIG. 22

—0




U.S. Patent Apr. 4, 2000 Sheet 21 of 75 6,044,653

FIG. 24




U.S. Patent Apr. 4, 2000 Sheet 22 of 75 6,044,653

FIG. 26
203
%@ v
P — e = T "
%207
I
FIG. 27




6,044,653

Sheet 23 of 75

Apr. 4, 2000

U.S. Patent

AT
|
102 @ﬁ |
|
_ ENM |
| 192 7
@D B w%\_, | e ¢ MT, |
Qr 992 1 29¢ \ Le |
| Q | _ ) I
_W — AV =1 90 |g* 90—+
o > 0O— |
Y I e '3 S |
| ® |
69¢ | \ _
lllllllllllllll .
99¢ t=
09¢ \
00.
8¢ 9l



6,044,653

Sheet 24 of 75

Apr. 4, 2000

U.S. Patent

| YOSN3S
EENEENE

Oy

6¢ 9ld




6,044,653

Sheet 25 of 75

Apr. 4, 2000

U.S. Patent

r————————'————————-———--————-

ﬁJ N_N“
1= |
102 |
C | 1. .02
7 _ - <
“ | \ﬁ ﬂ\\\ @ \/J
- | o 192 | |
@8, |0 | cley & 12l |
oS S T Qo @.éum\llﬂl 5 |
ol o>
@ @@ _ |
y el M%quf@umm g © et 100}
NNN/\N __ \T\ _

O¢ 9ld




6,044,653

Sheet 26 of 75

Apr. 4, 2000

U.S. Patent

Xd0

;

12 Ol




6,044,653

Sheet 27 of 75

Apr. 4, 2000

U.S. Patent

07— - 212

T 7
| |
| |
| |
_ L0¢ _
tle g | ) |
* m {efe \X& _ %lm 30l |
4 06¢ | |
202 £L2 | m
99¢ | |
| |_ |
U oqr
-0z

2% 9l4



6,044,653

Sheet 28 of 75

Apr. 4, 2000

U.S. Patent

¢¢ Old




6,044,653

Sheet 29 of 75

Apr. 4, 2000

U.S. Patent




6,044,653

Sheet 30 of 75

Apr. 4, 2000

U.S. Patent




6,044,653

Sheet 31 of 75

Apr. 4, 2000

U.S. Patent




6,044,653

¢le

Sheet 32 of 75

Apr. 4, 2000

U.S. Patent




6,044,653

Sheet 33 of 75

Apr. 4, 2000

U.S. Patent

@\@m
65l ®/
Elai
?MW w 10 102 |s
@ \_€£02
® 8 12 o /mw
do e [HOT] €
7 + —
202 N—
8¢ 9ld



6,044,653

Sheet 34 of 75

Apr. 4, 2000

U.S. Patent

IIIIIIIIII ﬁmu}wﬂwoAl / /
".lll VAV J_ A A4101 h v / |
_ \‘rm_w | ICENS(E)) 1000<-(Q) “ “
_ _ | |
102 { “ | 1102
i T | 1 3dI |
| | o \ 112 “ |
_ _ Ibm _@ .
_ \@\ | 20¢ @ " \\'/@U/
" HOSN3S A 352 aqo S pmw | \ .mi
| 34NSS3dd _Q@ + | [ :\ “
| | loa ® 46 | “
| _ : | °dl 9|
S ——— - 02+

oow/:Vﬁ?f

I

&

6% 9l



6,044,653

Sheet 35 of 75

Apr. 4, 2000

U.S. Patent

7 (30130Q)

A A1QINNH30<@) u
1v3H<@ f 000<Q)

4OSN3S
JHINSSIHd




6,044,653

Sheet 36 of 75

Apr. 4, 2000

U.S. Patent

=== == 1
| |
_ |
“ LY3H | || Asiamnrza 1000 NV 440
|
_ \ L /
“ A41QINNH3T "
| - 1V3H _
i | |
| |
| I
_ HIv [
3Q1S1Nn0 |
P -
| dlv gy |
_ E_m.__\S_DIuO
!

1% Ol




U.S. Patent Apr. 4, 2000 Sheet 37 of 75 6,044,653

FIG.42
443
HEAT
DEHUMIDIFY 444
INSIDE
AR AIR INTAKE
DAMPER
OUTSIDE AIR
(FOOT/DEF) 446
DEF
MODE
FOOT
SRTSRE, 2 0°C
445
@ELON
oeF
HEAT-
DEHUMIDIFY

HEAT "




6,044,653

Sheet 38 of 75

Apr. 4, 2000

U.S. Patent

JV3H

430
dlv HS34
1v3H

NOILVINOZI03d
AdIQINNHZA

430

-1V 3H

¢y Old

2,0

b4 dW3L Jlv
3QISLn0



U.S. Patent Apr. 4, 2000 Sheet 39 of 75 6,044,653

FIG. 44

443

HEAT

DEHUMIDIFY

444

RECIRCULATION AIR

INTAKE DAMPER

HEAT -
DEHUMIDIFY

HEAT ﬂ




6,044,653

Sheet 40 of 75

Apr. 4, 2000

U.S. Patent

1v3H

LV3H/
AdIQINNH3d
1V3H

430

T

Spy

9v 9Old

1v

3H

1472

d3dNVAJ IAVLNI
giv

AdIQINNHEA
-LV3H

NOILYTINDYIO3d

AdIQIWNHEC

G Old




6,044,653

Sheet 41 of 75

Apr. 4, 2000

U.S. Patent

LV3H

A

NMOQ 3WNTOA JNOD :rnzo__zDImo
] AJICINNH3A

1002

340

0GP

A4IGINNH3A




6,044,653

Sheet 42 of 75

Apr. 4, 2000

U.S. Patent

LV3aH

A

ASIQINNHZd

1002

N4

440

I

440 Nv4 40O

Nvd NO ¥31vdH
Hlv NOILVINQHIO
dn 10N SW02D

NmMOQ

NO
440

ON

J1vOIaNI

£av

)
A%

A4IQIWNNH3d

\mooz




U.S. Patent Apr. 4, 2000

Sheet 43 of 75

454

443
L\\\i\ HEAT
MODE
cooL -
DEHUMIDIFY
YES
HEAT-
DEHUMIDIFY
/ HEAT
DEHUMIDIFY

FROST

NO

6,044,653

452

HEAT




U.S. Patent Apr. 4, 2000 Sheet 44 of 75 6,044,653

FIG. 50

O D FAN Hi
! OD FAN Lo
O D FAN OFF
225 235 285Kg 4
N\ J
PRESSURE
FIG. 51
DEHUMIDIFY
460 — No
Yes 162

UNDER-1°C /T\%R °C

roon- Tset .
\’—1’”{ 461
J
OD FANdown OD FAN up

< RETURN )




U.S. Patent Apr. 4, 2000 Sheet 45 of 75 6,044,653

FIG. 52
3?5 ?OO 303
- _ D/ — N\
[ =4 W7 | & | W ]

o>
j =
107 /‘i FAN coOL | HEAT | DEF }

[//m
315/\ D%}ICE 1):::( (D)) m— )
314 316



6,044,653

Sheet 46 of 75

FIG. 53

Apr. 4, 2000

U.S. Patent

201

7

_—~—-202
=255
=
P
|
==

111

lof7 218
212

———— e —— —

S,

HEE B .
L




U.S. Patent Apr. 4, 2000 Sheet 47 of 75 6,044,653

FIG.54

Con D)

l HEAT lggﬁﬁwmw lDEHUMDIFY COOL OEICE
213
213 Yl HEAT CooL f
) /
VALVE 531
J OPEN VALVE CLOSE S
231
\ y y
1 SHUTTER OPEN CLOSE j255
255

b6 0 © ©



U.S. Patent

Apr. 4, 2000

Sheet 48 of 75

6,044,653

\ \
OD FAN OgFIF:AN O D FAN OD FAN
MAX A N
470

472 /]

INVERTER INVERTER
Hz Hz
’ 7 N
Y
A/M
MAX HOT 414

7
(RETURN)




U.S. Patent Apr. 4, 2000 Sheet 49 of 75 6,044,653

FIG. 56

475

481
R
Niax HOT 473
7 /
0D FAN 0D FAN
OODFEAN 478 o /
- ]

J—<FAN 480
i! i INTERMEDIATE

INVERTER |NVERTER
HZ

l \P

4372 ( rewmn )




U.S. Patent

Apr. 4, 2000

FIG. 57

£

Sheet 50 of 75

A/M

472 -

MaxcooL §— 486
Y
0D FAN
N gy
471
473
J
INVERTER INVERTER
"z HZ
|
(RETURN)
FIG. 58
Y or 468
Y
g |
Y
[NXAEA‘}?(TER 4490
y

(RETURN)

6,044,653



6,044,653

Sheet 51 of 75

Apr. 4, 2000

U.S. Patent

ALIgy ALIIEY Allgy ALINI8Y
XYW gNmoos O [ XYW ofimood O [ XYW gNpvan O [XWW guivan O
— 1 — 1 r ! f !

-0
=
<

XV _ 3
v O.L=3L i ™
" “ a
m m J xvn
| _ 19
“ @]
“ W]
440 ! 2
" =
| H " _ =
. _ . 71000
7000 XYW
10OH \
XVIN W/
1OH XV _ LOH XVIW |
: ; J10OH
35010 N3dO N3dO N3dO N340 Y3L1NHS
38070 35070 3s070 3s010 N3dO IATA
Iz
1000 7000 7000 1V3H LV3H 22
30130 7002 A4IQINNHIA ASIQINNH3A - LY3H LV3H
6G 9ld



U.S. Patent Apr. 4, 2000

Sheet 52 of 75 6,044,653
=
O
‘_
<L
oJ =3
™ O
KU 0a
O
L)
o

FIG.60




6,044,653

Sheet 53 of 75

Apr. 4, 2000

U.S. Patent

NOILVYINJdI03Y

L0

t

19 Ol



6,044,653

Sheet 54 of 75

Apr. 4, 2000

U.S. Patent

LOZ

NOILYIN2YID3Y ﬁw %

HS344

4

¢9 9Ol



U.S. Patent Apr. 4, 2000 Sheet 55 of 75

)
o
o
o

2

"1 207

@ RECIRCULATION

D)
S T
RS
o
QN
N Y
O
0 C’ﬂﬂ
Tl o il
RN N
Te %
15—
) U

=
N
w



U.S. Patent Apr. 4, 2000 Sheet 56 of 75 6,044,653

FIG. 64

—~

3

| L= )
k%m‘?ﬁmgﬂ@ﬁ]

=== I — :@
10 | LO-MID—H| (E ECONOO {C@ - .&gb}’\-'C}Od
T L

) oo | ] — | — |
HEAT -
OFF FAN | cooL | HEAT |bfium- | oERoM
307— IDIFY

1 —T Toere — () /=
35 \} \\} )
314 316



U.S. Patent Apr. 4, 2000 Sheet 57 of 75 6,044,653

FIG. 65

231 DEF

o ¢ ¢

206 l:%J L) 148
O ——
1 \ 141
© 203 ~
e 207 T+ o / = VENT
b 144

RN 4 S SN
T 13
132 250 oo

329 + 145

SENSOR
UNF—213

201



6,044,653

Sheet 58 of 75

Apr. 4, 2000

U.S. Patent

FIG. 66

Mﬂ
L —
w L
3 s
T
Theg &
- S = 2
Ll
e 3 -
s o
9 | m Y]

o

1

212

208
25

I
I
I
!
[
1
t
!
!
I
i
]
!
]
!
|
1
1

e




6,044,653

Sheet 59 of 75

Apr. 4, 2000

U.S. Patent

FIG. 67

206

mm——————————

w -
= L
S W S <
qLﬁ _oﬂ‘lq 3
- 0
u H_ ™ ﬁ __ 5 x M%
W I &
Dﬁu _\\\ //“nvm % & w m m%
o] | ﬁ.nOuA ¥ 9 g o 7 o
o \] ~o™ W. o w mw
NG S AT TES
qOo L ﬁu:hu:.m =-_ "
|
———— e ~N |
B % :
| | _"
= Q bl L
Qo bl |
Ol P! I
8 NI — o] | !
B AN
] 4 __3
| T B I
“ IEREEY _“
| | o __
| ___- __
" Lol oy L
_ bl (!
| g I ! _“
| T \ |
SR
- I
SRR |
ﬁlllllIIIIL




U.S. Patent Apr. 4, 2000 Sheet 60 of 75 6,044,653

FIG. 68

{231
FRESH

J 2t & 5 e
s 201) | 322 00 ==y
RECIRCU-,/ \ /

LATION /

141
! 131 Jk
, ’3,:9
/ VENT
LA 1
132 \l
e -
S 502 : 1 \{_E_Nl%/L F¥%DEEF FRER%:
230 230 ?’é’ ] TEMP
213 = COOL A/COFFHOT] |ECON
L FAN ECON
— gg HI 2
@

212




6,044,653

Sheet 61 of 75

Apr. 4, 2000

U.S. Patent

|||||||||||| ——— Ad1QINNH30 <9
J\ cle “ mwp_*_moo_xszmal @ dd3 LLe
S| " tvan = @ " 1000« @ 80¢
m [ <@\2
) L N TG T
] [ J_
“ B 192 /mwﬂ _
1292 |ogz Nom | |
m , Y QO m @ 34l ~ m N.
! _ 0¢
I @+ < W:_ K > 8 I |
| i © M Ol
092 7 S o0 |
_ e W e
e T
o0” @ ¢ oL

69 Old



6,044,653

w
~
[T
el
< 3
b Nd
-P)
=]
N
@]
N~
0 L]
2 Q
< (T
o
[=7
<« ™
(@»)
[ I 4 V|
(aw]
Sl
\
@ i
=

U.S. Patent
1 701
\

FIG. 71




U.S. Patent Apr. 4, 2000 Sheet 63 of 75 6,044,653




6,044,653

Sheet 64 of 75

Apr. 4, 2000

U.S. Patent

e —

00¢
{
2¢!
ﬁ\\ v //J_
202 ¢ osr Wtz | |
A 49, ) 102
| © |
_
d %\“Tvvm | |
H 162 /62 . | —00L
99 6¢ |
¢ m 02
_ _
. 00 § lOL
vl 9Ol




6,044,653

Sheet 65 of 75

Apr. 4, 2000

U.S. Patent

llllllllllllllll T

22 N_Nm

T
1A

|

|

|

|

|

, |
4dH m_ﬂglv Q“__
|

|

|

i \\\ .@ ///J

[Sh @@N/Omf 202 o BN/OWQI. Lzl | m
29 \ a9 M : ~L02

fa t |

| < | |

G92 ! ®© |

\M@N ah P “Tvﬁ | |

H Aw 162 , |

992 962 | _
092 — M L“)SN

lllllllllllllll - %ll_.  —

oor ¥

Gl 9ld



6,044,653

Sheet 66 of 75

Apr. 4, 2000

U.S. Patent

..... _ ‘I{!INW.ME

B _
l\, ILF " 4 \\\\ MW //.//_
[SH | 192 T2 |
892 _ 204 H L1Z] 1 _
N e [ : c c RK +—t |
F4a'H ) | cgz | © |
122 NInrtE ] u_lvwa | |
X . SRR [+% | €02 |
0L¢ | 86¢ L |
| 1092 | |
|||||||||||||||| - 992 J”nzw%, E;W?Ll
I _

00L ¢ 10L
9/ 914




6,044,653

Sheet 67 of 75

Apr. 4, 2000

U.S. Patent

- ———— e . . e — —— ——— — St o T S e e ey

||||||||||| w .NHN{NI&.M
IR NE .

10—qI™ . !
PR

Sl "_
B | |

4QH ]
|

112 ? m

VAR !

YO
llllll!lllllKl._




U.S. Patent Apr. 4, 2000 Sheet 68 of 75 6,044,653

L N
O
(o) ot
& T (
\\ ———
N
DO
I
aJ
~
0o
N
(4N
O
(qN]
[00)
N
o
L
— oJ
Nd )
—'—_——’—_—-_——'—_'——_——\\
AN
AN
\\
"\
-]
ad
//
— | y




6,044,653

Sheet 69 of 75

Apr. 4, 2000

U.S. Patent

Jel

6/ Old

+—L0¢

o
=)



U.S. Patent Apr. 4, 2000 Sheet 70 of 75 6,044,653

o0
D
N -
o
—
4
-
-/ OO
o
J
oJ
-~
N
—p—1
O A
de)
DO
®) oJ
(00) TQ
(.2 UI‘T @) =
L & l <t
ST T T T T N
S B N
] _____// O N N
™~

201



6,044,653

Sheet 71 of 75

Apr. 4, 2000

U.S. Patent

2C!
T T T T T T T T TS S 51 1
[ N—N N_‘N_
-y =t
102 ﬁL m / \
| SNV _\ | -001
_ m | |
_ _ |
| | P S RN I L
| | 202 00.) - “
| | |
] | N
| _@ //
! . ] TN
| .m; ?u m A = WM “ \ \
9 H  $ g » 7
| 992 962 o N
| 092 ” |
................. 5 | s |
| _
. ] |
18 Old I_szssu 3<N§ﬁ
ooL ¥ 1oL



U.S. Patent Apr. 4, 2000 Sheet 72 of 75 6,044,653

~ 207

185 RECIRCULATION

. S\ T
%I O 0
de) % o
O T
d
%' § 0 % S
" < )
TN L, .
™ Je
v J L%m‘:;
It
Ser—E >4 o

-4-4
-4

‘:;t 11 “ﬁ 171
iy d\w

O
QM



U.S. Patent Apr. 4, 2000 Sheet 73 of 75 6,044,653




6,044,653

Sheet 74 of 75

Apr. 4, 2000

U.S. Patent

N

LO&™

0o~ [
-1 v8i




6,044,653

Sheet 75 of 75

Apr. 4, 2000

U.S. Patent

_—¢l¢

LOS T

3

) O ¢
11

G8 Ol



6,044,653

1

AUTOMOTIVE AIR CONDITIONER HAVING
CONDENSER AND EVAPORATOR
PROVIDED WITHIN AIR DUCT

This is a division of application Ser. No. 08/781,047,
filed Jan. 9, 1997 now U.S. Pat. No. 5,782,102, which is a
division of application Ser. No. 08/332,062 filed Nov. 1,
1994, now U.S. Pat. No. 5,642,627, which is a division of
application Ser. No. 08/138,207 filed Oct. 20, 1993, now
abandoned, which is a division of application Ser. No.
07/873,430 filed Apr. 24, 1992, now U.S. Pat. No. 5,299,431
issued Apr. 5, 1994.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to an automotive air conditioner for
conditioning air in a room of an automobile. The automotive
air conditioner of the present invention is effectively applied
to an automobile which does not have a surplus heat source
such as, for example, an electric automobile.

2. Description of the Prior Art

Usually, an automotive air conditioner makes use, in order
to heat air, of heat from cooling water for an engine for
driving an automobile. However, heating of air is performed
using a heat pump when the amount of heat of cooling water
for an engine is insufficient or when an automobile does not
originally have engine cooling water such as an electric
automobile.

For example, in an automotive air conditioner disclosed in
Japanese Patent Laid-Open Application No. 60-219114, a
flow of refrigerant is changed over by means of a four-way
valve such that an inside heat exchanger is used either as an
evaporator to cool air or as a condenser to heat air.

With the automotive air conditioner wherein cooling
operation and heating operation are performed alternatively
by changing over of a four-way valve in this manner, since
the single heat exchanger changes its function immediately
between a function of an evaporator and another function of
a condenser, there is the possibility that, particularly when
the function is changed over, a large amount of moisture
may be blasted from a surface of the inside heat exchanger
toward the inside of the room of the automobile.

In particular, water condensed on a surface of the inside
heat exchanger during cooling operation is evaporated from
the surface of the inside heat exchanger as a result of
changing over to heating operation and then carried into the
room of the automobile by a blower. Such blasting of a large
amount of water will instantaneously fog a windshield
and/or window glass. The fog will make an obstacle to a
field of view in driving the automobile and is very incon-
venient.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
automotive air conditioner for an automobile, which has an
engine of the type wherein engine cooling water does not
make a sufficient heat source or has no surplus heat source
such as an electric automobile, wherein desirable air con-
ditioning can be performed making full use of a variation of
heat involved in condensation and evaporation in a refrig-
erating cycle.

Particularly, according to the present invention, heat
exchangers disposed in a duct are specified in function as a
heater and an evaporator so that it is prevented that a single
heat exchanger alternatively functions as a heater or an
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evaporator. In other words, it is another object of the present
invention to provide an automotive air conditioner which
prevents such a situation even when an operating mode in air
conditioning is changed over that a large amount of moisture
is evaporated to cause fogging of the windshield of an
automobile and so forth.

It is a further object of the present invention to provide an
automotive air conditioner wherein the capacity of a com-
pressor can be variably controlled by driving the compressor
by means of an electric motor and air conditioning can be
performed efficiently with a low power by suitably control-
ling the discharging capacity of the compressor and
re-heating of air by means of a heater.

It is a still further object of the present invention to
provide an automotive air conditioner wherein cooling
operation or heating operation can be performed efficiently
by controlling a flow of refrigerant to an outside heat
exchanger which is provided to complement the capacities
of a heater and an evaporator disposed in a duct.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein cooling operation,
dehumidifying operation and heating operation can be per-
formed effectively by wvariably controlling an air flow
bypassing an evaporator and a heater disposed in a duct by
means of a damper.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein cooling operation,
dehumidifying operation and heating operation can be
achieved by suitably controlling a flow of refrigerant dis-
charged from a compressor between an evaporator and a
heater disposed in a duct and an outside heat exchanger
disposed outside the duct.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein cooling operation,
dehumidifying operation and heating operation can be
achieved better by varying the heat exchanging capacities of
an outside condenser and an outside evaporator provided to
complement the condensing and evaporating functions of a
heater and an evaporator.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein the operation thereof
can be changed over between heating operation in which
refrigerant circulates in the order of a compressor, a heater,
decompressing means and an outside heat exchanger and
dehumidifying operation in which the refrigerant flows in
the order of the compressor, the heater, the outside heat
exchanger, the decompressing means and an evaporator by
changing over the flow of the refrigerant and heating opera-
tion can be maintained while preventing fogging up of the
windshield and so forth by changing over the operation
suitably to dehumidifying operation when necessary even in
a condition of heating operation.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein the operation is
changed over between a heating operation condition and a
dehumidifying operation condition by changing over means
and defrosting of an outside heat exchanger can be achieved
by changing over, even in a heating operation condition, the
operation to a dehumidifying operation condition in a con-
dition wherein it is forecast that the outside heat exchanger
may be frosted.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein the operation is
changed over between a heating operation condition and a
dehumidifying operation condition by changing over means
and defrosting of an evaporator can be achieved well by
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changing over, even in dehumidifying operation, the opera-
tion to heating operation in a condition wherein it is forecast
that the evaporator may be frosted.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein the condensing pres-
sure of refrigerant in a heater can be varied to control the
temperature of the heater by performing condensing of the
refrigerant, in dehumidifying operation, by both of the
heater and an outside heat exchanger and varying the
condensing capacity of the outside heat exchanger.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein the pressure of refrig-
erant in an evaporator is prevented from dropping below a
predetermined value thereby to prevent fogging up of an
inside evaporator by providing a flow of refrigerant which
bypasses the inside evaporator and changing over the refrig-
erant between a flow which flows to the inside evaporator
side and another flow which flows to the bypass passageway
by means of a solenoid valve.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein high pressure side
refrigerant in a refrigerating cycle can have a sufficient
subcooling degree and efficient operation of the refrigerating
cycle can be performed by dividing an inside heater into a
plurality of inside heaters and using the inside heater on the
upstream side of a refrigerant flow as a condenser which
performs condensing of the refrigerant while using the
inside heater on the downstream side of the refrigerant flow
as a subcooler which performs radiation of heat of con-
densed high pressure liquid refrigerant.

It is a yet further object of the present invention to provide
an automotive air conditioner wherein the amount of heat to
be absorbed upon operation of a heat pump is increased to
enhance the heating capacity by using an inside heater as a
condenser and using both of an inside evaporator and an
outside heat exchanger as evaporators when the heating load
is high such as upon starting of heating operation under a
low temperature and particularly when heating by inside air
circulation is performed.

It is a yet further object of the present invention to provide
an automatic air conditioner wherein an inside heater is
divided into an inside condenser and an inside subcooler and
throttling amount control of expanding means can be per-
formed appropriately even in a condition wherein refrigerant
does not substantially flow into either of the inside con-
denser and the inside subcooler in a cycle in which the
throttling amount of the expanding means is varied so that
a predetermined subcooling amount may be obtained with
the inside subcooler.

It is a yet further object of the present invention to provide
an automatic air conditioner wherein a receiver for suitably
absorbing a variation of a flow rate of refrigerant which
circulates in a refrigerating cycle can be installed well in the
refrigerating cycle.

It is an additional object of the present invention to
provide an automatic air conditioner wherein, even in case
frost is detected an a surface of an evaporator when dehu-
midifying operation is to be performed, defogging of the
evaporator can be performed without involving a great
variation of the temperature of air to be blasted.

In order to attain the objects, according to the present
invention, the construction is employed wherein an evapo-
rator and a heater which constitute a refrigerating cycle are
disposed in a duct which defines an air passageway.

Further, according to the present invention, a bypass
passageway is formed sidewardly of a heater in a duct, and

10

15

20

25

30

35

40

45

50

55

60

65

4

the amount of air to pass the bypass passageway and the
amount of air to pass the heater are variably controlled
continuously using an air mixing damper.

Further, according to the present invention, the cooling
capacity of an evaporator in a duct and the heating capacity
of a heater in the duct are suitably controlled by suitably
controlling a flow and a flow rate of refrigerant to flow into
the heater and the evaporator in the duct and also into an
outside heat exchanger outside the duct.

Further, according to the present invention, a compressor
is driven by an electric motor, and the speed of rotation of
the electric motor is continuously controlled by a controller
to variably control the discharging capacity of a compressor.

Further, according to the present invention, an outside
heat exchanger is disposed outside a duct so that the heat
exchanging performance of a heater or an evaporator may be
complemented by the outside heat exchanger.

Further, according to the present invention, changing over
means is disposed so that a flow of refrigerant passing an
outside heat exchanger may be changed over in response to
an operation condition required for the automotive air
conditioner, that is, a heating operation condition or a
cooling operation condition.

Further, according to the present invention, an outside
heat exchanger is divided into an outside condenser used
only for condensation and an outside evaporator used only
for evaporation and varying means are provided for varying
the condensing function of the outside condenser and the
evaporating function of the outside evaporator.

Further, according to the present invention, changing over
means is provided so as to effect changing over control
among a cooling operation condition wherein refrigerant
circulates in the order of a compressor, an outside heat
exchanger, decompressing means and an evaporator, a heat-
ing operation condition wherein refrigerant circulates in the
order of the compressor, the heater, the decompressing
means and the outside heat exchanger and a dehumidifying
operation condition wherein refrigerant circulates in the
order of the compressor, the heater, the outside heat
exchanger, the decompressing means and the evaporator.

Further, according to the present invention, in a condition
wherein it is forecast that the windshield of a room of an
automobile is fogged, changing over means is controlled to
be driven to change over the operation from a heating
operation condition to a dehumidifying operation condition.

Further, according to the present invention, in a condition
wherein freezing of an evaporator is forecast, changing over
means is controlled to be driven to change over the operation
from a dehumidifying operation condition to a heating
operation condition.

Further, according to the present invention, means is
provided for changing over, in a condition wherein freezing
of an outside heat exchanger is forecast, refrigerant to be
admitted into an outside heat exchanger from a low pressure
condition after passing expanding means to a high pressure
condition before passing the expanding condition.

Further, according to the present invention, means for
varying the capacity of an outside heat exchanger is
provided, and upon dehumidifying operation in which both
of the outside heat exchanger and a heater perform conden-
sation of refrigerant, the capacity of the outside heat
exchanger is varied to vary the condensing temperature of
the heater.

Further, according to the present invention, a bypass
passageway for flowing refrigerant bypassing an inside



6,044,653

5

evaporator is provided, and a flow of refrigerant is controlled
to be changed over by a solenoid valve between a flow
which flows to the inside evaporator side and another flow
which flows to the bypass passageway side.

Further, according to the present invention, an inside
heater is divided into a plurality of inside heaters, and the
inside heater on the upstream side in a flow of refrigerant
operates as an inside condenser while the inside heater on
the downstream side in a flow of refrigerant functions as an
inside subcooler.

Further, according to the present invention, an inner
heater functions as a condenser while an outside heat
exchanger functions as an evaporator upon heating
operation, and when the heating load is particularly high,
changing over of a flow of refrigerant is controlled so that
also the inside evaporator operates as an evaporator together
with the outside heat exchanger.

Further, according to the present invention, such a con-
struction is employed that an inside heater is divided into an
inside condenser and an inside subcooler to achieve a
refrigerating cycle in which the throttling amount of an
expansion valve is controlled so that a predetermined sub-
cooling degree can be obtained, and refrigerant flows into
the inside subcooler upon heating operation and upon dehu-
midifying operation.

Further, according to the present invention, such a con-
struction is employed that a refrigerating cycle wherein a
receiver is disposed on the upstream side of expanding
means in a flow of refrigerant is formed and the location of
the receiver is always positioned on the upstream side of the
expanding means even if the operation is changed over to
any of cooling operation, heating operation or dehumidify-
ing operation.

Further, according to the present invention, an automotive
air conditioner adopts such a construction that, when a
frosted condition of an evaporator is forecast or detected
upon dehumidifying operation wherein a heat exchanger on
the upstream side in a duct functions as a refrigerant
evaporator and another heat exchanger on the downstream
side in the duct functions as a refrigerant condenser, the
condition of an outside heat exchanger is changed over
between a condition wherein it is not used as a heat
exchanger between refrigerant and air or it is used as a
refrigerant condenser to another condition wherein it is used
as a refrigerant evaporator.

Because the construction described above is employed,
with the automotive air conditioner, the evaporator disposed
in the duct only performs cooling of air while the heater
disposed in the duct only performs heating of air.
Accordingly, such a situation is eliminated that a single heat
exchanger alternatively performs cooling of air or heating of
air in accordance with an operation condition. Besides, since
cooling of air by the evaporator and heating of air by the
heater are used in combination, appropriate temperature
control can be achieved while performing dehumidification
of air.

Further, with the automotive air conditioner, the cooling
capacity can be varied to vary the temperature of air after
passing the evaporator by variably controlling the discharg-
ing capacity of the compressor.

Further, with the automotive air conditioner, while the
outside heat exchanger is disposed outside the duct and
performs heat exchanging between outside air and
refrigerant, the heat exchanging function of the heater or the
evaporator by changing over a flow of refrigerant to flow to
the outside heat exchanger between a flow of refrigerant to
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flow to the heater and a returning flow of refrigerant from the
evaporator. In this instance, the outside heat exchanger has
a function as a condenser or a function of an evaporator by
changing over the flow of refrigerant. However, since the
outside heat exchanger performs heat exchanging between
air outside the duct and refrigerant, even if moisture is
produced by a large amount at some location upon changing
over operation, this will not make an obstacle to driving of
the automobile or the like.

Further, with the automotive air conditioner, since the
bypass passageways are provided sidewardly of the evapo-
rator and the heater and the ratio of a flow rate of air flowing
through either one of the bypass passageways to another
flow rate of air flowing through the evaporator or the heater
is controlled by the damper, cooling of air and heating of air
in the duct can be controlled. As a result, useless cooling and
useless re-heating of air can be eliminated.

Further, with the automotive air conditioner, since the
outside heat exchanger is divided into the outside condenser
and the outside evaporator installed separately, also the
outside heat exchanger is always specified in function. and
the outside condenser and the outside evaporator are
installed at optimum locations in accordance with respective
functions. Further, in this instance, since the varying means
is employed for varying the heat exchanging functions of the
outside condenser and the outside evaporator, the functions
of the condenser and the evaporator installed in the duct can
be variably controlled in connection with the functions of
the outside condenser and the outside evaporator.

Further, with the automotive air conditioner, since the
bypass passage for flowing refrigerant bypassing the evapo-
rator is provided and a flow of refrigerant is controlled to be
changed over between the evaporator side and the bypass
passageway side, when the pressure of refrigerant in the
evaporator becomes lower than a predetermined value,
refrigerant can be flowed to the bypass passageway side.
Since refrigerant does not flow through the evaporator when
refrigerant flows to the bypass passageway side, the pressure
of refrigerant in the evaporator rises as a result. Then, when
the pressure of refrigerant in the evaporator rises higher than
the predetermined value, refrigerant is changed over so that
it may be flowed to the evaporator side again. The pressure
of refrigerant in the evaporator can be controlled to the
predetermined value by performing such changing over as
described just above.

Further, with the automotive air conditioner, since the
inside heater is formed separately as a heat exchanger which
functions as a condenser and another heat exchanger which
functions as a subcooler for subcooling condensed liquid
registrant, refrigerant on the high pressure side in the refrig-
erating cycle can have a sufficiently high subcooling degree,
and efficient operation of the refrigerating cycle can be
performed.

Further, with the automotive air conditioner, upon heating
operation, radiation of heat is performed by the inside heater
while the inside heat exchanger serves as an evaporator in
which absorption of heat is performed, and when the heating
load is particularly high such as upon starting of heating in
a low temperature condition, refrigerant passes also through
the evaporator so that absorption of heat may be performed
also in the evaporator. The heating capacity can be enhanced
by increasing the amount of heat absorption in this manner.

Further, with the automotive air conditioner, the inside
heater is divided into the condenser and the subcooler, and
a temperature sensing tube is provided for varying the
throttling amount of the expanding means so that the sub-
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cooling degree of refrigerant on the exit side of the inside
condenser may be substantially constant in order that refrig-
erant passing the subcooler may have a predetermined
subcooling degree. In the refrigerating cycle having such a
construction as described just above, even in a condition
wherein no refrigerant flows into the inside condenser and
the inside subcooler, operation of the refrigerating cycle can
be performed with certainty by employing a fixed throttle in
addition to throttling for the expanding means provided by
the temperature sensing tube.

Further, with the automotive air conditioner, since, upon
dehumidifying operation, the heat exchanger on the
upstream side in the duct functions as a refrigerant evapo-
rator and the heat exchanger on the downstream side in the
duct functions as a refrigerant condenser, when air passes
through the evaporator on the upstream side, it is cooled,
whereupon saturated vapor is removed from the air, where-
after it is heated when it passes through the heater on the
downstream side, and after then, it is blasted into the room
of the automobile. Then, if the temperature of the evaporator
drops to a temperature at which frosting occurs or to a
temperature near to such temperature at which frosting
occurs, the controlling apparatus detects or forecasts such
frosting by means of the frost sensor. Then, the controlling
apparatus controls the flow passage changing over means to
change over the outside heat exchanger from a condition
wherein the outside heat exchanger is not used as a heat
exchanger between refrigerant and air or is used as a
refrigerant condenser to another condition wherein the out-
side heat exchanger is used as a refrigerant evaporator.

Then, since the evaporator and the outside heat exchanger
both function as refrigerant evaporators, the evaporating
pressure is raised, and frosting of the heat exchanger on the
upstream side is prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic view showing a preferred
embodiment of the present invention;

FIG. 2 is a Mollier chart illustrating an operating condi-
tion of the automotive air conditioner shown in FIG. 1;

FIG. 3 is a diagrammatic view showing another preferred
embodiment of the present invention;

FIG. 4 is a flow chart illustrating an example of control of
the automotive air conditioner shown in FIG. 3;

FIG. 5 is a diagrammatic view showing a further preferred
embodiment of the present invention;

FIG. 6 is a Mollier chart illustrating an operation condi-
tion of the automotive air conditioner shown in FIG. §;

FIG. 7 is a diagrammatic view showing a still further
preferred embodiment of the present invention;

FIG. 8 is a Mollier chart illustrating operation of the
automotive air conditioner shown in FIG. 7 in a cooling
condition;

FIG. 9 is a Mollier chart illustrating operation of the
automotive air conditioner shown in FIG. 7 in a heating
condition;

FIG. 10 is a flow chart illustrating an example of control
of the automotive air conditioner shown in FIG. 7,

FIG. 11 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 12 is a flow chart illustrating an example of control
of the automotive air conditioner shown in FIG. 11;

FIG. 13 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;
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FIG. 14 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 15 is a Mollier chart illustrating an operation con-
dition of the automotive air conditioner shown in FIG. 14 in
cooling operation;

FIG. 16 is a Mollier chart illustrating an operation con-
dition of the automotive air conditioner shown in FIG. 14 in
a heating condition;

FIG. 17 is a diagram illustrating an example of control of
the automotive air conditioner shown in FIG. 14;

FIG. 18 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 19 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 20 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 21 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 22 is a Mollier chart illustrating operation of the
automotive air conditioner shown in FIG. 21;

FIG. 23 is a Mollier chart illustrating another operation of
the automotive air conditioner shown in FIG. 21;

FIG. 24 is a Mollier chart illustrating a further operation
of the automotive air conditioner shown in FIG. 21;

FIG. 25 is a Mollier chart illustrating a still further
operation of the automotive air conditioner shown in FIG.
21,

FIG. 26 is a Mollier chart illustrating a yet further
operation of the automotive air conditioner shown in FIG.
21,

FIG. 27 is a Mollier chart illustrating a yet further
operation of the automotive air conditioner shown in FIG.
21,

FIG. 28 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 29 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 30 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 31 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 32 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 33 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 34 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 35 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 36 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 37 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 38 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 39 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 40 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 41 is a flow chart illustrating an example of refrig-
erating cycle control of the present invention;

FIG. 42 is a flow chart showing another form of the flow
chart shown in FIG. 41;
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FIG. 43 is a flow chart showing a further form of the flow
chart shown in FIG. 41;

FIG. 44 is a flow chart showing a still further form of the
flow chart shown in FIG. 41;

FIG. 45 is a flow chart showing a yet further form of the
flow chart shown in FIG. 41;

FIG. 46 is a flow chart showing a yet further form of the
flow chart shown in FIG. 41;

FIG. 47 is a flow chart showing another example of
refrigerating cycle control of the present invention;

FIG. 48 is a flow chart showing a further example of
refrigerating cycle control of the present invention;

FIG. 49 is a flow chart showing another form of the flow
chart shown in FIG. 48;

FIG. 50 is a diagram illustrating a form of control of a
blower for an outside heat exchanger of a refrigerating cycle
of the present invention;

FIG. 51 is a flow chart illustrating an example of control
when a refrigerating cycle of the present invention is used in
dehumidifying operation;

FIG. 52 is a front elevational view showing an example of
operation panel used in the present invention;

FIG. 53 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 54 is a flow chart illustrating an example of control
of the automotive air conditioner shown in FIG. 53;

FIG. 55 is a flow chart illustrating another example of
control of the automotive air conditioner shown in FIG. 53;

FIG. 56 is a flow chart illustrating a further example of
control of the automotive air conditioner shown in FIG. 53;

FIG. 57 is a flow chart illustrating a still further example
of control of the automotive air conditioner shown in FIG.
53,

FIG. 58 is a flow chart illustrating a yet further example
of control of the automotive air conditioner shown in FIG.
53,

FIG. 59 is a table illustrating operation modes of the
automotive air conditioner shown in FIG. 53 and operating
conditions of components of the same;

FIG. 60 is a diagrammatic schematic view showing a flow
of refrigerant upon heating operation of the is automotive air
conditioner shown in FIG. 53;

FIG. 61 is a diagrammatic schematic view showing a flow
of refrigerant upon dehumidifying heating operation of the
automotive air conditioner shown in FIG. 53;

FIG. 62 is a diagrammatic schematic view showing a flow
of refrigerant upon cooling operation of the automotive air
conditioner shown in FIG. 53;

FIG. 63 is a diagrammatic schematic view showing a flow
of refrigerant upon defrosting operation of the automotive
air conditioner shown in FIG. 53;

FIG. 64 is a front elevational view showing an example of
operation panel of the automotive air conditioner shown in
FIG. 53,

FIG. 65 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 66 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 67 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 68 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;
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FIG. 69 is a diagrammatic view showing a yet further
preferred embodiment of the present invention;

FIG. 70 is a diagrammatic schematic view showing a flow
of refrigerant upon heating operation of the automotive air
conditioner shown in FIG. 69;

FIG. 71 is a diagrammatic schematic view showing a flow
of refrigerant upon cooling operation of the automotive air
conditioner shown in FIG. 69;

FIG. 72 is a diagrammatic schematic view showing a flow
of refrigerant upon dehumidifying heating operation of the
automotive air conditioner shown in FIG. 69;

FIG. 73 is a diagrammatic schematic view showing a flow
of refrigerant upon dehumidifying defrosting operation of
the automotive air conditioner shown in FIG. 69;

FIG. 74 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 75 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 76 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 77 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 78 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 79 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 80 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 81 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 82 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 83 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention;

FIG. 84 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention; and

FIG. 85 is a refrigerant circuit diagram of an air condi-
tioner according to a yet further embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the following, embodiments of the present invention
will be described with reference to the drawings. Referring
to FIG. 1, a duct 100 which defines an air passageway is
disposed in a room of an automobile. A fan case 101 is
connected to an end of the duct 100, and a blower 132 is
disposed in the fan case 101. The blower 132 is driven to
rotate by a motor 133 disposed at a central location thereof.
An inside/outside air changing over section 130 is connected
in the fan case 101, and an inside air inlet port 134 and an
outside air inlet port 135 are opened at the inside/outside air
changing over section 130. An inside/outside air changing
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over damper 131 is disposed in the inside/outside air chang-
ing over section 130, and air to be introduced into the duct
100 can be changed over between inside air and outside air
of the automobile.

The duct 100 has a plurality of spit holes formed at an end
portion thereof for blowing out conditioned air into the room
of the automobile. The spit holes include a vent spit hole 144
for principally blowing out a cool wind toward the head and
breast portions of passengers, a foot spit hole 145 for
principally blowing out a warm wind toward the legs of
passengers, and a def spit hole 146 for principally blowing
out a warm wind toward the windshield. A vent damper 143,
a foot damper 143 and a def damper 141 are provided at the
spit holes 144, 145 and 146 for controlling air flows to the
spit holes 144, 145 and 146, respectively.

An evaporator 207 of a refrigerating cycle is disposed in
the duct 100, and a condenser 203 of the refrigerating cycle
is disposed on the downstream side of the evaporator 207
similarly in the duct 100. It is to be noted that the evaporator
207 operates as a cooler which takes heat of vaporization
away from air for conditioning or air upon heat exchanging
thereby to cool the air. Meanwhile, the condenser 203
operates as a heater which radiates heat of condensation to
air upon heat exchanging thereby to heat the air.

A bypass passageway 150 is disposed sidewardly of the
inside condenser 203 in the duct 100, and an air mixing
damper 154 is disposed for pivotal motion at an end thereof
in the duct 100 for variably continuously controlling the
ratio between the amount of air flowing through the bypass
passageway 150 and the amount of air flowing through the
condenser 203.

It is to be noted that the refrigerating cycle includes a
compressor 201 which is driven by an electric motor not
shown to compress and discharge refrigerant. Since the
compressor 201 is disposed in an enclosed casing integrally
with the electric motor, the location thereof is not limited to
a particular location. It is only preferable for the compressor
201 to be disposed at any other location than within the room
of the automobile for the convenience of maintenance and so
forth. Refrigerant in a high temperature, high pressure
condition discharged from the compressor 201 is condensed
by an outside heat exchanger 202. The outside heat
exchanger 202 operates only as a condenser and is disposed
at a forward location in the advancing direction of the
automobile so that good heat exchanging can be effected
with outside air. In other words, the outside heat exchanger
202 meets with a driving wind during driving of the auto-
mobile so that refrigerant thereof can be cooled well.
Meanwhile, the condenser 203 is coupled to the outside heat
exchanger 202 by way of a refrigerant pipe. Liquid refrig-
erant condensed by passage through the condenser 203 flows
once into a receiver 205. The receiver 205 has a compara-
tively great volume so that it can keep surplus refrigerant in
the form of liquid therein. An interface between gas and
liquid appears in the receiver 205, and only liquid refrigerant
is delivered to expanding means 206 side. The expanding
means 206 is, in the present automotive air conditioner, a
temperature differential expansion valve which varies the
throttling amount thereof in response to a degree of super-
heat of refrigerant on the exit side of the evaporator 207. In
particular, the expansion valve 206 receives a signal from a
temperature sensing tube 204 and varies the throttling
amount thereof in response to the signal so that the superheat
on the exit side of the evaporator 207 may normally be
constant. The expansion valve 206 is disposed in the prox-
imity of the evaporator 207. On the other hand, while the
location of the receiver 205 described above is not particu-
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larly limited, it is preferably disposed outside the room of
the automobile, for example, in the engine room for the
convenience of maintenance and so forth.

An operation panel 300 is disposed at a location within the
room of the automobile at which it can be visually observed
readily by a passenger. The operation panel 300 includes a
fan lever 301 for controlling the speed of rotation of the
blower motor 133, a temperature adjusting lever 302 for
controlling the opening of the air mixing damper 154, a
mode changing over lever 303 for controlling the spit hole
dampers 142, 143 and 141, an operating lever 304 for
controlling the inside/outside air changing over damper 131
to make a changing over operation, an air conditioner switch
305 for starting operation of the automotive air conditioner,
an economy switch 306 for causing the automotive air
conditioner to operate in a power saving mode, and an off
switch 307 for stopping operation of the automotive air
conditioner.

A temperature sensor 322 detects a temperature of air on
the exit side of the evaporator 207, and normally the
discharging amount of the compressor 201 is controlled in
accordance with a signal from the temperature sensor 322 so
that the temperature of air on the exit side of the evaporator
207 may range from 3 to 4 degrees. However, when the
economy switch 306 is switched on, the discharging amount
of the compressor 201 is variably controlled in response to
a signal from the sensor 322 so that the air temperature on
the exit side of the evaporator 207 may range from 10 to 11
degrees.

A sensor 323 detects a pressure of refrigerant on the
upstream side of the expanding means 206. A refrigerant
pressure detected by the sensor 323 is substantially equal to
a pressure of refrigerant in the compressor 203, and a
saturation condensation temperature of refrigerant in the
condenser 203 is calculated from the pressure.

Subsequently, operation of the automotive air conditioner
having such construction as described above will be
described.

If the air conditioner switch 305 is switched on and the fan
switch 301 is set to any of positions LO, MID and HI, then
the compressor 201 starts its rotation and the fan motor 133
is rotated at a selected speed. Gas refrigerant in a high
temperature, high pressure condition discharged from the
compressor 201 is condensed at part thereof in the outside
heat exchanger 202 and condensed at the remaining part
thereof in the condenser 203 disposed in the duct 100.
Refrigerant thus condensed into liquid is then separated
from gas in the receiver 205, and only the liquid refrigerant
is supplied to the expanding means 206. The liquid refrig-
erant is adiabatically expanded into mist of a low tempera-
ture and a low pressure by the expanding means 206 and
then supplied into the evaporator 207. In the evaporator 207,
the mist refrigerant exchanges heat with air supplied thereto
from the blower 132. In particular, the mist refrigerant takes
heat of vaporization away from the air so that it is vaporized
while it remains in a low pressure condition. The thus
vaporized gas refrigerant is sucked into the compressor 201
again.

FIG. 2 is a Mollier chart illustrating an operation condi-
tion of the refrigerating cycle. A solid line in FIG. 2 shows
a condition wherein the air mixing damper 154 assumes its
fully open position as shown in FIG. 1. In other words, the
solid line shows a condition wherein blasting air flows into
the condenser 203. As seen from FIG. 2, condensation is
performed by the outside heat exchanger 202 and the
condenser 203. In this condition, an enthalpy Al obtained in



6,044,653

13

the condenser 203 is consumed for heating of air, and
accordingly, air having passed the evaporator 207 and the
condenser 203 will perform a cooling action by an amount
corresponding to an enthalpy Ie.

Abroken line in FIG. 2 shows a condition wherein the air
mixing damper 154 assumes its fully closed condition. In
this condition, no flow of air is introduced into the condenser
203. Accordingly, condensation of refrigerant is performed
all by the outside heat exchanger 202. In this instance,
however, since the effective capacity of the heat exchangers
is decreased by the capacity of the condenser 203, the
pressure necessary to condense refrigerant is increased. In
particular, the pressure on the discharging side of the com-
pressor 201 is increased a little. On the other hand, the
pressure on the sucking side of the compressor 201 is
maintained constant independently of the opening of the air
mixing damper 154 because it is controlled by the expanding
means 206.

Then, in such a condition wherein the air mixing damper
154 is in a fully closed position as indicated by the broken
line in FIG. 2, since the loss in enthalpy by the condenser
203 can be ignored, the cooling function of the evaporator
207 can be used as it is for cooling.

Subsequently, a condition of a flow of air in this instance
will be described. Air selectively supplied by the inside/
outside changing over damper 131 is supplied into the
evaporator 207 by the blower 132. Here, when the air passes
the evaporator 207, it is cooled by vaporization of refrigerant
so that it has a temperature ranging from 3 to 4 degrees on
the exit side of the evaporator 207, and in this condition, it
comes to the bypass passageway 150 and the condenser 203.

The air flow is suitably selected by the air mixing damper
154. In particular, in a condition wherein maximum cooling
is required, the air mixing damper 154 closes the condenser
203 so that the cooled air is introduced as it is to the spit hole
side. In case it is desired to raise the temperature of air to be
blown out, the air mixing damper 154 is opened so that part
of the air may be introduced into the condenser 203. Air
introduced into the condenser 203 is re-heated in the con-
denser 203 to a predetermined temperature and then mixed,
in an air mixing chamber 155, with air having passed the
bypass passageway 150.

The thus conditioned air is blown out into the room of the
automobile from a selected one or ones of the dampers 142,
143 and 141. When the mode switch 303 is at its vent mode
position, only the vent damper 142 is opened while the other
dampers 143 and 141 remain closed. Consequently, a cool-
ing wind will be blown out principally to the head and breast
portions of passengers. On the other hand, when the mode
switch 303 is at its bi-level mode position, the def damper
141 is closed while the vent damper 142 and the foot damper
143 are opened. Consequently, a warm wind having passed
the condenser 203 will be blown out principally from the
foot spit hole 145 toward the feet of passengers while a
cooling wind having passed the bypass passageway 150 is
blown out principally from the vent spit hole 144 toward the
head and breast portions of the passengers.

When the mode lever 303 is brought to its foot mode
position, only the foot damper 143 is opened while the other
dampers 142 and 141 are closed. As a result air having
passed the condenser 203 is blown out from the foot spit
hole 143 toward the feet of passengers.

When the mode lever 303 is set to its def mode position,
only the def damper 141 is opened while the other dampers
142 and 143 are closed. As a result, dehumidified air having
passed the condenser 203 is blown out from the def spit hole
146 toward the windshield of the automobile.
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It is to be noted that, in the automotive air conditioner
described above, when the mode lever 303 is set to the foot
mode position, air having passed the condenser 203 will be
blown out as it is to the foot portions of passengers. Here, as
seen from the Mollier chart of FIG. 2, in the condition
described above, the difference in enthalpy at the evaporator
207 is greater by a predetermined amount Ie than the
difference in enthalpy at the condenser 203. However, since
a considerable part of the cooling capacity of the evaporator
207 is consumed to condense moisture in the air on a surface
of the evaporator 207, air having passed the evaporator 207
and the condenser 203 will rise in temperature. In particular,
even if the temperature of the outside air is low, since air
cooled when it passes the evaporator 207 is re-heated in the
condenser 203, the temperature of air when it passes the
condenser 203 is raised to 20 to 25 degrees or so. However,
since the temperature is comparatively low as a temperature
of air to be blown out upon heating, it is desirable, in an
operating condition wherein heating is required, to use a
PCT heater and some other auxiliary heat source.

While the receiver 205 in the automotive air conditioner
of FIG. 1 is disposed on the downstream of the condenser
203, it may otherwise be disposed on the downstream of the
outside heat exchanger 202 as shown in FIG. 19. In this
instance, condensation of refrigerant is completed at the
outside heat exchanger 202, and the heat exchanger 203 acts
as a subcooler which radiates heat of high temperature, high
pressure liquid refrigerant introduced thereinto from the
receiver 205. Accordingly, in the present invention, the heat
exchanger disposed in the duct 100 is not necessarily limited
to the condenser 203, but includes a subcooler. Accordingly,
in the present invention, a condenser, a subcooler or the like
which radiates heat of high temperature, high pressure
refrigerant will be generally referred to as a heater.

Further, while, in the automotive air conditioner of FIG.
1, the opening of the air mixing damper 154, the speed of
rotation of the blower motor 133 and the speed of rotation
of the compressor 201 are set by manual operations of a
passenger of the automobile, they may otherwise be set
automatically. FIG. 3 shows such an automatic automotive
air conditioner. Referring to FIG. 3, a sensor 361 detects a
temperature of outside air, and another sensor 362 measures
a temperature of air in the room of the automobile. A solar
radiation sensor 363 measures an amount of the sunlight
incident into the room of the automobile, and a temperature
sensor 364 measures a temperature of blown out air. Another
temperature sensor 365 is disposed on the exit side of the
condenser 203 and measures a temperature of air having
passed the condenser 203.

An example of control of the automatic automotive air
conditioner will be described subsequently with reference to
FIG. 4 which illustrates a flow chart of the control. If
switching on of the air conditioner switch 305 is detected at
step 401, then inputs from the various sensors are received
at step 402. Then, a necessary blown out air temperature Tao
is calculated in accordance with the inputs at step 403. Then
at step 404, it is determined in accordance with a value of the
necessary blown out air temperature Tao whether or not the
operation of the compressor 201 should be in an economy
mode. In particular, if the necessary blown out air tempera-
ture Tao is equal to or higher than a predetermined value, for
example, 20 degrees, the temperature Teo at the exit of the
evaporator 207 is set to a higher temperature side preset
temperature, for example, to 10 degrees. On the other hand,
when the necessary blown out air temperature Tao is lower
than another predetermined value, for example, 10 degrees,
the air temperature at the exit of the evaporator 207 is set,
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at the lower temperature side thereof, to another preset
temperature, for example, to 3 degrees.

Then at step 405, a temperature Te of air at the exit of the
evaporator 207 is received from the sensor 322. The tem-
perature Te thus received at step 405 and the air temperature
Teo obtained at step 404 are compared with each other at
step 406. When the actual blown out air temperature Te is
higher than the aimed blown out air temperature Teo, this is
a condition wherein a higher capacity is required for the
refrigerating cycle, and consequently, the frequency of an
inverter not shown is raised at step 407 to increase the
discharging capacity of the compressor 201. On the contrary
when the actual temperature Te is lower than the aimed
temperature Teo, this is a condition wherein the capacity of
the refrigerating apparatus is excessively high, and
consequently, the frequency of the inverter is lowered at step
408 to decrease the discharging capacity of the compressor
201. Variation of the discharging capacity of the compressor
201 is performed when the aimed temperature Teo is lower
than the higher temperature side preset temperature, for
example, 10 degrees, and the routine described above is
repeated by way of step 409. Then, in case it is judged at step
409 that the aimed temperature Teo is higher than the higher
temperature side preset temperature, the control sequence
advances to step 410, at which the opening of the air mixing
damper 154 is controlled. While the opening of the air
mixing damper 154 is controlled in accordance with the
aimed temperature Tao, it is influenced further by a tem-
perature of refrigerant in the condenser 203. In particular,
when a pressure of refrigerant obtained from the pressure
sensor 323 is high, it is judged that also the temperature of
refrigerant is high, and in this instance, even if the aimed
temperature Tao is equal, the opening of the air mixing
damper 154 is varied so that the air mixing damper 154 may
be pivoted by a smaller amount.

In particular, in the present automotive air conditioner, as
control of a cooling operation, the discharging capacity of
the compressor 201 is first varied to achieve power saving
operation and then the air mixing damper 154 is pivoted so
that the temperature control may be available to the high
temperature side.

Referring now to FIG. 5, there is shown a further auto-
motive air conditioner according to the present invention, in
which the refrigerating cycle is an accumulator cycle. In
particular, an accumulator 212 for accumulating refrigerant
therein is installed on the exit side of the evaporator 207 and
the sucking side of the compressor 201, and a capillary tube
211 of a fixed throttle is employed in place of the expansion
valve as the expanding or decompressing means. In this
instance, since the capillary tube 211 does not require an
excessive installation area, it is disposed in the duct 100.

FIG. 6 is a Mollier chart of the automotive air conditioner
shown in FIG. 5. A solid line in FIG. 6 illustrates a condition
wherein the air mixing damper 154 is opened fully so that
cooling air is introduced into the compressor 203.
Meanwhile, a broken line in FIG. 6 illustrates another
example wherein the air mixing damper 154 is closed so that
the condenser 203 may not substantially perform a condens-
ing operation. Also with the present automotive air
conditioner, it can be seen that, similarly as with the auto-
motive air conditioners of the preceding embodiments
described above, the pressure on the higher pressure side
rises a little when the air mixing damper 154 is closed.
Further, since the refrigerating cycle is an accumulator
cycle, superheat is not taken on the exit side of the evapo-
rator 207. Instead, a predetermined subcooling degree is
obtained on the exit side of the condenser 203.
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FIG. 7 shows a still further automotive air conditioner of
the present invention, in which the outside heat exchanger
202 can be changed over such that it is used as a condenser
or as an evaporator in accordance with the necessity. In
particular, referring to FIG. 7, a first four-way valve 213 and
a second four-way valve 214 are disposed at the opposite
end portions of the outside heat exchanger 202. The first
four-way valve 213 is changed over between a first con-
necting condition (indicated by a solid line) wherein inter-
connects the discharging side of the compressor 201 and the
outside heat exchanger 202 and interconnects the suction
side of the compressor 201 and the refrigerant pipe 220 and
a second connecting condition (indicated by a broken line)
wherein it interconnects the discharging side of the com-
pressor 201 and the refrigerant pipe 220 and interconnects
the outside heat exchanger 202 and the sucking side of the
compressor 201.

Also the second four-way valve 214 is changed over
between a first connecting condition indicated by a solid line
in FIG. 7 and a second connecting condition indicated by a
broken line in FIG. 7. In the first connecting condition, the
second four-way valve 214 interconnects the outside heat
exchanger 202 and the condenser 203 and interconnects the
evaporator 207 and the sucking side of the compressor 201.
On the other hand, in the second connecting condition, the
second four-way valve 214 interconnects the refrigerant pipe
220 and the condenser 203 and interconnects the evaporator
207 and the outside heat exchanger 202.

It is to be noted that, in the automotive air conditioner
shown in FIG. 7, since it has a condition wherein the
evaporator 207 and the outside heat exchanger 202 are
connected directly to each other, an evaporation pressure
regulating valve 208 is disposed on the downstream of the
evaporator 207.

Subsequently, an operation condition of the automotive
air condition shown in FIG. 7 will be described with
reference to Mollier charts of FIGS. 8 and 9. FIG. 8
illustrates a condition wherein the first and second four-way
valves 213 and 214 assume their respective first connecting
conditions and the outside heat exchanger 202 acts as a
condenser. The condition is used principally upon cooling
operation in summer. The condition is basically similar to
that of the Mollier chart shown in FIG. 6, and the variation
in enthalpy at the condenser 203 is adjusted in response to
the opening of the air mixing damper 154.

FIG. 9 illustrates another condition wherein the first and
second four-way valves 213 and 214 assume the respective
second connecting conditions on the contrary. In the present
condition, the outside heat exchanger 202 is used as an
evaporator, and the present condition is used principally for
heating operation in winter. In this instance, refrigerant
discharged from the compressor 201 is supplied to the
condenser 203 by way of the refrigerant pipe 220. Conden-
sation of refrigerant is performed only by the condenser 203.
Accordingly, a great enthalpy difference is obtained at the
condenser 203, and consequently, a sufficient amount of heat
can be radiated. Refrigerant condensed into liquid by the
condenser 203 is decompressed and expanded when it
passes the capillary tube 211 and is supplied in the form of
mist into the evaporator 207. Evaporation of refrigerant is
performed by the evaporator 207 and the outside heat
exchanger 202.

It is to be noted, however, that the pressure of refrigerant
in the evaporator 207 is maintained constant since the
evaporation pressure regulating valve 208 is disposed on the
downstream of the evaporator 207. In is particular, it is
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prevented that the pressure of refrigerant in the evaporator
207 is lowered excessively so that the temperature at a
surface of the evaporator 207 drops to a temperature lower
than —2° C. to cause freezing of the surface of the evaporator
207. Particularly in winter, there is the possibility that, upon
admission of outside air, the temperature of the evaporator
207 may be dropped excessively. However, where the
evaporating pressure regulating valve 208 is disposed in this
manner, otherwise possible freezing of the evaporator 207
can be prevented with certainty. On the contrary, when
refrigerant passes the evaporating pressure regulating valve
208, the pressure thereof is further dropped such that the
evaporating temperature in the outside heat exchanger 202
becomes lower than the freezing point. Consequently, freez-
ing likely occurs at the outside heat exchanger 202. In order
to prevent freezing at the outside heat exchanger 202, high
temperature refrigerant on the discharging side of the com-
pressor 201 should be supplied to the outside heat exchanger
202 at suitable time intervals.

It is to be noted that, in the automotive air conditioner
shown in FIG. 7, the first and second four-way valves 213
and 214 are controlled by changing over of the switches 306,
310 and 311. In particular, in a condition wherein the cooler
switch 310 or the economy switch 306 is on, the automotive
air conditioner performs cooling operation with the first and
second four-way valves 213 and 214 set to the respective
first connecting conditions. On the other hand, in another
condition wherein the heat switch 311 is on, the first and
second four-way valves 213 and 214 assume the respective
second connecting conditions, and the automotive air con-
ditioner performs heating operation.

It is to be noted that it is also possible to modify the
automotive air conditioner shown in FIG. 7 into an auto-
matic automotive air conditioner employing a microcom-
puter. In this instance, sensors similar to those shown in FIG.
3 may be employed, and the discharging capacity of the
compressor 201, the opening of the air mixing damper 154
and changing over operations of the first and second four-
way valves 213 and 214 are controlled by way of the
controller 300. Such control will be described with reference
to FIG. 10. After an aimed blown out air temperature Tao is
calculated at step 403 in accordance with inputs received at
step 402 from the various sensors, it is judged at step 411 in
accordance with the aimed blown out air temperature Tao
whether cooling operation or heating operation should be
performed. In case a cooler mode is determined, the first and
second four-way valves 213 and 214 are changed over to the
respective first connecting conditions indicated by solid
lines in FIG. 10 at step 412. In the cooler mode, control of
ablown out air temperature is executed using steps 405, 406,
407, 408, 409 and 410 similar to those of the cycle shown
in FIG. 4.

In case a heater mode is determined at step 411, the first
and second four-wary valves 213 and 214 are changed over
to the respective second connecting positions indicated by
broken lines in FIG. 10 at step 413. In the heater mode, the
air mixing damper 154 is basically held in a fully open
condition, and to this end, an instruction is delivered at step
414 to fully open the air mixing damper 154. At step 415
after then, a pressure of refrigerant is inputted from the
sensor 233 and a condensing temperature at the condenser
203 is calculated in accordance with the refrigerant pressure.
Then, a condensing temperature Tc obtained from the sensor
365 is compared at step 416 with the aimed temperature Tao
calculated at step 403. In case the condensing temperature
Tao is higher, the control sequence advances to step 417, at
which the frequency of the invertor is lowered to decrease
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the discharging capacity of the compressor 201. On the
contrary in case the condensing temperature Tc is lower, the
frequency of the invertor is raised at step 418 to increase the
discharging capacity of the compressor 201. In this manner,
in the operation illustrated in FIG. 10 of the automotive air
conditioner, power saving operation of the compressor 201
by control of the invertor takes precedence in either of the
cooler mode and the heater mode.

FIG. 11 shows a yet further automotive air conditioner
according to the present invention. While the evaporator 207
in all of the automotive air conditioners described above is
disposed such that it occupies the entire air passing position
in the duct 100, it is disposed, in the present automotive air
conditioner, such that a bypass passageway 160 may be
formed sidewardly of the evaporator 207 in the duct 100.
Further, a bypass damper 159 is disposed for pivotal motion
in the duct 100 so that the rate between an amount of air
flowing in the bypass passageway 160 and another amount
of air flowing in the evaporator 207 may be controlled by
means of the bypass damper 159. Construction of the other
portion of the automotive air conditioner is similar to that of
the automotive air conditioner described hereinabove with
reference to FIG. 7.

Accordingly, in the automotive air conditioner shown in
FIG. 11, the flow rate of air to flow into the evaporator 207
principally upon heating operation can be decreased by
means of the damper 159. Since the blown out air tempera-
ture of the evaporator 207 is that for cooling of air even upon
heating, if the flow rate of air to pass the evaporator 207 is
decreased by means of the damper 159 in this manner, then
the heating capacity is enhanced as much.

Subsequently, an example of control of the controller 300
in the automotive air conditioner shown in FIG. 11 will be
described. The present control is characterized particularly
in control of the opening of the damper 159. In the flow chart
of FIG. 12, control of the damper 159 is executed when a
heater mode is determined at step 411. In other words, in
case a cooler mode is determined at step 411, the damper 159
closes the bypass passageway 160 so that the entire amount
of air from the blower 132 may pass the evaporator 207.

When a heater mode is determined at step 411, a neces-
sary dehumidifying amount is calculated at step 419. The
necessary dehumidifying amount is calculated depending
upon whether or not the inside/outside air changing over
damper 131 is in an inside air admitting condition and in
accordance with an amount of a wind of the blower 132, a
relative humidity in the room of the automobile and so forth.
Then, at step 420, the damper 159 is continuously controlled
in accordance with the necessary dehumidifying amount. In
particular, when the necessary dehumidifying amount is
great, air is introduced into the evaporator 207 to increase
the dehumidifying amount of the evaporator 207. Then, after
pivoting control of the damper 159 is executed at step 420,
the discharging capacity of the compressor 201 is varied by
varying the frequency of the invertor similarly as in the
control described hereinabove with reference to FIG. 4,
thereby controlling the blown out air temperature. Also in
this instance, the air mixing damper 154 is in the fully open
condition so that the entire amount of air is flowed into the
condenser 203.

Accordingly, with the automotive air conditioner shown
in FIG. 11, cooling operation and heating operation can be
performed well, and particularly upon heating operation, the
heating efficiency can be enhanced by restricting the func-
tion of the evaporator 207 to a minimum limit necessary for
dehumidification.
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An automotive air conditioner according to a yet further
embodiment of the present invention will be described
subsequently with reference to FIG. 13. The present auto-
motive air conditioner includes fourth check valves 216,
217, 218 and 219 in place of the second four-way valve 214
described hereinabove.

In the following, description will be given of functions of
the check valves. When the first four-way valve 213 is at the
first connecting position indicated by a solid line in FIG. 13,
high pressure refrigerant discharged from the compressor
201 comes to the check valves 216 and 218 by way of the
outside heat exchanger 202. Then, due to a function of the
check valve 218, the refrigerant will not flow to the evapo-
ration pressure regulating valve 208 side but will all flow to
the condenser 203 side past the check valve 216. After then,
the refrigerant is decompressed by the decompressing or
expanding means 211 and introduced to the evaporation
pressure regulating valve 208 and the check valve 219 by
way of the evaporator 207. The check valve 218 on the
downstream of the evaporation pressure regulating valve
208 can mechanically flow refrigerant therethrough toward
the downstream of the evaporation pressure regulating valve
208. However, since the downstream of the check valve 218
is in a high pressure condition on the discharging side of the
compressor 201 as described hereinabove, the low pressure
refrigerant cannot pass the check valve 218. On the other
hand, since the check valve 219 is communicated with the
low pressure side of the compressor 201 by way of the
accumulator 212, refrigerant can pass the check valve 219
readily. Accordingly, refrigerant will all be returned to the
compressor 201 past the check valve 219.

Subsequently, a flow of refrigerant when the first four-
way valve 213 is in the second connecting position indicated
by a broken line in FIG. 13 will be described. In this
instance, refrigerant in a high pressure condition discharged
from the compressor 201 comes to the check valves 219 and
217. Then, the flow of refrigerant is stopped by the check
valve 219, and consequently, all of the refrigerant flows to
the check valve 217 side. Then, the flow of the refrigerant
having passed the check valve 217 is stopped by the check
valve 216, and consequently, all of the refrigerant flows to
the condenser 203 side.

The refrigerant having flowed through the condenser 203
is then put into a low pressure condition when it passes the
decompressing means 211 and then flows to the evaporation
pressure regulating valve 208 side by way of the evaporator
207. Thus, since the check valve 219 is acted upon at an end
thereof by a high pressure on the discharging side of the
compressor 201, refrigerant after having passed the evapo-
rator 207 cannot pass the check valve 219. Accordingly, all
of the refrigerant passes the check valve 218 past the
evaporation pressure regulating valve 208. The refrigerant
having passed the check valve 218 will all flow into the
outside heat exchanger 202. This is because the exit side of
the check valve 216 is at a high pressure on the discharging
side of the compressor 201 and the refrigerant cannot pass
check valve 216. The refrigerant having passed the outside
heat exchanger 202 will thereafter return to the suction side
of the compressor 201 by way of the first four-way valve
213.

In this manner, with the automotive air conditioner shown
in FIG. 13, the functions of the second four-way valve 213
are substituted by the four check valves 216, 217, 218 and
219. Accordingly, electric movable elements can be reduced,
and consequently, the automotive air conditioner has an
improved durability.

Subsequently, a yet further automotive air conditioner of
the present invention will be described with reference to
FIG. 14.
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In the automotive air conditioners of the foregoing
embodiments described hereinabove, only one outside heat
exchanger, that is, the heat exchanger 202, is employed and
is either used as a condenser (embodiments shown in FIGS.
1, 3 and 5) or is changed over between a function of a
condenser and another function of an evaporator, embodi-
ments shown in FIGS. 7, 11 and 13). However, in the
automotive air conditioner of the embodiment shown in
FIG. 14, two outside heat exchangers are provided including
an outside condenser 202 and an outside evaporator 210.
Besides, in the automatic air conditioner of the present
embodiment, a condensing damper 253 is provided as con-
densing side varying means so that the flow rate of air to
flow into the outside condenser 202 may be varied.
Similarly, an evaporating side damper 254 is provided as
evaporating side varying means so that the flow rate of air
to be sucked into the outside evaporator 210 may be variably
controlled.

In this manner, in the automotive air conditioner of the
embodiment shown in FIG. 14, the two outside heat
exchangers are always used individually as a condenser
(outside condenser 202) and an evaporator (outside evapo-
rator 210). Here, the outside condenser 202 is used princi-
pally upon cooling operation to cool refrigerant into liquid.
Accordingly, preferably the outside condenser 202 is
installed, for example, at a front portion of the automobile so
that it may meet with a driving wind of the automobile. In
the meantime, the outside evaporator 210 is used to evapo-
rate refrigerant principally upon heating. Preferably, the
outside evaporator 210 is disposed such that, for evaporation
of refrigerant upon heating, it may not meet with a driving
wind of the automobile or the like when the temperature of
outside air is low. More particularly, preferably the outside
evaporator 210 exchanges heat with ventilation air from
within the room of the automobile. Therefore, the outside
evaporator 210 is disposed intermediately of a flow of
ventilation air at a rear location of the room of the automo-
bile.

In this manner, with the automotive air conditioner shown
in FIG. 14, the outside condenser 202 and the outside
evaporator 210 can both be disposed at respective optimum
locations.

Further, since the dampers 253 and 254 are employed in
the present automotive air conditioner, the heat exchanging
capacities of the outside heat exchangers 202 and 210 for
which no function is required for construction of a refrig-
erating cycle can be minimized. For example, it is
demanded, upon cooling operation, that refrigerant be
evaporated only at the evaporator 207, and in this instance,
the evaporator damper 254 closes the outside evaporators
214 and 210 so that a flow of air may not flow into the
outside evaporator 210. On the other hand, upon heating
operation, it is desirable that condensation of refrigerant be
performed in the condenser 203 disposed in the duct 100,
and 1in this instance, the condensing damper 253 closes the
outside condenser 202.

Those conditions will be described with reference to the
Mollier charts of FIGS. 15 and 16. FIG. 15 illustrates a
cooling condition, in which refrigerant compressed to a high
pressure by the compressor 201 is first condensed by the
outside condenser 202 and then condensed by the condenser
203 disposed in the duct 100. Further, in this condition, the
outside evaporator 210 is substantially prevented from per-
forming heat exchanging by the evaporation damper 254,
and consequently, evaporation of refrigerant is performed
only by the inside evaporator 207.

On the other hand, FIG. 16 shows a heating condition. In
this condition, the condensing damper 253 closes the outside
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condenser 202, and consequently, condensation of refriger-
ant is performed only by the inside condenser 203. The
evaporating pressure of the evaporator 207 is regulated by
the evaporation pressure regulating valve 208, and evapo-
ration of refrigerant which has been further decompressed
upon passing through the evaporation pressure regulating
valve 208 is performed by the outside evaporator 210.

In the automotive air conditioner shown in FIG. 14, in
addition to the discharging capacity of the compressor 210,
the opening of the air mixing damper 54 and the opening of
the bypass damper 159, also the openings of the condensing
side damper 253 and the evaporating side damper 254 are
controlled by the controller 300. The openings and the
capacity are controlled principally in accordance with an
aimed blown out air temperature Tao calculated in accor-
dance with values inputted from the various sensors. A
concept of the control is illustrated in FIG. 17. The axis of
abscissa of FIG. 17 indicates the aimed blown out air
temperature Tao, which increases in the rightward direction
in FIG. 17. In particular, a heating condition is shown at a
right-hand side portion while a cooling condition is shown
at a left-hand side portion of FIG. 17.

The location A in FIG. 17 shows a maximum cooling
condition, in which the capacity of the compressor 210
presents its maximum and the amount of pivotal motion of
the air mixing damper 154 is 0, that is, no air is blown to the
condenser 203. Meanwhile, the amount of pivotal motion of
the bypass damper 59 is at its 100%, and consequently the
entire amount of air passes the evaporator 207. Further, the
condensing side varying means 253 is open to allow air to
be admitted into the outside condenser 202. In the meantime,
the damper 254 on the evaporating side varying means is
closed so that no air is admitted into the outside evaporator
210. When the cooling capacity required for the automotive
air conditioner decreases (point B in FIG. 17) as the cooling
load decreases after then, the capacity of the compressor 201
is decreased first. In particular, the speed of rotation of the
compressor driving motor is lowered to decrease the cooling
capacity so that the temperature of air on the exit side of the
evaporator 207 is raised. Consequently, power saving opera-
tion is achieved first. After the capacity of the compressor
210 is minimized, the air mixing damper 154 begins to open
(point C in FIG. 17) so that air may be re-heated by the
condenser 203.

As the aimed blown out air temperature Tao further rises
(point D in FIG. 17), the bypass damper 159 begins to close
so that air may be flowed to the condenser 203 side bypass-
ing the evaporator 207. This condition corresponds to dehu-
midifying operation principally in autumn an winter and in
an intermediate time.

As the aimed blown out air temperature Tao further rises
(point E in FIG. 17) after then, the operation mode of the
automotive air conditioner is changed over from cooling
operation to heating operation. In particular, the damper 253
which is the condensing side varying means is closed to stop
the function of the outside condenser 202. Meanwhile, the
damper 254 which is the evaporating side varying means is
opened to cause the outside evaporator 210 to function.

Then, the discharging capacity of the compressor 201 is
raised as the aimed blown out air temperature Tao rises to
raise the condensing temperature at the condenser 203
(points F to G in FIG. 17). It is to be noted that, in the heating
condition, when the aimed blown out air temperature Tao is
comparatively low, the bypass damper 159 is held in a
somewhat open condition so that dehumidifying operation
can be performed simultaneously.
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Then, in maximum heating operation (point H in FIG. 17),
the discharging capacity of the compressor 201 presents it
maximum and the air mixing damper 154 introduces the
entire amount of a flow of air into the condenser 203.
Meanwhile, the bypass damper 159 closes the evaporator
207 so that air may be flowed to the condenser 203 side
bypassing the evaporator 207. Further, the evaporating side
varying means 253 stops the function of the outside con-
denser 202 while the evaporating side varying means 254
causes the outside evaporator 210 to function.

It is to be noted that, while, in the control described
hereinabove with reference to FIG. 17, the condensing side
damper 253 and the evaporating side damper 254 are
individually changed over between the fully closed condi-
tion and the fully open condition, is pivotal motion of the
dampers 253 and 254 may otherwise be controlled continu-
ously if necessary. Further, while, in the automotive air
conditioner described above, the air mixing damper 154
begins to open after the discharging capacity of the com-
pressor 201 has been minimized, the point of time at which
the air mixing damper 154 begins to open may be advanced.
In other words, the components described above can be
changed suitably if necessary.

Further, while, in the automotive air conditioner shown in
FIG. 14, the dampers 253 and 254 are employed as con-
densing side varying means and evaporating side varying
means, respectively, alternatively a condensing fan 261 may
be provided as condensing side varying means while an
evaporating fan 252 is provided as evaporating side varying
means as shown in FIG. 18. In particular, the heat exchang-
ing functions of the outside condenser 202 and the outside
evaporator 210 may be varied by controlling rotation of the
fans 251 and 252, respectively.

It is to be noted that, while the bypass passageway 150 is
formed sidewardly of the condenser 203 in the automotive
air conditioner described above, alternatively the entire
amount of air in the duct 100 may pass the condenser 203 as
seen from FIG. 20.

A pair of auxiliary heaters 700 and 701 are disposed on
the downstream of the condenser 203 in the duct 100. Each
of the auxiliary heaters 700 and 701 may be formed from a
PCT heater or an electric heater. In the automotive air
conditioner shown in FIG. 20, cooling operation, dehumidi-
fying operation and heating operation are achieved individu-
ally by controlling flow rates of refrigerant into the evapo-
rator 207 and the condenser 203 both disposed in the duct
100.

Referring now to FIG. 21, there is shown a refrigerating
cycle of the automotive air conditioner shown in FIG. 20. In
the refrigerating cycle shown, the four-way valve 213
changes over, upon energization thereof, the refrigerating
passage in such a manner as indicated by a solid line, but
changes over, upon deenergization thereof, to such a manner
as indicated by a broken line. Further, the outside heat
exchanger 202 includes a fan 251.

In the present refrigerating cycle, the four-way valve 213
and the solenoid valves 260 and 261 are suitably changed
over to control a flow of refrigerant to achieve various air
conditioning operation. First, a cooling operation condition
will be described. In this condition, the four-way valve 213
is energized so that refrigerant discharged from the com-
pressor 201 is flowed to the outside heat exchanger 202 side
by way of the four-way valve 213 and the check valve 262.
Here, the refrigerant meets with a wind from the fan 251 so
that it is condensed in the outside heat exchanger 202 while
remaining in a high temperature, high pressure condition.
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Meanwhile, the solenoid valve 261 remains closed in this
condition, and accordingly, the refrigerant condensed in the
outside heat exchanger 202 flows into the expanding means
211 and is decompressed and expanded into mist in a low
temperature low pressure condition when it passes the
expanding means 211. The refrigerant in the form of mist
then flows into the evaporator 207, in which it is evaporated,
whereupon it takes heat of vaporization away from condi-
tioning air to cool the air.

Then, the refrigerant evaporated in the evaporator 207 is
sucked into the compressor 213 again by way of the accu-
mulator 212. It is to be noted that, in this instance, since the
refrigerant passage is communicated at a branching point
264 on the upstream of the accumulator 212 with the
condenser 203 side by way of the four-way valve 213, the
check valve 265 positioned on the downstream of the
condenser 203 closes the refrigerating passage in accordance
with a difference in pressure, and consequently, substantially
no refrigerant will flow into the condenser 203.

It is to be noted that there is no possibility that part of
refrigerant having flowed to the condenser 203 side may be
liquefied and accumulated in the condenser 203. This is
because refrigerant in the condenser 203 is sucked into the
compressor 201 by way of the four-way valve 213.

Subsequently, a flow of refrigerant when the automotive
air conditioner operates as a heating apparatus will be
described. In this instance, the compressor 201 and the
condenser 203 are communicated with each other by way of
the four-way valve 213. Meanwhile, the solenoid valve 260
is closed to cause refrigerant to flow to a capillary element
266 side. Further, the solenoid valve 261 is opened to cause
refrigerant from the outside heat exchanger 202 to flow to
the accumulator 212 side.

Accordingly, upon heating operation, refrigerant put into
a high temperature, high pressure condition by the compres-
sor 201 flows by way of of the four-way valve 213 into the
condenser 203, in which it exchanges heat with air from the
blower 132. In this instance, since the condensing tempera-
ture is 40 to 60° C. or so, air passing in the duct 100 is heated
when it passes the condenser 203. The refrigerant condensed
in the condenser 203 is subsequently decompressed and
expanded, when it passes the capillary element 266, into
mist of a low temperature and a low pressure. The refrigerant
mist then flows into the outside heat exchanger 202 by way
of the check valve 265. The outside heat exchanger 202 acts
as an evaporator, and in the outside heat exchanger 202, the
refrigerant exchanges heat with air supplied thereto from the
blower 251 so that it is evaporated. The refrigerant having
passed the subside heat exchanger 202 can flow to both of
the solenoid valve 261 side and the capillary tube 211 side,
but since the communication resistance is higher on the
capillary tube 211 side, the refrigerant flows, as a result, into
the accumulator 212 by way of the solenoid valve 261 past
the branching point 264. It is to be noted that, while the
refrigerant passage is communicated with the four-way
valve 213 at the branching point 264, the refrigerant will not
circulate into the outside heat exchanger 202 again due to a
difference in pressure.

Subsequently, a dehumidifying operation condition of the
present automotive air conditioner will be described. In this
instance, the solenoid valve 260 is opened and the solenoid
valve 261 is closed in such a heating operation condition as
described hereinabove. Consequently, refrigerant partially
condensed in the outside heat exchanger 202 is decom-
pressed at the capillary tube 211 and flows, in this condition,
into the evaporator 207. Then, in the evaporator 207, the
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refrigerant will be evaporated to cool air blasted thereto
from the blower 132.

Accordingly, in the dehumidifying operation, air is cooled
once in the evaporator 207 and then heated in the condenser
203. Consequently, when the air passes the evaporator 207,
the saturation evaporating temperature drops to cause mois-
ture in the air to be condensed and adhere to a surface of the
evaporator 207. Then, since the air is re-heated in this
condition when it passes the condenser 203, the relative
humidity is dropped remarkably, and consequently, good
dehumidification is performed.

FIGS. 22, 23 and 24 are Mollier charts illustrating cooling
operation, heating operation and dehumidifying operation,
respectively, of the refrigerating cycle shown in FIG. 21. As
described above, upon cooling operation, the outside heat
exchanger 202 acts as a condenser while an evaporating
action is performed in the evaporator 207. On the other hand,
upon heating operation, refrigerant is condensed in the
condenser 203 while the outside heat exchanger 202 acts as
an evaporator.

It is to be noted that the difference in evaporating pressure
between FIGS. 22 and 23 arises from the fact that the
temperature of air flowing into the evaporator 207 upon
cooling is higher than the temperature of air flowing into the
outside heat exchanger 202 upon heating.

On the other hand, as seen from FIG. 24, upon dehumidi-
fying operation, condensation of refrigerant is performed by
the condenser 203 and the outside heat exchanger 202 while
evaporation of refrigerant is performed by the evaporator
207. In this instance, the enthalpy is higher at the evaporator
207 than at the condenser 203, but since condensation of
moisture in air proceeds in the evaporator 207, the tempera-
ture of air is not lowered very much when it passes the
evaporator 207 due to latent heat involved in the conden-
sation of water. Meanwhile, since the enthalpy of the con-
denser 203 is all used to raise the temperature of air, the
temperature of air having passed both of the evaporator 207
and the condenser 203 either has a substantially same level
or is raised as a result.

Subsequently, control of the temperature of air of the
automotive air conditioner upon dehumidifying operation
will be described. FIGS. 25, 26 and 27 are Mollier charts all
illustrating operating conditions upon dehumidifying
operation, and FIG. 25 shows a Mollier chart upon normal
operation. In the normal operation, the blower 251 is rotated
weakly so that a predetermined amount of air is blasted to
the outside heat exchanger 202 to assure heat exchanging at
the outside heat exchanger 202. As a result, the air tempera-
ture lowering capacity of the evaporator 207 substantially
coincides with the air temperature raising capacity of the
condenser 203, and air having passed both of the evaporator
207 and the condenser 203 raises its temperature a little.

FIG. 26 shows a condition wherein it is desired to raise the
blown out air temperature in dehumidifying operation. In
this instance, the blower 251 stops its action in order to
reduce the heat exchanging capacity of the outside heat
exchanger 202. As a result, the condensing capacity is
decreased generally while the condensing pressure is
increased. As the condensing pressure rises, the temperature
of air when it passes the condenser will be raised.

FIG. 27 shows another condition wherein it is desired to
lower the blown out air temperature in dehumidifying opera-
tion. In this instance, the blower 251 for the outside heat
exchanger 202 is rotated at a high speed to raise the
condensing capacity of the outside heat exchanger 202. As
a result, the condensing pressure is lowered, and air cooled
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when it passes the evaporator 207 will be blown out into the
room of the automobile without being heated very much.

It is to be noted that, in the case of FIG. 27, since the total
condensing capacity of the outside heat exchanger 202 and
the condenser 203 is increased, the condensing pressure in
the refrigerating cycle is lowered, and as a result, also the
evaporating pressure at the evaporator 207 is lowered.
Consequently, there is the possibility that frost may appear
on the evaporator 207. Therefore, in this instance, the speed
of rotation of the compressor 201 is controlled so that
dehumidifying operation may continuously proceed without
lowering the pressure in the evaporator 207, that is, the
sucking pressure of air into the compressor 201, very much.

Subsequently, defrosting of the outside heat exchanger
202 upon heating operation will be described. As described
hereinabove, since the outside heat exchanger 202 functions
as an evaporator in heating operation, particularly when the
temperature of outside air is low, the temperature of a
surface of the outside heat exchanger 202 becomes lower
than the freezing point and frost adheres to the outside heat
exchanger 202. Then, if frost adheres in this manner, the heat
exchanging function of the outside heat exchanger 202
deteriorated remarkably so that good operation of one refrig-
erating cycle cannot be achieved and consequently heating
operation of the condenser 203 is not performed. Thus, in
this instance, refrigerant in a high temperature, high pressure
condition will be passed through the outside heat exchanger
202 to melt the frost adhering to the outside heat exchanger
202. In the dehumidifying operation, operation of the out-
side blower 251 is stopped first. Meanwhile, the inside
blower 132 is rotated at a low speed. Then, the inside/outside
air changing over damper 131 is put into an inside air
admitting condition so that the temperature of blown out air
from the duct 100 may not be lowered. Further, power is
made available simultaneously to the auxiliary heater 700
and 701. In this condition, the solenoid valve 260 is opened
while the solenoid valve 261 is closed. Consequently, refrig-
erant having passed the compressor 201 flows into the
condenser 203 and the outside heat exchanger 202 while it
remains in a high temperature, high pressure condition. As
a result, the temperature of the outside heat exchanger 202
rises and frost adhering to the surface of the outside heat
exchanger 202 will be melted. The refrigerant condensed in
the outside heat exchanger 202 is then decompressed and
expanded in the capillary tube 211 and then flows into the
evaporator 207. As a result, the temperature of air in the duct
100 becomes low, but since, in this condition, the amount of
a wind of the blower 132 is small and the auxiliary heaters
700 and 701 can work to the utmost, remarkable deteriora-
tion of the blown out air temperature can be prevented.

Further, in order to accomplish defrosting of the outside
heat exchanger 202 in a short period of time, the compressor
201 has a capacity as high as possible and the invertor
thereof has a frequency as high as possible.

It is to be noted that, when defrosting operation is
proceeding in this manner, a lamp may be lit so that this may
be recognized by a passenger of the automobile.

Further, when operation of the automotive air conditioner
is automatic operation, changing over between heating
operation and defrosting operation is performed in accor-
dance with the following conditions:

(1) The temperature of the outside heat exchanger 202 is
lower by 10° C. or more than the temperature of outside
air:

(2) The temperature of the outside heat exchanger 202 is
lower than -3° C. or so: and
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(3) Heating operation has continued for longer than a

predetermined period of time (60 minutes).

Whether or not defrosting is required is judged in accor-
dance with the conditions.

FIG. 28 shows a yet further automotive air conditioner
according to the present invention. The present automotive
air conditioner adopts a three-way valve 269 in place of the
four-way valve 213 of the automotive air conditioner shown
in FIG. 21. In addition, a solenoid valve 268 is disposed in
a cooling pipe adjacent the branching point on the upstream
of the accumulator 212.

Upon cooling operation, the three-way valve 269 is
changed over to a position indicated by a solid line so that
refrigerant discharged from the compressor 201 may be
introduced to the outside heat exchanger 202. In this
instance, the outside heat exchanger 202 acts as a condenser,
and refrigerant decompressed and expanded in the capillary
tube 211 is then supplied to the evaporator 207. The refrig-
erant evaporated in the evaporator 207 is fed back to the
accumulator 212 side past the branching point 264. The
solenoid valve 268 opens the refrigerant pipe upon cooling
operation. Consequently, also refrigerant accumulated in the
condenser 203 is supplied, due to sucking action of the
compressor 201, from the refrigerant pipe to the compressor
201 side by way of the solenoid valve 268 and the branching
point 264. In this instance, the pressure of refrigerant in the
condenser 203 is decreased suddenly so that also the evapo-
rating temperature of the refrigerant is lowered.
Consequently, immediately after starting of cooling
operation, also refrigerant accumulated in the condenser 203
is evaporated thereby to complement the cooling capacity.
On the other hand, upon heating operation, the three-way
valve 269 is changed over so that refrigerant discharged
from the compressor 201 is now introduced into the con-
denser 203. Further, the solenoid valve 260 is closed so that
refrigerant condensed in the condenser 203 is supplied to the
outside heat exchanger 202 by way of the capillary element
266. Meanwhile, the solenoid valve 261 is opened so that
refrigerant evaporated in the outside heat exchanger 202 is
sucked from the solenoid valve 261 toward the accumulator
212 side. In this instance, the solenoid valve 268 is in a
closed condition, and refrigerant discharged from the com-
pressor 201 is prevented from being short-circuited to be
sucked to the accumulator 212 side.

Upon dehumidifying operation, the three-way valve 296
introduces refrigerant discharged from the compressor 201
to the condenser 203. Meanwhile, the solenoid valve 260
opens the refrigerant passage so that refrigerant of a high
pressure is supplied from the condenser 203 to the outside
heat exchanger 202. Then, the solenoid valve 261 is closed
so that refrigerant condensed by the condenser 203 and the
outside heat exchanger 202 is supplied to the evaporator 207
by way of the capillary tube 211.

It is to be noted that actions in defrosting operation and
dehumidifying operation of the automotive air conditioner
of FIG. 28 are similar to those of the automotive air
conditioner shown in FIG. 21.

FIG. 29 shows a yet further automotive air conditioner
according to the present invention. The present automotive
air conditioner employs a pair of solenoid valves 270 and
271 1n place of the three-way valve 269 of the automotive air
conditioner of FIG. 28. Actions in cooling operation, heating
operation and dehumidifying operation are similar to those
of the automotive air conditioner of FIG. 28.

FIG. 30 shows a yet further automotive air conditioner
according to the present invention. The present automotive
air conditioner employs a single three-way valve 272 in
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place of the two solenoid valves 270 and 268 of the
automotive air conditioner of FIG. 29.

FIG. 31 shows a yet further automotive air conditioner
according to the present invention. The present automotive
air conditioner is constructed such that the operation thereof
between cooling operation and heating operation is per-
formed by changing over of the four-way valve 213.

In particular, upon cooling operation, the four-way valve
213 introduces high pressure refrigerant discharged from the
compressor 201 into the outside heat exchanger 202. The
refrigerant condensed in the outside heat exchanger 202 is
decompressed and expanded in the capillary tube 211 and
supplied to the evaporator 207. It is to be noted that a back
flow of the refrigerant to the condenser 203 side then is
prevented by a check valve 273. Then, the refrigerant
evaporated in the evaporator 207 is sucked into the com-
pressor 201 by way of the accumulator 212.

On the other hand, upon heating, the four-way as changed
over so that refrigerant discharged from the compressor 201
is supplied to the condenser 203. Then, the refrigerant
condensed in the condenser 203 is decompressed and
expanded when it passes the capillary element 266, and after
then, it flows to the branching point 274 by way of the check
valve 273. Most of the refrigerant coming to the branching
point 274 flows to the outside heat exchanger 202 side due
to a difference in pressure. Meanwhile, part of the refrigerant
flows to the evaporator 207 by way of the capillary tube 211.
Then, the refrigerant evaporated in the outside heat
exchanger 202 and the evaporator 207 is supplied to the
accumulator 213 and then fed back to the compressor 201.

In such heating operation, refrigerant will not flow much
to the evaporator 207 side due to a resistance of the capillary
tube 211. However, some refrigerant is supplied to the
evaporator 207, at which part of the refrigerant is evapo-
rated. Consequently, even during heating, some dehumidi-
fying operation is achieved.

FIG. 32 shows a yet further automotive air conditioner
according to the present invention. In the present automotive
air conditioner, changing over of a cycle is performed by the
single four-way valve 213 and a single on/off soienoid valve
290. Upon cooling operation, the four-way valve 213 is
changed over to a position indicated by a solid line in FIG.
32 and the solenoid valve 290 is opened. As a result,
refrigerant discharged from the compressor 201 is con-
densed in the outside heat exchanger 202 and then decom-
pressed and expanded in the capillary tube 211, whereafter
it flows into the evaporator 207. Then, the refrigerant cools
air by an evaporating action of the evaporator 207. On the
other hand, upon heating, the four-way valve 213 is changed
over to another position indicated by a broken line in FIG.
32, and also the solenoid valve 290 is put into an open
condition. As a result, refrigerant discharged from the com-
pressor 201 is condensed in the condenser 203 and then
decompressed and expanded in the capillary 266. After then,
the refrigerant passes the check valve 273 and then flows
mainly to the outside heat exchanger 202 side due to a
difference in pressure. Meanwhile, part of the refrigerant
flows into the evaporator 207 by way of the capillary tube
211. Then, the refrigerant having passed the outside heat
exchanger 202 and the evaporator 207 is collected into the
accumulator 212 and then fed back into the compressor 201.
In this condition, since some refrigerant flows into the
evaporator 207, dehumidifying operation is performed suit-
ably upon heating.

Further, when dehumidifying operation is to be
performed, the four-way valve 213 is changed over similarly
as upon heating operation described above, and the solenoid
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valve 290 is opened and closed at suitable timings. When the
solenoid valve 290 closes the refrigerant passage, refrigerant
flows into the evaporator 207 by way of the capillary tube
211 so that the cooling capacity of the evaporator 207 is
increased. Consequently, the dehumidifying function of the
evaporator 207 is increased. Then, a required dehumidifying
amount is obtained by suitably changing over the opening/
closing operation of the solenoid valve 290 at a suitable duty
ratio. Upon dehumidifying operation, the solenoid valve 290
may be held closed normally.

FIG. 33 shows a yet further automotive air conditioner
according to the present invention. Upon cooling operation,
the four-way valve 213 is changed over to a position
indicated by a solid line in FIG. 33 and the solenoid valve
293 opens its refrigerant pipe while the solenoid valve 294
closes its refrigerant pipe. Meanwhile, the solenoid valve
291 opens its refrigerant pipe. It is to be noted that the
solenoid valve 292 performs opening and closing operations
of the refrigerant pipe suitably in accordance with a required
cooling capacity. Accordingly, in this condition, refrigerant
discharged from the compressor 201 flows into the outside
heat exchanger 202 by way of the four-way valve 213 and
the solenoid valve 293 and is condensed in the outside heat
exchanger 202. After then, the refrigerant passes the sole-
noid valve 291 and is decompressed and expanded in the
capillary tube 211, whereafter it is evaporated in the evapo-
rator 207. After then, it passes the accumulator 212 and is
fed back to the compressor 201.

Upon heating operation, the four-way valve 213 is
changed over to another position indicated by a broken line
in FIG. 33 and the solenoid valve 291 closes its refrigerant
pipe. Meanwhile, the solenoid valve 292 opens its refriger-
ant pipe: the solenoid valve 293 opens its refrigerant pipe:
and the solenoid valve 294 closes its refrigerant pipe. As a
result, refrigerant discharged from the compressor 201 flows
into the condenser 203 by way of the four-way valve 213 and
is then decompressed and expanded in the capillary element
266, whereafter it is evaporated in the outside heat
exchanger 202. After then, it is fed back to the compressor
201 by way of the solenoid valve 293, the four-way valve
213 and the accumulator 212.

Subsequently, dehumidifying operation will be described.
In this instance, both of the solenoid valves 291 and 294 are
opened. As a result, refrigerant discharged from the com-
pressor 201 is divided into a flow which then is liquefied in
the condenser 203 and flows to the evaporator 207 by way
of the capillary 211 and another flow which then flows by
way of the solenoid valve 294 into the outside heat
exchanger 202, in which it is liquefied, whereafter it flows
to the evaporator 207 by way of the solenoid valve 291 and
the capillary tube 211. In particular, condensation of refrig-
erant is performed in parallel by the condenser 203 and the
outside heat exchanger 202. Then, the refrigerant evaporated
in the evaporator 207 flows into the accumulator 212 by way
of the refrigerant pipe.

Here, upon such dehumidifying operation, the condensing
pressure can be controlled by varying the heat exchanging
capacity of the outside heat exchanger 202. The capacity
control of the outside heat exchanger 202 is performed by
varying the amount of blown out air by the blower 251.
Alternatively, a damper for the outside heat exchanger 202
may be provided in place of the blower 251. Further, the
opening and closing times of the solenoid valve 294 may be
controlled to control the condensing pressure, that is, the
blown out air temperature.

FIG. 34 shows a yet further automotive air conditioner
according to the present invention. In the present automotive
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air conditioner, cooling operation, heating operation and
dehumidifying operation are selectively performed by suit-
ably changing over solenoid valves 295, 296 and 297. First,
cooling operation will be described. In this instance, the
solenoid valve 295 closes its refrigerant passage while the
solenoid valve 296 opens its refrigerant passage and also the
solenoid valve 297 opens its refrigerant passage. Further, the
four-way valve 213 is changed over to a position indicated
by a broken line. Consequently, refrigerant discharged from
the compressor 201 flows by way of the four-way valve 213
into the outside heat exchanger 202, in which it exchanges
heat with outside air so that it is condensed. The refrigerant
then flows into the solenoid valve 296 by way of the check
valve 280 and then passes the capillary element 266, where-
upon it is decompressed and expanded. After then, the
refrigerant flows into the evaporator 207, in which it takes
heat of vaporization away from air so that is it evaporated.
After then, the refrigerant flows into the accumulator 212 by
way of the solenoid valve 297 and the four-way valve 213.

On the other hand, upon heating, the solenoid valve 295
opens its refrigerant pipe while the solenoid valve 296 closes
its refrigerant pipe and also the solenoid valve 297 closes its
refrigerant pipe. Further, the four-way valve 213 is changed
over to another position indicated by a solid line in FIG. 34.
Consequently, upon heating operation, refrigerant dis-
charged from the compressor 201 successively passes the
four-way valve 213, the check valve 281 and the solenoid
valve 295 and is then condensed in the condenser 203. After
then, the refrigerant is decompressed and expanded when it
passes the capillary tube 211, and then flows into the outside
heat exchanger 202 by way of the check valve 282. Then, the
refrigerant is evaporated in the outside heat exchanger 202
and is fed back into the compressor 201 by way of the
four-way valve 213 and the accumulator 212.

Subsequently, dehumidifying operation will be described.
In this instance, the solenoid valve 295 is opened while the
solenoid valve 296 is closed and also the solenoid valve 297
is closed. Then, the four-way valve 213 is changed over to
the position indicated by the broken line in FIG. 34.
Accordingly, refrigerant discharged from the compressor
201 flows by way of the four-way valve 213 into the outside
heat exchanger 202, in which it is condensed. Further, the
refrigerant flows by way of the check valve 280 and the
solenoid valve 295 into the compressor 203, in which it is
condensed. Then, when the refrigerant passes the capillary
tube 211, it is decompressed and expanded into a low
temperature, low pressure condition and then flows, in this
condition, into the evaporator 207. The refrigerant is evapo-
rated in the evaporator 207 and then fed back into the
compressor 201 by way of the solenoid valve 297, the
four-way valve 313 and the accumulator 212. Accordingly,
in the automotive air conditioner shown in FIG. 34, upon
dehumidifying operation, condensation of refrigerant is per-
formed by the outside heat exchanger 202 and the condenser
203, and the blown out air temperature is controlled by
controlling the amount of blown out air by the blower 251
to control the heat exchanging capacity of the outside heat
exchanger 202 to vary the condensing pressure of the
condenser 203.

In particular, in the automotive air conditioner shown in
FIG. 34, upon dehumidifying operation, refrigerant flows
first into the outside heat exchanger 202 and then into the
condenser 203. On the other hand, in the automotive air
conditioner shown in FIG. 21. refrigerant flows first into the
condenser 203 and then into the outside heat exchanger 202.
Here, in case refrigerant flows first into the condenser 203,
the refrigerant having high superheat immediately after
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discharged from the compressor 201 flows into the con-
denser 203, and consequently, the blown out air temperature
from the condenser 203 becomes higher and dehumidifica-
tion having some heating effect can be performed.

FIG. 35 shows a yet further automotive air conditioner
according to the present invention. In the present automotive
air conditioner, the operation is changed over among cooling
operation, heating operation and dehumidifying,operation
by means of the four-way valve 213 and a solenoid valve
298.

First, in cooling operation, the four-way valve 213 is
changed over to a position indicated by a broken line in FIG.
35, and the solenoid valve 298 opens its passage. As a result,
refrigerant discharged from the compressor 231 flows by
way of the four-way valve 213 into the outside heat
exchanger 202, in which it is condensed. Then, the con-
densed refrigerant passes the check valve 283 and the
solenoid valve 298 and is then decompressed and expanded
in the capillary tube 211. After then, the refrigerant is
evaporated in the evaporator 207 and is fed back into the
compressor 201 by way of the accumulator 212.

On the other hand, upon heating operation, the four-way
valve 213 is changed over to another position indicated by
a solid line in FIG. 35, and the solenoid valve 298 closes its
refrigerant pipe. Accordingly, refrigerant discharged from
the compressor 201 flows by way of the four-way valve 213
into the condenser 203, in which it is condensed. After then,
the refrigerant flows by way of the check valve 294 into the
capillary element 266, in which it is decompressed and
expanded, whereafter it flows into the outside heat
exchanger 202. Then, the refrigerant is evaporated in the
outside heat exchanger 202 and then is fed back into the
compressor 201 by way of the four-way valve 213 and the
accumulator 212.

Upon dehumidifying operation, the four-way valve 213 is
changed over similarly to the position indicated by the solid
line in FIG. 35, and the solenoid valve 298 opens its
refrigerant pipe. Consequently, refrigerant discharged from
the compressor 201 flows into the condenser 203, in which
it is condensed and liquefied. The refrigerant liquefied in the
condenser 203 is then divided into a flow which flows into
the outside heat exchanger 202 by way of the capillary 266
and another flow which flows into the evaporator 207 by
way of the solenoid valve 298 and the capillary tube 211.
Thus, the refrigerant is evaporated in the outside heat
exchanger 202 and the evaporator 207. The thus evaporated
refrigerant is collected into the accumulator 212 again and is
then fed back into the compressor 201. In this manner, upon
dehumidifying operation, refrigerant flows in parallel
through the outside heat exchanger 202 and the evaporator
207, and control of the dehumidifying capacity then is
achieved by controlling the blower 251 to vary the heat
exchanging capacity of the outside heat exchanger 202.

FIG. 36 shows a yet further automotive air conditioner
according to the present invention. The present automotive
air conditioner is a modification to the automotive air
conditioner shown in FIG. 35 in that it additionally includes
a refrigerant pipe which interconnects, upon dehumidifying
operation, the downstream of the outside heat exchanger 202
and the evaporator 207 and further includes a solenoid valve
299 and another solenoid valve 289 for controlling flows of
refrigerant. Operations upon cooling operation and heating
operation are similar to those of the refrigerating cycle
described hereinabove with reference to FIG. 35. Upon
dehumidifying operation, the solenoid valve 299 is opened
while the solenoid valve 289 is closed, and in this instance,
refrigerant is evaporated in both of the outside heat
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exchanger 202 and the evaporator 207 similarly as in the
refrigerating cycle shown in FIG. 35. However, in case,
upon dehumidifying operation, the solenoid valve 298 is
closed and also the solenoid valve 299 is closed while the
solenoid valve 289 is opened, refrigerant flows in series
through the outside heat exchanger 202 and the evaporator
207. In particular, in this condition, refrigerant discharged
from the compressor 201 flows by way of the four-way valve
213 into the condenser 203, in which it is condensed. The
thus condensed refrigerant flows by way of the check valve
284 into the capillary element 266, in which it is decom-
pressed and expanded, whereafter it is evaporated in the
outside heat exchanger 202. After then, the refrigerant flows
by way of the solenoid valve 289 into the evaporator 207, in
which it is evaporated similarly. Then, the thus evaporated
refrigerant is fed back into the compressor 201 again by way
of the accumulator 212. In this manner, the cycle shown in
FIG. 36 can be changed over, upon dehumidifying
operation, between a condition wherein refrigerant con-
densed by the condenser 203 is admitted in parallel into both
of the evaporator 207 and the outside heat exchanger 202
and another condition wherein the outside heat exchanger
202 and the evaporator 207 are disposed in series so that
refrigerant is evaporated in both of them.

FIG. 37 shows a yet further automotive air conditioner
according to the present invention. In the present automotive
air conditioner, the evaporator 207 and the outside heat
exchanger 202 are also disposed in series upon dehumidi-
fying operation, but the order in arrangement of them is
reverse to that in the automotive air conditioner shown in
FIG. 36. In particular, while, in the refrigerating cycle shown
in FIG. 36, the outside heat exchanger 202 and the evapo-
rator 207 are connected in series upon dehumidifying opera-
tion such that the outside heat exchanger 202 may be
positioned on the upstream side, in the refrigerating cycle
shown in FIG. 37, the evaporator 207 and the outside heat
exchanger 202 are connected such that the evaporator 207
may be positioned on the upstream side of the outside heat
exchanger 202.

Subsequently, the refrigerating cycle shown in FIG. 37
will be described. First, upon cooling operation, the four-
way valve 213 is changed over to a position indicated by a
broken line in FIG. 37, and the solenoid valve 288 closes its
refrigerant passage while the solenoid valve 298 opens its
refrigerant passage. Accordingly, refrigerant discharged
from the compressor 201 flows by way of the four-way valve
213 into the outside heat exchanger 202, in which it is
condensed. The thus liquefied refrigerant flows through the
check valve 213 and the solenoid valve 298 into the capillary
tube 211, and it is decompressed and expanded when it
passes the capillary tube 211. Then, the refrigerant is evapo-
rated in the evaporator 207 and then flows into the accu-
mulator 212 by way of the four-way valve 213, whereafter
it is fed back into the compressor 201.

On the other hand, upon heating operation, the four-way
valve 213 is changed over to another position indicated by
a solid line in FIG. 37, and the solenoid valve 288 is opened
while the solenoid valve 298 is closed. Accordingly, in this
condition, refrigerant discharged from the compressor 201
flows into the condenser 203 by way of the four-way valve
213. Then, the refrigerant condensed in the condenser 203
flows into the capillary element 266 by way of the solenoid
valve 288 and is decompressed and expanded when it passes
the capillary element 266. After then, the refrigerant is
evaporated in the outside heat exchanger 202, and then the
thus evaporated refrigerant flows into the accumulator 212
by way of the four-way valve 213, whereafter it is fed back
to the compressor 201 again.

10

15

20

25

30

35

40

45

50

55

60

65

32

Further, upon dehumidifying operation, the four-way
valve 213 is changed over to the position indicated by the
solid line in FIG. 37 and the solenoid valve 298 is opened
while the solenoid valve 288 is closed. Accordingly, refrig-
erant discharged from the compressor 201 flows through the
four-way valve 213 into the condenser 203, in which it is
condensed and liquefied. After then, the refrigerant flows
through the solenoid valve 298 into the capillary tube 211
and is decompressed and expanded when it passes the
capillary tube 211. After then, the refrigerant flows into the
evaporator 207, in which it is evaporated. After then, the
refrigerant flows through the check valve 286 into the
outside heat exchanger 202, in which it is further evapo-
rated. Then, the refrigerant is fed back into the compressor
201 by way of the four-way valve 213 and the accumulator
212. Accordingly, upon such dehumidifying operation,
refrigerant is evaporated in both of the evaporator 207 and
the outside heat exchanger 202, and besides the evaporator
207 is located on the upstream side of the outside heat
exchanger 202.

Here, it is suitably selected in accordance with the
necessity, when the outside heat exchanger 202 and the
evaporator 207 are disposed in series upon dehumidifying
operation, which one of them is located on the upstream
side. However, in a cycle which includes the accumulator
212, there is no significant difference in function whichever
one of them is disposed on the upstream side. In particular,
since the outside heat exchanger 202 and the evaporator 207
do not present different evaporating pressures while the
temperatures of air admitted into them are different from
each other, the evaporating capacity of the evaporator 207 is
equal whether it is located on the upstream side or on the
downstream side.

FIG. 38 shows a yet further automatic air conditioner
according to the present invention. In, the present automo-
tive air conditioner, the evaporator 207 includes a damper
159 having a variable capacity. Upon cooling operation and
upon dehumidifying operation, the damper 159 opens the
duct 100 so that air may be admitted into the evaporator 207,
but upon heating operation, the damper 159 is closed so that
air may not be admitted into the evaporator 207. Meanwhile,
a flow of refrigerant to the condenser 203 is changed over by
the three-way valve 213 and the solenoid valve such that
refrigerant may be condensed, upon heating operation and
upon dehumidifying operation, in the condenser 203, but
refrigerant may flow, upon cooling operation, directly to the
outside heat exchanger 202 bypassing the condenser 203.

FIG. 39 shows a yet further automatic air conditioner
according to the present invention. While a flow of refrig-
erant is changed over, in the automatic air conditioner shown
in FIG. 38, between the condenser 203 side and the other
side bypassing the condenser 203, in the automatic air
conditioner shown in FIG. 39, the capacity of the condenser
203 is changed over by means of the damper 154. In
particular, upon dehumidifying operation and upon heating,
the damper 154 opens the duct 100 so that air may be
admitted into the condenser 203, but upon cooling operation,
the damper 154 is closed so that air may not be admitted into
the condenser 203. However, even during cooling operation,
when the damper 154 operates as an air mixing damper for
varying the blown out air temperature, the damper 154 opens
its passage in response to a necessary blown out a air
temperature so that part of air may be re-heated.

FIG. 40 shows a yet further automatic air conditioner
according to the present invention. The present automatic air
conditioner includes, similarly to the automatic air condi-
tioner described hereinabove with reference to FIG. 13, the
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dampers 154 and 159 for both of the condenser 203 and the
evaporator 207, respectively. However, the present auto-
matic air conditioner is different in circuit of the refrigerat-
ing cycle from the automatic air conditioner shown in FIG.
13. A flow of refrigerant is controlled in the refrigerating
cycle by changing over of the solenoid valves 260 and 261.
Upon heating operation, the solenoid valve 260 is opened
while the solenoid valve 261 is closed. Consequently, refrig-
erant discharged from the compressor 201 flows through the
condenser 203 and the solenoid valve 260 into the outside
heat exchanger 202, in which it is evaporated. It is to be
noted that, in this instance, the condenser 203 does not
perform a condensing action in principle as the damper 154
is held closed. Then, the refrigerant condensed in the outside
heat exchanger 202 is decompressed and expanded when it
passes the capillary tube 211, and consequently, the refrig-
erant in a low temperature, low pressure condition flows into
the evaporator 207. In this condition, the damper 159 holds
the duct 100 in a closed condition, and consequently, air
from the blower 132 flows into the evaporator 207 to
evaporate the refrigerant. The thus evaporated refrigerant is
then fed back into the compressor 201 by way of the
accumulator 212.

On the other hand, upon heating operation, the solenoid
valve 260 is closed while the solenoid valve 261 is opened.
In this condition, refrigerant discharged from the compres-
sor 201 flows into the condenser 203, in which it is con-
densed. In particular, in this condition, the damper 154 is
opened so that air may be admitted into the condenser 203.
After then, the refrigerant is decompressed and expanded
when it passes the capillary element 266, and is then
evaporated in the outside heat exchanger 202. The thus
evaporated refrigerant is fed back into the compressor 201
by way of the solenoid valve 261 and the evaporator 207. In
this condition, the evaporator 207 is closed by the damper
159, and consequently, refrigerant is little evaporated in the
evaporator 207.

Subsequently, upon dehumidifying operation, the sole-
noid valve 260 is opened while the solenoid valve 261 is
closed. Accordingly, refrigerant discharged from the com-
pressor 201 flows into the condenser 203, in which it is
condensed. The refrigerant then flows through the solenoid
valve 260 into the outside heat exchanger 202, also which
accomplishes a condensing function to condense the refrig-
erant. After then, the refrigerant is decompressed and
expanded when it passes the capillary tube 211, and is then
evaporated in the evaporator 207. Then, the refrigerant thus
evaporated in the evaporator 207 is fed back to the com-
pressor 201 by way of the accumulator 212. In this
condition, the evaporating capacity of the evaporator 207
and the condensing capacity of the condenser 203 are
variably controlled by adjusting the circuits of the dampers
159 and 154, respectively. Further, in order to control the
condensing capacity of the condenser 203, the condensing
capacity control of the outside heat exchanger 202 by
control of the amount of air of the fan 151 for the outside
heat exchanger 202 or the like may be employed addition-
ally similarly as in the case of the automotive air conditioner
shown in FIG. 21.

As described so far, with the automotive air conditioner of
the present invention, the operation can be changed over
among cooling operation, heating operation and dehumidi-
fying operation by controlling the routes of flows of refrig-
erant through the compressor 201, the outside heat
exchanger 202, the condenser 203, the evaporator 207 and
the decompressing or expanding means 211. Further,
according to the present invention, further advantageous air
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conditioning operation described below can be achieved by
suitably controlling changing over particularly between a
dehumidifying operation condition and a heating operation
condition.

In case fogging of the windshield of the automobile is
forecast or detected in a heating operation condition, the
condition of the windshield can be prevented well by
changing over the flow of refrigerant into that of a dehu-
midifying operation condition. Particularly upon dehumidi-
fying operation, since the drop in temperature of blown out
air at the evaporator 207 is greater than the rise at the
condenser 203 as described above, dehumidification having
somewhat heating effect can be achieved. Accordingly, even
if the operation is changed over from a heating operation
condition to a humidifying operation condition, the tem-
perature of blown out air will not be lowered remarkably,
and consequently, good heating can be achieved.

Meanwhile, in a humidifying operation condition, since
the evaporator 207 performs an evaporating action, particu-
larly when the temperature of air sucked into the evaporator
207 is low as in winter, there is the possibility that the
evaporator 207 may be frozen. Thus, in such a case, other-
wise possible freezing of the evaporator 207 can be pre-
vented well by changing over the operation from the dehu-
midifying operation to a heating operation.

FIG. 41 shows a flow chart when the operation is changed
over from a heating operation condition to a dehumidifying
operation condition. The present flow chart is used to control
changing over of the solenoid valves of the refrigerating
cycle described hereinabove. After operation is started at
step 440, it is judged at step 441 whether or not the air
conditioner switch 305 is on or off. In case the air condi-
tioner switch 305 is on, it is then judged at step 442 whether
or not the refrigerating cycle is in an operation condition
wherein it blows out only a weak wind or in an air condi-
tioning operation condition wherein the compressor 201 is
operating. If an air conditioning operation condition is
judged at step 442, judgment of a cooling operation
condition, a dehumidifying operation or a heating operation
condition is performed at step 443.

As described hereinabove, in any of the refrigerating
cycles, in a cooling operation condition, refrigerant dis-
charged from the compressor 201 is condensed in the outside
heat exchanger 202, and then decompressed and expanded,
whereafter it is supplied into the evaporator 207. Then, the
refrigerant takes heat of vaporization away from air in the
evaporator 207 to cool the air. On the other hand, in a heating
operation condition, refrigerant discharged from the com-
pressor 201 flows into the condenser 203, in which it
radiates heat of condensation into air to heat the air. After
then, the refrigerant is decompressed and expanded, and
then it is evaporated in the outside heat exchanger 202 and
fed back into the compressor 201 again. Upon dehumidify-
ing operation, the manner of use of the outside heat
exchanger 202 is different among the different refrigerating
cycles, but the condenser 203 performs a condensing func-
tion to radiate heat of condensation into air to heat the air.
Further, the evaporator 207 performs an evaporating action
to cool air by heat of vaporization to condense moisture from
within the air. Then, the outside heat exchanger 202 acts as
an evaporator or a condenser depending upon a circuit of the
refrigerating cycle. Further, as described already, a flow of
refrigerant flowing to the outside heat exchanger 202 may
flow in series to the condenser 203 or in parallel to the
condenser 203. In particular, in a first condition, refrigerant
discharged from the compressor 201 first flows into the
condenser 203 and then into the outside heat exchanger 202
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so that it may undergo a condensing action by both of
condenser 203 and the outside heat exchanger 202, where-
after it flows into the evaporator 207 by way of the capillary
tube 211. On the other hand, in a second condition, refrig-
erant discharged from the compressor 201 is supplied in
parallel into both of the condenser 203 and the outside heat
exchanger 202, and then the refrigerant condensed in both of
the condenser 203 and the outside heat exchanger 202 is
supplied into the evaporator 207 by way of the capillary tube
211.

Further, also wren the outside heat exchanger 202 acts as
an evaporator upon dehumidifying operation, similarly two
cases are available including a first case wherein refrigerant
flows in series and a second case wherein refrigerant flows
in parallel. In particular, in the first case, refrigerant con-
densed in the condenser 203 flows, after passing the capil-
lary tube 212, in series through the outside heat exchanger
202 and the evaporator 207 such that an evaporating action
is achieved by both of the outside heat exchanger 202 and
the evaporator 207, whereafter the refrigerant is sucked into
the compressor 201. Particularly in this instance, either the
evaporator 207 may be located on the upstream side of the
outside heat exchanger 202 or the outside heat exchanger
202 may be located on the upstream side of the evaporator
207.

Meanwhile, in the second case, liquid refrigerant con-
densed in the condenser 203 is supplied, after passing the
capillary tube 211, in parallel to both of the outside heat
exchanger 202 and the evaporator 207.

In the present flow chart of FIG. 41, it is judged, at step
444, in accordance with a changed over condition of the
inside/outside air changing over damper 131 whether a
heating operation or a dehumidifying operation should be
performed in a heating operation condition. Then, in case an
outside air admitting condition is detected at step 444, the
heating operation condition is maintained. This is because,
normally in an outside air introducing condition, ventilation
of the room of the automobile is performed and the wind-
shield is not likely fogged.

In case it is judged at step 444 that the inside/outside air
changing over damper 131 is in an inside air admitting
condition, it is judged subsequently at step 445 whether or
not a cancelling switch is on or off.

The cancelling switch is provided, though not shown, on
the control panel for preventing, by manual operation
thereof, operation of the automatic air conditioner from
automatically changing over from a heating operation con-
dition to dehumidifying operation. However, in case the
cancelling switch is on, even if it is forecast at step 444 that
the windshield may be fogged, heating operation will still be
continued.

Only when the cancelling switch is not on, dehumidifying
operation is performed in case fogging of the windshield is
forecast at step 444. Preferably, the dehumidifying operation
here is dehumidifying operation having some heating effect.
This is achieved by lowering, in the refrigerating cycle in
which the outside heat exchanger acts as a condenser, the
heat exchanging function of the outside heat exchanger. It is
to be noted that such dehumidifying operation having some
heating effect will be hereinafter described.

It is to be noted that, while, in the flow chart of FIG. 41,
a fogged condition of the windshield is judged in accordance
with a changing over condition of the inside/outside chang-
ing over damper 131, changing over may otherwise be
performed in accordance with a blowing out mode or an
outside air condition as seen from the flow chart shown in
FIG. 42.
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In particular, even if an outside air admitting condition is
detected at step 444, if it is judged at step 446 that air flows
to the def spit hole 146, then it is determined that the
passenger requires dehumidification, and consequently, the
operation is changed over to the dehumidifying operation
side. It is to be noted that judgment of a mode at step 444
and judgment of changing over between spit holes at step
446 are different from each other as described subsequently
In particular, the judgment of a mode at step 444 is made
principally based on a necessary blown out air temperature
Tao while changing over of a mode at step 446 is performed
by selection of the passenger.

At step 447, it is judged whether or not the temperature of
outside air is equal to or higher than 0° C. Here, in case it
is judged that the outside air temperature is lower than 0° C.
heating operation is selected because, otherwise if dehu-
midifying operation is performed, then there is the possibil-
ity that the evaporator 207 may be frozen. Then, when the
outside air temperature is equal to or higher than 0° C. and
there is no possibility that the evaporator 207 may be frozen,
dehumidifying operation is selected.

The DEF mode at step 446 mentioned above denotes a
condition wherein air flows to the def spit hole 146 and
includes not only a case wherein the entire amount of air
flows to the def spit hole 146 but also another case wherein
air flows to both of the def spit hole 146 and the foot spit
hole 145.

FIG. 43 shows another flow chart of changing over
between heating operation and dehumidifying operation. In
the flow chart of FIG. 43, fogging of the windshield is
judged at step 448. The judgment is performed using a
dewing sensor not shown. The dewing sensor identifies from
a temperature of a glass portion and a humidity of air
whether or not the surface of the glass is lower than a dew
point of moisture in the air in order to forecast occurrence of
fogging. Then, in case occurrence of fogging is not detected
or forecast at step 448, the automotive air conditioner enters
heating operation.

In case occurrence of fogging is forecast at step 448, a
temperature of outside air is detected at step 447, and if the
outside air temperature is equal to or higher than 0° C., then
dehumidifying operation having some heating effect is
selected. In this instance, the inside/outside air changing
over damper is put into an inside air admitting condition in
order to achieve a high heating efficiency while the damper
141 is opened so that warm air may advance from the def
spit hole 146 toward the windshield.

In case a temperature of outside air equal to or higher than
0° C. is detected at step 447, heating operation is selected in
order to prevent freezing of the evaporator 207. However,
since this condition is a condition wherein fogging of the
windshield is forecast, the inside/outside air changing over
damper 131 is put into the outside air admitting condition.
Further, the damper 141 opens the def passage 146 so that
air warmed by heating operation may be blown out from the
def spit hole 146 toward the windshield.

In case it is judged at step 447 that the outside air
temperature is equal to or higher than 0° C. dehumidifying
operation having some heating effect is performed. In this
instance, the inside/outside air changing over damper 131 is
changed over to the inside air admitting condition in order
to lower the heating load. Further, the def spit hole 146 is
opened so that fogging of the windshield may be prevented
well.

FIG. 44 is a flow chart illustrating a further control for the
prevention of fogging of the windshield. In the present flow
chart, detection of occurrence of fogging is executed in
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accordance with the position of the inside/outside air chang-
ing over damper 131 (step 444). Then, in case an inside air
admitting condition is judged at step 444, since this is a
condition wherein fogging of the windshield is forecast, an
actual situation of the windshield is judged at step 448.
Then, in case it is detected that the windshield is actually
fogged or is entering into a fogged condition, dehumidifying
operation having some heating effect is selected. On the
contrary if fogging of the windshield is not detected at step
448, cven if an inside air admitting condition is judged at
step 444, heating operation will be continued.

FIG. 45 shows a flow chart of another example of
controlling changing over between dehumidifying operation
having some heating effect and heating operation. In the
present example, a changed over position of the inside/
outside air changing over damper 131 is judged at step 444
and the changing over is controlled in accordance with the
judgment similarly as in the flow chart described herein-
above. However, even when an inside air admitting condi-
tion is detected at step 444, when the cancelling switch is in
an on-state, heating operation is continued (step 445) simi-
larly as in the flow chart shown in FIG. 42. Further, in the
flow chart shown in FIG. 45, a step 449 is added so that an
elapsed time after the inside/outside changing over damper
131 has been changed over to the inside air admitting
condition may be judged. This is because, even if the
inside/outside air changing over damper 131 is changed over
to the inside air admitting condition, this will not immedi-
ately result in fogging of the windshield. Thus, in case it is
judged at step 449 that the inside air admitting condition has
continued for a predetermined period of time, for example,
for 1 to 3 minutes or so, dehumidifying operation having
some heating effect is entered.

On the other hand, in case it is detected at step 449 that
the inside air admitting condition has continued but for a
period of time shorter than the predetermined period of time,
for example, 1 to 3 minutes, heating operation will be
continued. This is because, depending upon a driving con-
dition of the automobile, the automotive air conditioner is
sometimes used in such a manner that the admitting time of
inside air comes to an end after a comparatively short period
of time such that the inside air admitting condition may be
entered and continued only while the automobile is driving,
for example, in a tunnel.

It is to be noted that, while, in the flow chart shown in
FIG. 45, dehumidifying operation having some heating
effect is performed if dehumidification is necessary when
heating operation is selected at step 443, alternatively dehu-
midifying operation having some heating effect and heating
operation may be performed alternately as seen from FIG.
46. In this instance, such alternate operation may be per-
formed at intervals of 5 to 10 minutes or so. Consequently,
even upon dehumidifying operation, heating of the room of
the automobile can be performed well.

A flow chart of control wherein, when dehumidifying
operation is selected at step 443, the operation is changed
over to heating operation is shown in FIG. 47.

This is because, since the evaporator 207 operates, in a
dehumidifying operation condition, so that cool air is nor-
mally admitted into the evaporator 207 from outside the
automobile as described above, there is the possibility that
the evaporator 207 may be frozen. If the evaporator 207 is
frozen, then the ventilation resistance is increased and the
heat exchanging efficiency is deteriorated.

Therefore, in the flow chart of FIG. 47, a frozen condition
of the evaporator 207 is judged at step 450. The judgment at
step 450 determines a frozen condition of the evaporator 207
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when the detection temperature signal from the temperature
sensor for detecting a temperature of the surface of the
evaporator 207 is lower than 0° C. and the temperature of air
having passed the evaporator 207 is lowered to 0° C. or so.

If a frozen condition of the evaporator 207 is not deter-
mined at step 450, dehumidifying operation is performed.
However, when a frozen condition of the evaporator 207 is
detected at step 450, the control sequence advances to step
451. At step 451, it is judged whether or not the room
temperature is equal to or higher than a preset temperature.
Then, if a condition wherein the room temperature is equal
to or higher than the preset temperature is determined at step
451, then this is a condition wherein no heating is required
for the room of the automobile. Accordingly, in this instance,
the operation is not changed over to heating operation.
However, since a frozen condition of the evaporator 207 has
been determined at step 450, the discharging capacity of the
evaporator 201 is lowered in order to cancel the frozen
condition. Consequently, the evaporating capacity of the
evaporator 207 is lowered so that at least freezing at the
evaporator 207 may not proceed any more.

If a condition wherein the room temperature is lower than
the preset temperature is determined at step 451, then since
heating operation will not cause the passenger to have a
disagreeable feeling in this condition, the operation is
changed over to heating operation.

It is to be noted that it is naturally possible to eliminate the
step 451 in the control flow chart of FIG. 45, In other words,
the operation may be changed over to heating operation if
freezing at the evaporator 207 is detected at step 450.

Subsequently, control when a frosted condition of the
outside heat exchanger 202 is detected in a heating operation
condition and the operation is changed over to dehumidify-
ing operation will be described. Referring to the flow chart
of FIG. 48, when a heating mode is selected at step 443, a
frosted condition of the outside heat exchanger 202 is
detected at subsequent step 452.

This is because, since the outside heat exchanger 202
operates as an evaporator in a heating operation condition as
described hereinabove, there is the possibility that frost may
appear on the surface of the outside heat exchanger 202
when the temperature of of outside air is low. The judgment
at step 452 is performed in the following conditions. First,
it is judged whether or not the heating operation time in a
condition wherein the temperature of the outside heat
exchanger 202 is lower then —3° C. has continued for more
than one hour, and then it is judged whether or not the
temperature of the outside heat exchanger 202 is lower by
12° C. or more than the temperature of outside air When the
temperature of the outside heat exchanger 202 is not lower
than —3° C., this indicates that the temperature of the surface
of the outside heat exchanger 202 is not so low as will lead
to frosting, and when the temperature of the outside heat
exchanger 202 is not lower by 12° C. or more than the
temperature of outside air, this indicates that a sufficient
evaporating function is assured with the outside heat
exchanger 202. In other words, if frost appears on the
surface of the outside heat exchanger 202, then passage of
heat is obstructed, and as a result, the evaporating action of
the outside heat exchanger 202 is deteriorated. Therefore,
the evaporating pressure of refrigerant is decreased in order
to maintain the function of the refrigerating cycle. Then,
refrigerant having such a decreased evaporating pressure
exhibits further decrease of the evaporating temperature, and
as a result, the temperature of the outside heat exchanger 202
becomes lower by 12° C. or more than the temperature of
outside air supplied to the outside heat exchanger 202.
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Further, the reason why it is judged whether or not the
refrigerant supplying time to the outside heat exchanger 202
has elapsed for more than one hour is that normally it is a
phenomenon which appears after continuous operation for
more than one hour that frost appears on the outside heat
exchanger 202 to such a degree that it has a significant effect
on the heating performance of the outside heat exchanger
202.

A condition of the outside heat exchanger 202 is detected
in this manner at step 452, and if no frost is determined, then
heating operation is continued. On the contrary if a frosted
condition is determined at step 452, then a display of such
frosting is provided at step 452. The passenger can find the
necessity of defrosting from the frosting display. FIG. 52
shows an example of an operation panel which includes an
LED 315 for displaying a frosted condition. The operation
panel further includes a defrosting switch 314 for starting
defrosting, and if the defrosting switch 314 is switched on,
then this is detected at step 453. In response to such
detection, the operation of the automotive air conditioner is
changed over to dehumidifying operation. It is to be noted
that the dehumidifying operation in this instance is a refrig-
erating cycle wherein the outside heat exchanger 202 acts as
a condenser. In other words, even in dehumidifying
operation, a cycle wherein the outside heat exchanger 202
acts as an evaporator is excepted in the present control.

It is to be noted that, with the operation panel shown in
FIG. 52, not only operation of the automotive air condition
but also operation of the blower 132 are stopped simulta-
neously by means of a stop switch 307. When only the
blower 132 is to operate, a blower switch 316 will be
switched on. Changing over of the capacity of the blower
132 upon air blasting is performed by way of the switch 301.

In order to facilitate defrosting, the compressor 201 has a
great capacity. Further, the inside/outside air changing over
damper 131 is changed over to an inside air mode position
so that the heating capacity may not be deteriorated when
dehumidifying operation is entered. Further, the auxiliary
heaters 700 and 701 are rendered operative if necessary.
Besides, the blowing air amount of the blower 132 is
decreased to prevent a drop of the blown out air temperature.
In addition, the blower 251 for the outside heat exchanger
202 is stopped.

As a result, high pressure refrigerant discharged from the
compressor 201 is supplied into the outside heat exchanger
202 so that frost adhering closely to the surface of the
outside heat exchanger 202 can be melted by heat of the
refrigerant.

It is to be noted that, while, in the flow chart shown in
FIG. 48, dehumidifying operation is performed when
defrosting is required, alternatively dehumidifying operation
having some heating effect and heating operation may be
performed alternately as seen from the flow chart shown in
FIG. 49. In particular, as seen at step 454 of FIG. 49,
dehumidifying operation and heating operation may be
performed alternately in such a manner that dehumidifying
operation is performed for a predetermined period of time,
for example, for 1 to 5 minutes or so after heating operation
has been performed for another predetermined period of
time, for example, for 30 minutes to one hour.

It is to be noted that, in this instance, the condition
whether or not the function of the outside heat exchanger
202 as an evaporator has continued for more than one hour
is eliminated from the conditions for detection of frosting at
step 452. In other words, presence or absence of frost is
judged depending upon whether or not the temperature of
the outside heat exchanger 202 is lower by more than the
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predetermined temperature than the temperature of outside
air and whether or not the temperature of the outside heat
exchanger 202 is lower than -3° C. Here, the temperature
difference between the temperature of the outside heat
exchanger 202 and the temperature of outside air is not set
to 12° C. or more as at step 452 of the flow chart shown in
FIG. 48 but set to 8° C. or more at step 452 of the flow chart
shown in FIG. 49. This is because it is intended to precau-
tionarily detect possible or forecast frost on the outside heat
exchanger 202 before the outside heat exchanger 202 is
completely frosted.

Further, in the present flow chart, in dehumidifying opera-
tion having some heating effect at step 454, the inside/
outside air changing over damper 131 need not completely
be changed over to its inside air admitting position but may
be set to another position at which both of inside air and
outside air can be admitted.

Subsequently, dehumidifying operation having some
heating effect described in the control above will be
described.

In dehumidifying operation, air is first cooled in the
evaporator 207 and then heated in the condenser 203, but
since heat is used for sensible heat for condensing moisture
in air in the evaporator 207 as described hereinabove, the
temperature of the air is not lowered very much, and as a
result, the temperature or air having passed both of the
evaporator 207 and the condenser 203 rises. Further, since
dehumidifying operation involves at least three heat
exchangers including the condenser 203, the evaporator 207
and the outside heat exchanger 202, the refrigerant condens-
ing pressure, that is, the condensing temperature, of the
condenser 203 can be variably controlled by variably con-
trolling the heat exchanging capacity of the outside heat
exchanger 202. For example, when both of the condenser
203 and the outside heat exchanger 202 perform a condens-
ing action in such a refrigerating cycle as shown in FIG. 21,
the condensing capacity as a refrigerating cycle can be
varied by controlling the blower 251 for the outside heat
exchanger 202. When the blower 251 operates to blast a
great amount of air, the condensing capacity is increased,
and as a result, the condensing pressure of refrigerant is
lowered. This signifies a drop of the condensing temperature
of refrigerant and will cause a drop of the temperature of the
condenser 203.

On the contrary when the blower 251 stops its operation,
the heat exchanging capacity of the outside heat exchanger
202 is lowered, and as a result, the condensing capacity of
the refrigerating cycle is lowered. Consequently, the con-
densing pressure of refrigerant is increased and the condens-
ing temperature of refrigerant in the condenser 203 is raised.
This will raise the temperature of the condenser 203, thereby
achieving dehumidifying operation having some heating
effect.

Various means for varying the condensing capacity of the
outside air conditioner may be available in addition to such
control of the blower 251 as described above.

For example, in a refrigerating cycle which employs a
damper such as the refrigerating cycle shown in FIG. 14
which employs the damper 253, the circuit of the damper
253 may be controlled so as to regulate the amount of air to
be admitted into the outside heat exchanger 202 thereby to
vary the heat exchanging capacity of the outside heat
exchanger 202. Further, where the outside heat exchanger
202 is divided into a plurality of outside heat exchangers, the
heat exchanging capacity may be controlled by controlling
the effective heat exchanging area of the outside heat
exchanger 202. Further, if necessary, coolant such as water
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is flowed into the outside heat exchanger, and the amount of
the coolant may be controlled to control the heat exchanging
capacity of the outside heat exchanger 202.

Further, in an apparatus wherein air to be admitted into the
outside heat exchanger 202 is changed over between outside
air and air in the room of the automobile, the temperature of
air to be admitted into the outside heat exchanger 202 may
be varied to control the heat exchanging capacity of the
outside heat exchanger 202.

Further, in such an apparatus as shown in FIG. 33 wherein
refrigerant discharged, upon dehumidifying operation, from
the compressor 201 is supplied in parallel to both of the
condenser 203 and the outside heat exchanger 202, the flow
rate of refrigerant to be supplied to the heat exchanger 202
may be varied by opening/closing control of the valve 294.
In particular, when the valve 294 is in an open condition,
refrigerant flows to both of the outside heat exchanger 202
and the condenser 203 so that a sufficient condensing action
is performed by the two heat exchangers 202 and 203. On
the contrary when the valve 294 is closed, a condensing
action is performed only in the condenser 203, and
consequently, the condensing capacity is low.

The capacity controls of the outside heat exchanger 202
described above may be used not only for dehumidifying
operation having some heating effect but also for control of
the an entire refrigerating cycle. For example, when the
pressure of the high pressure side refrigerant rises abnor-
mally during dehumidifying operation, the capacity of the
outside heat exchanger 202 may be varied in order to protect
the refrigerating cycle.

FIG. 50 shows a flow chart of operation for controlling the
blower 251 for the outside heat exchanger 202 for the object
described just above. Where fleon R22 is employed as
refrigerant, when the high pressure side refrigerant pressure
becomes higher than 24.5 kg/cm®G, the blower 251 is
rotated at a high speed. On the contrary when the high
pressure side refrigerant temperature becomes lower than
22.5 kg/cm>G, the blower 251 is stopped. In an intermediate
region between them, the blower 251 is rotated at a low
speed with some predetermined hysteresis.

FIG. 51 shows a control flow chart when capacity control
of the outside heat exchanger 202 is executed in order to
achieve both of protection of the refrigerating cycle and
achievement of agreeability in operation, upon dehumidify-
ing operation, a pressure on the high pressure side of the
refrigerating cycle is compared with a preset value at step
460. If the high pressure side pressure is higher than the
preset value, for example, 24.5 kg/cm>G, then the capacity
of the blower 251 for the outside heat exchanger 202 is
increased at step 461. Consequently, the condensing capac-
ity is enhanced and a rise in pressure to a high pressure in
the refrigerating cycle is prevented.

In case it is determined that the high pressure side
pressure is not higher than the preset value, a room tem-
perature is compared with a preset temperature subsequently
at step 462.

In case the room temperature is higher by 1° C. or more
than the preset temperature, it is determined that the heating
capacity is not required very much any more, and the
amount of air of the blower 251 is increased to increase the
condensing capacity. On the contrary, when the room tem-
perature is lower by 1° C. or more than the preset
temperature, it is determined that an increase of the heating
capacity is required, and the amount of air to be blasted from
the blower 251 is decreased. Consequently, the condensing
capacity of the outside heat exchanger 202 is decreased
thereby to increase the condensing pressure and the con-
densing temperature of the condenser 203.
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If the room temperature is within +1° C. of the preset
temperature, the current condition of the blower 251 is
maintained after then.

FIG. 53 shows a yet further automotive air conditioner
according to the present invention. In the present automotive
air conditioner, three heaters 203 are arranged in series at
three stages in the direction of a flow of air in the duct 100.
A temperature sensing tube 204 is disposed at a refrigerant
pipe on the upstream side of the subcooler 203¢ which is
positioned on the most upstream side in the direction of a
flow of air among the heaters 203, and the expansion valve
206 variably controls the refrigerating passage so that refrig-
erant may present a predetermined temperature at the
entrance of the subcooler 203c.

In the present automotive air conditioner, the expansion
valve 206 controls the refrigerant passage so that refrigerant
having passed the condenser 203b has a subcooling degree
of 2 to 3° C. When the temperature of air which passes the
heaters 203 is low or when the flow rate of air is high,
refrigerant is liable to be condensed in the heaters 203 and
refrigerant having passed the condenser 2035 may possibly
have a sufficient subcooling degree. In this instance, a drop
of the temperature of refrigerant is detected by the tempera-
ture sensing tube 204 and fed back to the expansion valve
206, and consequently, the expansion valve 206 varies the
refrigerating passage in an expanding direction. As a result,
the pressure of refrigerant on the heaters 203 side is dropped,
and the subcooling degree of refrigerant upon passage of the
condenser 2035 is decreased.

On the contrary when the flow rate of air to be admitted
into the heaters 203 is low or the like, sufficient radiation of
heat cannot be performed with the condensers 203a and
203b. As a result, even after refrigerant passes the condenser
203b, a sufficient subcooling degree of refrigerant cannot be
achieved. In this condition, the temperature of refrigerant at
the heat sensing tube 204 rises, and a signal thereof is fed
back to the expansion valve 206. Consequently, the expan-
sion valve 206 varies the refrigerating passage in a narrow-
ing direction. As a result, the pressure of refrigerant in the
heaters 203 on the downstream side of the expansion valve
206 is raised, and refrigerant becomes liable to be con-
densed. In other words, it becomes liable to achieve sub-
cooling with an equal flow rate of air.

In this manner, the subcooling degree of refrigerant at the
location of the temperature sensing tube 204 can be main-
tained to a predetermined value by variably controlling the
passage of refrigerant by means of the expansion valve 206
in response to the temperature sensing tube 204.

Since, in the present automotive air conditioner, refriger-
ant at the location of the temperature sensing tube 204 has
the subcooling degree of 2 to 3° C. as described above, the
subcooler 203c located on the downstream side of the
temperature sensing tube 204 in a flow of refrigerant can
provide a subcooling degree of refrigerant with certainty.

In particular, since the subcooler 203¢ admits on the
entrance side thereof refrigerant which already has a prede-
termined (2 to 3° C.) subcooling degree, refrigerant after
passing the subcooler 203¢ has a higher subcooling degree.
While the width of the subcooling degree is not fixed
depending upon the temperature and/or the flow rate of air
admitted into the subcooler 203c, the subcooling degree can
be increased with certainty.

To increase the subcooling degree leads to an increase of
the enthalpy of refrigerant on the heat radiation side and
hence to enhancement of the operation efficiency of the
refrigerating cycle.

Particularly in the present automotive air conditioner,
since the subcooler 203c is disposed on the downstream side
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of the location of the temperature sensing tube 204,
improvement in operation efficiency of the refrigerating
cycle can be achieved with certainty by subcooling by the
subcooler 203c. Particularly where the subcooler 203c¢ is
used together with the air mixing damper 154 as in an
automotive air conditioner, the flow rate of air flowing into
the heaters 203 side varies to a great extent in response to the
opening of the air mixing damper 154. Further, the tempera-
ture of air flowing into the heaters 203 is different to a great
extent between that when refrigerant flows through the
evaporator 207 and that when refrigerant flows along the
bypass passageway 230 bypassing the evaporator 207.

In this manner, in an automotive air conditioner, since the
flow rate and the temperature of air flowing into the heaters
203 vary to a great extent, in order to assure a subcooling
degree in any operating condition, preferably the subcooler
203c¢ is disposed on the downstream side of the temperature
sensing tube 204 as in the present automotive air condi-
tioner.

Further, in the automotive air conditioner of FIG. 53, a
shutter 255 for limiting admission of air is provided for-
wardly of the outside heat exchanger 202. The shutter 255
corresponds to the function of the damper 253 in the
automotive air conditioner shown in FIG. 14, and the
occupying area can be reduced by provision of the shutter
255 shown in FIG. 53 in place of the damper 253. Further,
the automotive air conditioner shown in FIG. 53 includes,
similarly to the automotive air conditioner shown in FIG. 18,
a fan 251 for electrically controlling air to be admitted into
the outside heat exchanger 202.

The shutter 255 described above is particularly effective
upon defrosting operation of the refrigerating cycle. The
defrosting operation is operation wherein refrigerant in a
high temperature, high pressure condition is admitted, when
frost on the outside heat exchanger 202 is detected during
heating operation, into the outside heat exchanger 202 to
raise the temperature of the outside heat exchanger 202 to
melt the frost frozen on the outside heat exchanger 202.
Since defrosting operation is performed during heating
operation wherein the temperature of outside air is low in
this manner, if a large amount of outside air is admitted into
the outside heat exchanger during defrosting operation, then
much time is required for such defrosting and defrosting
may sometimes be impossible. Particularly with an automo-
tive heat exchanger, since the outside heat exchanger 202 is
disposed at a position at which it likely meets with a driving
wind of the vehicle, it will have a significant influence upon
defrosting operation that the outside heat exchanger 202 is
cooled by a driving wind during running of the automobile.

Thus, with the present automotive air conditioner, upon
defrosting operation, the shutter 255 is closed to prevent a
driving wind from being admitted into the outside heat
exchanger 202, and also operation of the fan 251 for the
outside heat exchanger 202 is stopped.

Subsequently, a controlling method for the refrigerating
cycle shown in FIG. 53 will be described. Judgment whether
the refrigerating cycle should operate in heating operation,
dehumidifying heating operation, dehumidifying operation,
cooling operation or defrosting operation for the outside heat
exchanger is made in accordance with a flow of operations
similar to that of the control shown in FIG. 48. The four-way
valve 213, solenoid valve 231 and shutter 255 are opened
and closed in the individual modes in such a manner as seen
from FIG. 54.

It is to be noted that the four-way valve 213 is changed
over, similarly as in the automotive air conditioners
described hereinabove, between a position (cooler
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condition) in which refrigerant discharged from the com-
pressor 201 flows to the outside heat exchanger 202 side and
returning refrigerant from the evaporator 207 side is sucked
into the compressor 201 and another position (heater
condition) in which refrigerant discharged from the com-
pressor 201 flows to the heaters 203 side and returning
refrigerant is sucked from the outside heat exchanger 202
into the compressor 201.

Meanwhile, the solenoid valve 231 opens or closes the
bypass passageway 230 for flowing refrigerant bypassing
the evaporator 207 therethrough. Accordingly, when the
solenoid valve 231 is open, refrigerant flows through the
bypass passageway 230 and does not substantially flow to
the evaporator 207 side. On the contrary, when the solenoid
valve 231 is in a closed condition, refrigerant flows to the
evaporator 207 side.

As seen from the control illustrated in FIG. 54, upon
heating operation and upon dehumidifying heating
operation, the four-way valve 213 is changed over to the
heater condition, in which refrigerant in a high temperature,
high pressure condition is supplied lo the heaters 203. On the
other hand, upon dehumidifying operation, upon cooling
operation and upon defrosting operation, the four-way valve
213 is changed over to the cooler condition wherein refrig-
erant in a high temperature, high pressure condition is
supplied to the outside heat exchanger 202.

The solenoid valve 231 is opened only upon heating
operation but is closed in any other mode. In particular, only
upon heating operation, refrigerant flows bypassing the
evaporator 207. As a result, upon heating operation, the
evaporator 207 does not function, and air flowing in the duct
100 is not cooled by the evaporator 207 at all. In any other
operation condition, refrigerant is supplied into the evapo-
rator 207 after passing the capillary tube 211, and the
evaporator 207 functions as a cooler for air.

The shutter 255 is closed only upon defrosting of the
outside heat exchanger 202 as described above but is open
in any other operation condition.

In a heating condition A and a dehumidifying heating
condition B of FIG. 54, such control as illustrated in FIG. 55
is executed. In particular, referring to FIG. 55, in a heating
operation condition, the fan 251 for the outside heat
exchanger 202 is rotated at its maximum speed at step 470.
Consequently, when the heat pump is operated, absorption
of heat from outside air is maximized.

In particular, upon heating operation, refrigerant dis-
charged from the compressor 201 flows through the four-
way valve 213 into the heaters 203, in which it is condensed
and liquefied, whereafter it flows through the expansion
valve 206 and the bypass passageway 230 into the outside
heat exchanger 203. Thus, the outside heat exchanger 202
acts as an evaporator to evaporate the refrigerant, and after
then, the refrigerant is fed back to the compressor 201 by
way of the four-way valve 203. Accordingly, since, upon
heating operation, refrigerant is evaporated in the outside
heat exchanger 202 to absorb heat from outside air, also the
outside heat exchanger 201 to maximize the amount of heat
to be absorbed is rotated at its maximum speed.

The speed of rotation of the compressor 201 is determined
from a result of comparison between an aimed blown out air
temperature TAO and a blown out air temperature TA. The
blown out air temperature TA is determined in accordance
with a signal from the blown out air temperature sensor 323.
The blown out air temperature sensor 323 is disposed at a
position at which, a warm wind having passed the heaters
203 and a cool wind having bypassed the heaters 203 are
mixed with each other. When the aimed blown out air



6,044,653

45

temperature is higher than the actual blown out air
temperature, this condition is determined at step 471, and the
frequency of the invertor is increased at step 472. On the
contrary when the actual blown out air temperature TA is
higher than the aimed blown out air temperature TAO, the
frequency of the invertor is decreased at step 473.

The air mixing damper 154 is positioned at step 474 such
that the entire amount of air is not flown to the heaters 203
side in order to prevent a cool wind from being blown out
into the room of the automobile upon heating operation and
also upon dehumidifying heating operation described below.

Subsequently, control of dehumidifying heating operation
B of FIG. 54 will be described.

In dehumidifying heating operation, the solenoid valve
231 is closed so that refrigerant flows to the evaporator 207
side. In particular, in this condition, the heater 204 acts as a
condenser while both of the evaporator 207 and the outside
heat exchanger 202 operate as evaporators.

It is judged at step 475 whether or not the temperature of
air having passed the evaporator 207 is equal to or lower
than 3° C. It is to be noted that the air temperature is judged
in accordance with a signal from a temperature sensor 361
disposed on the downstream side of the evaporator 207.
When the air temperature is higher than 3° C., the heat
exchanging capacity of the outside heat exchanger 202 is
lowered and the fan 251 for the outside heat exchanger 202
is stopped in order to lower the evaporating pressures in the
evaporator 207 and the outside heat exchanger 202 at step
276.

In any other condition, the speed of rotation of the fan 251
for the outside heat exchanger 202 is controlled in accor-
dance with a result of comparison between the aimed blown
out air temperature and the actual blown out air temperature.
In case the aimed blown out air temperature is higher than
the actual blown out air temperature TA, this condition is
detected at step 477, and the speed of rotation of the fan 251
for the outside heat exchanger 202 is raised at step 478.
Consequently, the amount of heat to be absorbed in the
outside heat exchanger 202 is increased to raise the blown
out air temperature. On the contrary, when the actual blown
out air temperature TA is higher than the aimed blown out air
temperature TAO, the speed of rotation of the fan 251 is
lowered so as to lower the amount of heat to be absorbed in
the outside heat exchanger 202.

While rotation of the fan 251 for the outside heat
exchanger 202 is controlled in response to the aimed blown
out air temperature TAO in this manner, when the rotation is
in an intermediate region or is advancing from a maximum
or minimum region to the intermediate region, this condition
is detected at step 480, and the air mixing damper 154 is
opened to its maximum opening at step 474. In any other
condition, the control sequence advances to step 471 to
control rotation of the invertor for the compressor 201.

In particular, in the control illustrated in FIG. 55, control
of the capacity of the refrigerating cycle upon dehumidify-
ing heating is first executed by the fan 251 for the outside
heat exchanger 202, and only after rotation of the fan 251 for
the outside heat exchanger 202 becomes equal to its maxi-
mum or minimum, control of the discharging capacity of the
compressor 201 by the invertor is executed.

Subsequently, dehumidifying operation C shown in FIG.
54 will be described.

In such dehumidifying operation, the four-way valve 213
is changed over so that the outside heat exchanger 202 and
the heaters 203 act as condensers and evaporation of refrig-
erant is performed in the evaporator 207.

Also upon dehumidifying operation, it is judged at step
475 whether or not the temperature of outside air is equal to
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or lower than 3° C., and in case the outside air temperature
is equal to or lower than 3° C., the fan 251 for the outside
heat exchanger 202 is stopped at step 476. Further, in this
instance, the circuit of the air mixing damper 154 is changed
over at step 481 to a condition wherein the entire amount of
air flows to the heaters 203 side.

Temperature control of the refrigerating cycle when the
outside air temperature is higher than 3° C. is performed first
by the air mixing damper 154 and then by the fan 251 for the
outside heat exchanger 251 and finally by capacity control of
the compressor 281. The capacity controls of the outside
heat exchanger and the compressor are similar to those in a
dehumidifying heating operation condition described here-
inabove.

In the control by the air mixing damper 154, before it is
detected at step 482 whether or not the air mixing damper
154 is at its maximum heating position, the aimed blown out
air temperature TAO and the actual blown out air tempera-
ture TA are compared with each other at step 483 and then
the opening of the air mixing damper 154 is regulated at step
484 or 485.

Subsequently, cooling operation D in FIG. 54 will be
described with reference to FIG. 57.

Upon cooling operation, refrigerant first flows into the
outside heat exchanger 202 and is then decompressed and
expanded in the expansion valve 206 after passing the
heaters 203, whereafter it flows into the evaporator 207. The
refrigerant is thus evaporated in the evaporator 207 and then
returns to the compressor 207 by way of the accumulator
212. Upon such heating operation, since air is not heated by
the heaters 203, the air nixing damper 154 is displaced at
step 486 to a position at which it closes the heaters 203.
Meanwhile, since the outside heat exchanger 202 operates as
a condenser, rotation of the fan 251 for the outside heat
exchanger 202 is raised to its maximum in order to maxi-
mize the heat radiating capacity of the condenser 202 at step
487. In this condition, control of the cooling capacity is
performed by varying the discharging capacity of the com-
pressor 201 at steps 471 and 272 or 473.

Subsequently, defrosting operation E in FIG. 54 will be
described with reference to FIG. 58.

In defrosting operation, a flow of refrigerant is basically
similar to that in cooling operation, and refrigerant in a high
temperature, high pressure condition flows into the outside
heat exchanger 202. However, in order to quicken
defrosting, the shutter 255 is closed as described herein-
above. Further, since this condition is basically a condition
wherein heating is required, the air mixing damper 154 is
displaced at step 488 to a position at which the entire amount
of air flows to the heaters 203 side. Further, the fan 251 for
the outside heat exchanger 202 is stopped or kept inopera-
tive at step 489 so that a cool wind may not come to the
outside heat exchanger 202. Further, in order to complete
defrosting in a short interval of time. Fine invertor is
controlled to maximize the discharging capacity of the
compressor 201 at step 490.

Operating conditions of the four-way valve 213, the
solenoid valve 231, the shutter 255, the air mixing damper
154, the fan 251 for the outside heat exchanger 202 and the
invertor for controlling the discharging amount of the com-
pressor 201 in the various operation conditions described
above are listed up in the table shown in FIG. 59.

Further, directions of flows of refrigerant in the heating
operation condition, the dehumidifying heating operation
condition, the heating operation condition and the defrosting
operation condition described above are shown in FIGS. 60
to 63, respectively. A flow of refrigerant is indicated by a
thick line in each of FIGS. 60 to 63.
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In the heating operation condition shown in FIG. 60, the
heaters 203 operate as condensers and a subcooler: the
outside heat exchanger 202 operates as an evaporator: and
the evaporator 207 disposed in the duct 100 does not
operate. This is intended to prevent cooling of air in the duct
100 upon heating by keeping the evaporator 207 inoperative.

However, when the heating load is particularly high such
as upon warming up immediately after starting of heating,
the refrigerating cycle is set similarly as in dehumidifying
heating operation shown in FIG. 61 such that refrigerant
flows also to the evaporator 207 so that the evaporator 207
may operate as a heat sink.

This arises from the facts that, since the temperature of air
sucked is low when the heating load is high in this manner,
a drop of the temperature of air by the evaporator 207 does
not matter very much, that absorption of heat at the evapo-
rator 207 is cancelled by a variation of visible heat of air and
the temperature of air itself does not drop very much, and
that, since absorption of heat in the entire refrigerating cycle
is performed in both of the evaporator 207 and the outside
heat exchanger 202, the amount of absorbed heat is
increased and as a result the amount of heat radiation from
the heaters 203 is increased.

In particular, while heat of air sucked into the evaporator
207 is absorbed in the evaporator 207, heat absorption then
is performed first by condensation of water in air, and
consequently, the temperature of the air is not lowered very
much even after it passes the evaporator 207. Rather, a rise
of the amount of heat radiation of the heaters 203 acts
effectively upon a rise of the temperature. In particular, the
amount Of heat radiation of the heaters 203 results imme-
diately in a rise of the temperature of air passing the heaters
203, and there is no variation in latent heat.

Besides, since absorption of heat is performed in both of
the evaporator 207 and the outside heat exchanger 202, the
amount of heat absorption Is increased and as a result, the
evaporating pressure of refrigerant is raised. As the evapo-
rating pressure rises, the specific volume of refrigerant
sucked into the compressor 201 is decreased, and
consequently, the flow rate by weight of recirculating refrig-
erant by the compressor is increased. In this manner, also the
amount of heat of refrigerant supplied to the heaters 203 is
increased and the amount of heat radiation by the heaters
203 is increased.

However, since the operation condition requires higher
power for the compressor 201, such a flow of refrigerant as
shown in FIG. 60 is taken in normal heating operation as
described hereinabove.

FIG. 64 shows an example of a controlling operation
panel for the cycle of the automotive air conditioner shown
in FIG. 53. Since the automotive a conditioner shown in
FIG. 53 has a dehumidifying heating operation mode as
described hereinabove, a switch for dehumidifying heating
is additionally provided comparing with the panel shown in
FIG. 52.

A yet further automotive air conditioner according to the
present invention will be described with reference to FIG.
65. The automotive air conditioner shown in FIG. 65 elimi-
nates the evaporating pressure regulating valve 208 com-
paring with the automotive air conditioner shown in FIG. 53.

Prior to description of control of the automotive air
conditioner shown in FIG. 65, a function of the evaporating
pressure regulating valve 208 will be described first with
reference to FIG. 53. The evaporating pressure regulating
valve 208 is provided to prevent frosting on the surface of
the evaporator 207 when, particularly upon dehumidifying
heating operation, both of the evaporator 207 and the outside
heat exchanger 202 serve as heat sinks to effect evaporation
of refrigerant.
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In particular, since there is the possibility that frost may
adhere to the surface of the evaporator 207 when the
evaporating pressure of refrigerant in the evaporator 207 is
excessively lowered until the refrigerant evaporation tem-
perature becomes lower Man the freezing point, the pressure
of refrigerant at the exit of the evaporator 207 is kept higher
than a predetermined value by means of the evaporating
pressure regulating valve 208 in order to prevent such
possible frosting.

In the automotive air conditioner shown in FIG. 65, the
function of the evaporating pressure regulating valve 208 is
achieved by opening/closing movement of the bypass pas-
sageway 230. In particular, also in the present automotive air
conditioner, both of the evaporator 207 and the outside heat
exchanger 202 operate, upon dehumidifying heating
operation, as heat sinks to effect evaporation of refrigerant
similarly as in the automotive air conditioner described
hereinabove with reference to FIG. 53. In this instance,
when the pressure of refrigerant in the evaporator 207 is
lowered below a predetermined value, this condition is
detected by means of a temperature sensor 329 disposed on
a refrigerant pipe on the exit side of the evaporator 207 and
the solenoid valve 231 is opened. Since the communication
resistance to refrigerant is lower in the bypass passageway
230 than in the evaporator 207, when The solenoid valve 231
is opened, refrigerant flows to the bypass passageway 230
while admission thereof into the evaporator 207 side is
limited. Due to the limit in supply amount of refrigerant,
evaporation of refrigerant does not occur in the evaporator
207, and as a result, the cooling capacity of the evaporator
207 is decreased remarkably. In the meantime, since the
temperature of air admitted into the evaporator 207 is equal
to a room temperature, if operation is continued in the
condition wherein the cooling capacity is decreased
remarkably, then frost appearing on the surface of the
evaporator 207 will be melted.

In this manner, the evaporation temperature of refrigerant
in the evaporator 207 can be restricted within a predeter-
mined width by controlling opening/closing movement of
the solenoid valve 231 in response to a temperature of
refrigerant on the exit side of the evaporator 207 in this
manner, and as a result, a function similar to that of the
evaporating pressure regulating valve described hereinabove
can be achieved.

A yet further automotive air conditioner according to the
present invention will be described with reference to FIG.
66. While in the automotive air conditioner shown in FIG.
53, the bypass passageway Is provided sidewardly of the
heaters 203 and, upon cooling, the air mixing damper 154
closes the heaters 203 so that air may flow along the bypass
passageway, the heaters 203 in the automotive air condi-
tioner shown in FIG. 66 is disposed over the entire area in
the duct 100.

Then, upon cooling a bypass passageway 234 is opened so
that refrigerant may not flow to the heaters 203. The bypass
passageway 234 is provided to communicate a refrigerant
pipe on the entrance side and another refrigerant pipe on the
exit side of the heaters 203 with each other, and a solenoid
valve 232 for opening or closing the bypass passageway 234
is disposed intermediately of the bypass passageway 234.

Accordingly, upon cooling operation, the solenoid valve
232 is opened to open the bypass passageway 234.
Simultaneously, another solenoid valve 233 provided in the
entrance side refrigerant pipe is closed so that refrigerant
may not flow to the heaters 203.

Accordingly, upon cooling, refrigerant is not supplied to
the heaters 203, and refrigerant accumulated in the heaters
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203 will have a high subcooling degree. Since the expansion
valve 206 is controlled so that refrigerant on the entrance
side of the subcooler 203¢ may have a predetermined
subcooling degree as described hereinabove, in a condition
wherein refrigerant is not supplied any more and has a
predetermined subcooling degree in this manner, such signal
is inputted to the expansion valve 206 and consequently, the
expansion valve 206 is opened until its opening area pre-
sents its maximum in order to maximize the flow rate of
refrigerant. Accordingly, suitable cooling operation cannot
be performed in this condition. However, in the present
automotive air conditioner, since the capillary tube 211 is
provided in series to the expansion valve 206, refrigerant is
decompressed and expanded suitably by the capillary tube
211 even in such a condition as described just above.

Subsequently, a yet further automotive air conditioner
according to the present invention will be described with
reference to FIG. 67. The automotive air conditioner shown
in FIG. 67 employs a receiver 205 similarly to the automo-
tive air conditioner shown in FIG. 3. In the present auto-
motive air conditioner, however, the receiver 205 is disposed
between the exit side of the condenser 203b and the entrance
side of the subcooler 203¢ of the heaters 203.

Since the receiver 205 has a gas/liquid interface and only
delivers liquid refrigerant, liquid refrigerant is supplied with
certainty to the subcooler 203c. Consequently, the subcooler
203c¢ can provide a subcooling degree of refrigerant with
certainty.

As described hereinabove, when the air conditioner is
used as an automotive air conditioner, the variation in
amount of air admitted into the heaters 203 when the air
mixing damper 154 is opened and closed and the variation
in temperature of air when the evaporator 207 operates and
does not operate are great, but where the subcooler 203c is
disposed on the downstream of the receiver 205 as in the
present automotive air conditioner, a sufficient subcooling
degree can be obtained with certainty in any operation
condition.

Further, in the present automotive air conditioner, the
expansion valve 206 varies the throttling amount of the
refrigerant pipe so that a predetermined dryness may be
obtained for refrigerant on the sucking side of the compres-
sor 201.

In particular, since the temperature sensing tube for the
expansion valve 206 is disposed between the four-valve 214
and the compressor 201, to whichever position the four-way
valve 214 is changed over, a temperature of suction refrig-
erant returning to the compressor 201 can always be
detected.

It is to be noted that, in the automotive air conditioner
shown in FIG. 67, the auxiliary heater 700 is disposed on the
downstream side of the heaters 203 in a flow of air in order
to complement the heating capacity upon heating or upon
dehumidifying heating.

A yet further automotive air conditioner according to the
present invention will be described subsequently with ref-
erence to FIG. 68. The automotive air conditioner shown in
FIG. 68 solves a disadvantage when an evaporating pressure
regulating valve of the fully closed type is employed as the
evaporating pressure regulating valve 208.

When the evaporating pressure regulating valve 208 is of
the fully closed type, if cold air flows into the evaporator 207
as upon, for example, starting at a low temperature, the
temperature of refrigerant on the exit side of the evaporator
207 is lowered below a predetermined value and conse-
quently the evaporating pressure regulating valve 208 will
close the refrigerant pipe. If the refrigerant pipe is closed in
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this manner refrigerant will not return to the compressor
201, and consequently, such a disadvantage as seizure of the
compressor 201 may take place.

Therefore, in an operation condition wherein the evapo-
ration pressure regulating valve 208 closes the refrigerant
passage in this manner, the solenoid valve 231 is opened
temporarily so that refrigerant may flow to the downstream
side of the evaporating pressure regulating valve 208 by way
of the bypass passageway 230 bypassing the evaporating
pressure regulating valve 208. While, in this condition, the
evaporator 207 does not function temporarily, if air to be
sucked into the duct 100 is changed over to inside air and the
temperature of air passing the duct 100 rises, then also the
temperature of refrigerant in the evaporator 207 rises, and
consequently, the evaporating pressure regulating valve 208
will open the refrigerant passage. Accordingly, after then,
the bypass passageway 230 can be closed to flow refrigerant
to the evaporator 207 side.

Accordingly, in the present automotive air conditioner,
the bypass passageway 230 is only required to bypass the
evaporating pressure regulating valve 208 and need not
necessarily bypass the evaporator 207.

Further, if the evaporating pressure regulating valve 208
is of the type which can pass a predetermined amount of
refrigerant even when it assumes its minimum throttling
condition, the bypass passageway 230 need not necessarily
be provided.

Subsequently, a yet further automatic air conditioner
according to the present invention will be described with
reference to FIG. 69. The automotive air conditioner shown
in FIG. 69 can achieve defrosting of the outside heat
exchanger 202 during heating operation and during dehu-
midifying heating operation without considerable deteriora-
tion of the dehumidifying heating function. To this end, in
the automatic air conditioner shown in FIG. 69, the three-
way valves 275, 276 and 277 are changed over to change
over a sequence of a flow of refrigerant.

In particular, in any of heating operation and dehumidi-
fying heating operation in which defrosting is involved,
refrigerant in a high temperature, high pressure condition is
supplied from the compressor 201 into the heater 203, which
thus operates as a heat radiator. Further, refrigerant in a low
temperature, low pressure condition is supplied to both of
the evaporator 207 and the outside heat exchanger 202,
which both operate thus as heat sinks.

However, in heating operation and in dehumidifying
heating operation in which defrosting is involved, refriger-
ant flows in different orders through the evaporator 207 and
the outside heat exchanger 202. Upon dehumidifying heat-
ing operation, refrigerant condensed by the heater 203 flows,
after passing the expanding means 206, first into the evapo-
rator 207 and then into the outside heat exchanger 202.

This is intended, because it is normally forecast that the
temperature of outside air is low upon dehumidifying heat-
ing operation, to assure operation of the automotive air
conditioner even in such condition. In particular, when the
outside air temperature is, for example, lower than 0° C., the
evaporating temperature of refrigerant is lower than the
freezing point and lower than the outside air temperature so
that refrigerant may be evaporated in the outside heat
exchanger 202 in such outside air temperature condition.
Here, if the evaporator 207 is disposed on the downstream
side of the outside heat exchanger 202 in a flow of
refrigerant, then the evaporating temperature of refrigerant
in the evaporator 207 will be lower than the evaporating
temperature of refrigerant in the outside heat exchanger 202
and lower than the freezing point. Consequently, frosting
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takes place on the surface of the evaporator 207 and the
ventilation resistance in the duct 100 is increased. As a
result, good dehumidifying heating operation cannot be
achieved.

On the other hand, if the evaporator 207 is disposed on the
upstream side of the outside heat exchanger 202 in a flow of
refrigerant, then the evaporating temperature of refrigerant
in the evaporator 207 can be made higher than the evapo-
rating temperature of refrigerant in the outside heat
exchanger 202. Consequently, the refrigerant temperature of
refrigerant in the evaporator 207 can always be held to a
predetermined temperature of 2 to 3° C.

In this instance, frosting of the outside heat exchanger 202
seems to matter. However, since the disadvantage by frost-
ing is more serious with the evaporator 207 than with the
outside heat exchanger 202, the evaporator 207 is disposed
on the upstream side in a flow of refrigerant upon normal
dehumidifying heating operation.

Then, in case frosting of the outside heat exchanger 202
becomes particularly significant in such operation condition,
the flow of refrigerant is changed over so that refrigerant
having passed the heater 203 first flows into the outside heat
exchanger 202. Consequently, refrigerant in a high
temperature, high pressure condition is supplied into the
outside heat exchanger 202 to raise the temperature of the
surface of the outside heat exchanger 202. As a result, frost
appearing on the surface of the outside heat exchanger 202
is melted. In this operation condition, operation of the fan
251 for the outside heat exchanger 202 is stopped in order
to accelerate defrosting. Then, the refrigerant having passed
the outside heat exchanger 202 is decompressed and
expanded in the capillary tube 211 and then flows into the
evaporator 207. Further, as described hereinabove, prefer-
ably an inside air mode is entered to set the amount of a wind
of the inside blower to the Lo position.

FIGS. 70 to 73 show flows of refrigerant in the automatic
air conditioner shown in FIG. 69. In particular, FIG. 70
shows a heating operation condition and FIG. 71 shows a
cooling operation condition. Further, FIG. 72 shows a dehu-
midifying heating operation condition, and FIG. 73 shows a
condition wherein defrosting of the outside heat exchanger
202 is performed. In all of FIGS. 70 and 73, only a pipe in
which refrigerant flows is indicated with a thick line.

Subsequently, a yet further automotive air conditioner
according to the present invention will be described with
reference to FIG. 74. The refrigerating cycle shown in FIG.
74 is an accumulator cycle which additionally includes,
comparing with the cycle shown in FIG. 21, a passageway
297 bypassing the capillary tube 211 and a solenoid valve
294 for opening or closing the passageway 294.

Refrigerant flow passage changing over means changes
over flowing directions of refrigerant upon cooling
operation, upon heating operation, upon dehumidifying
operation, and upon defrosting operation during dehumidi-
fying operation (hereinafter referred to as defrosting
operation). Similarly as in the automotive air conditioner
described hereinabove, the refrigerant flow passage chang-
ing over means includes a four-way valve 213 for changing
over the discharging direction of the refrigerant compressor
201 between that upon cooling operation and that upon any
other operation, a first solenoid opening/closing valve 201
for bypassing, upon heating operation, the first decompress-
ing apparatus 211 and the evaporator 207 on the upstream
side, a second solenoid opening/closing valve 260 for
bypassing, upon dehumidifying operation, the second
decompressing apparatus 266, and a third solenoid opening/
closing valve 298 for bypassing, upon defrosting operation,
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the first decompressing apparatus 211. A pair of check valves
262 and 265 for controlling flowing directions of refrigerant
are also provided.

The flow passage changing over means changes over a
flow of refrigerant in the following manner upon cooling
operation, upon heating operation, upon dehumidifying
operation and upon defrosting operation.

Upon cooling operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of four-way
valve 213—outside heat exchanger 202—first decompress-
ing apparatus 211-sevaporator 207—accumulator
212—=refrigerant compressor 201 (refer to arrow marks C in
FIG. 74).

Upon heating operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of four-way
valve 213—heater 203—=second decompressing apparatus
266—outside heat exchanger 202—first solenoid opening/
closing valve 261—accumulator 212—srefrigerant compres-
sor 201 (refer to arrow marks H in FIG. 74).

Upon dehumidifying operation, refrigerant discharged
from the refrigerant compressor 201 flows In the order of
four-way valve 213—heater 203—second solenoid opening/
closing valve 260—outside heat exchanger 202 (the outside
blower 251 is inoperative then) —first decompressing appa-
ratus 211—sevaporator 207—accumulator 212—refrigerant
compressor 201 (refer to arrow marks D in FIG. 74).

Upon defrosting operation wherein defrosting of the
evaporator 207 is performed in a dehumidifying operation
condition, refrigerant discharged from the refrigerant com-
pressor 201 flows in the order of four-way valve
213—+heater 203—=second decompressing apparatus
266—outside heat exchanger 202 (the outside blower 251 is
operative then) —=third solenoid opening/closing valve
298—evaporator 207—accumulator 212—»refrigerant com-
pressor 201 (refer to arrow marks F in FIG. 74).

The controlling apparatus 300 includes a temperature
sensor for detecting a temperature of a fin or a tube of the
evaporator 207 or a temperature of air having passed the
evaporator 207. The temperature sensor is provided to detect
frost on the evaporator 207, and when the temperature of the
fin of the evaporator 207 detected by the temperature sensor
is lowered to 0° C. the controlling apparatus 300 forecasts
frosting and executes defrosting of the evaporator 207 in
order to prevent frosting.

Subsequently, defrosting operation during dehumidifying
operation of the automotive air conditioner shown in FIG. 74
will be described.

If the temperature detected by the temperature sensor
during dehumidifying operation becomes lower than 0° C.,
then the controlling apparatus 300 closes the second sole-
noid opening/closing valve 260, opens the third solenoid
opening/closing valve 298 and renders the outside blower
251 operative to effect defrosting operation. Then, if the
temperature detected by the temperature sensor rises higher
than 1° C., then the controlling apparatus 300 opens the
second solenoid opening/closing valve 260, closes the third
solenoid opening/closing valve 298 and renders the outside
blower 251 inoperative to return the operation to dehumidi-
fying operation.

If dehumidification is set by means of the air conditioning
mode setting switch 314 of the operation panel by the
passenger, then outside air or inside air selected by the
inside/outside air changing over means 131 is sucked into
the duct 100 by the blower 132, passes through the evapo-
rator 207, the heater 203 and the auxiliary heaters 700 and
701 and is blown out into the room of the automobile from
a spit hole set by the blowing mode changing over switch
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303. The amount of a wind then is set by means of the wind
amount setting switch 301.

In the refrigerating cycle upon dehumidifying operation,
refrigerant in a high temperature, high pressure condition
discharged from the refrigerant compressor 201 is intro-
duced into the heater 203 by means of the four-way valve
213. Here, the refrigerant exchanges heat with air flowing in
the duct 100 to heat the air in the duct 100 while it is
condensed and liquefied in the heater 203. The thus liquefied
refrigerant then flows into the outside heat exchanger 202 by
way of the second solenoid opening/closing valve 260. In
this instance, since the outside blower 251 is inoperative, the
liquefied refrigerant passes through the outside heat
exchanger 202 and is then decompressed and expanded into
low temperature, low pressure mist in the first decompress-
ing apparatus 211. The refrigerant in the form of mist flows
into the evaporator 207, in which it takes heat away from air
flowing in the duct 100 so that it is evaporated. Then, the
thus evaporated refrigerant is re-sucked into the refrigerant
compressor 210 by way of the accumulator 212.

Air sucked into the duct 100 is lowered in temperature
when it passes the evaporator 203, and consequently, satu-
rated vapor in the air is condensed and adheres to the
evaporator 207. After then, the air is heated when it passes
the heater 203, and consequently, the moisture in the air
decreases remarkably. As a result, good dehumidifying
operation is performed.

If the temperature of air sucked into the duct 100 during
dehumidifying operation becomes so low that the tempera-
ture of the evaporator 207 detected by the temperature
sensor is lower than 0° C., then the controlling apparatus 300
controls the flow passage changing over means to change
over the refrigerant flow passage of the refrigerating cycle to
that for dehumidifying operation. In short, the second sole-
noid opening/closing valve 260 is closed while the third
solenoid opening/closing valve 298 is opened.
Consequently, refrigerant condensed and liquefied in the
heater 203 is decompressed and expanded into low
temperature, low pressure mist in the first decompressing
apparatus 266, and then flows into the outside heat
exchanger 202. In this instance, since the outside blower 251
is operating, the outside heat exchanger 202 functions as a
refrigerant evaporator together with the evaporator 207. The
refrigerant admitted into the evaporator 207 by way of the
outside heat exchanger 202 and the third solenoid opening/
closing valve 298 exchanges heat with outside air passing
the outside heat exchanger 202 and also with air flowing in
the duct 100 and passing the evaporator 207 so that it is
evaporated. The thus evaporated refrigerant is then
re-sucked into the refrigerant compressor 201 by way of the
accumulator 212.

The evaporating pressure is raised by using the outside
heat exchanger 202 as a refrigerant evaporator together with
the evaporator 207. Consequently, while the evaporator 207
functions as a refrigerant evaporator, the temperature of the
evaporator 207 rises and as a result, frosting of the evapo-
rator 207 can be prevented.

Then, if the temperature of the fin of the evaporator 207
detected by the temperature sensor becomes higher than 1°
C., then the controlling apparatus 100 controls the flow
passage changing over means to open the second solenoid
opening/closing valve 253 and close the third solenoid
opening/closing valve 293 to change over the refrigerant
flow passage of the refrigerating cycle to that for dehumidi-
fying operation. Further, the outside blower 251 is rendered
inoperative, thereby performing dehumidifying operation
described hereinabove. In the automotive air conditioner
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shown in FIG. 74, since the evaporator 207 in the duct 100
always functions, upon dehumidifying operation, as a refrig-
erant evaporator such that dehumidifying operation is main-
tained even in defrosting operation as described
hereinabove, the temperature in the room of the automobile
can normally be kept low. Further, since defrosting can be
performed without lowering the capacity of the refrigerant
compressor 201, no drop in blown out air temperature is
invited upon defrosting operation.

FIG. 75 is a refrigerant circuit diagram of a yet further
automotive air conditioner according to the present inven-
tion. The present automotive air conditioner includes a
three-way valve 269 in place of the four-way valve 213 of
the automotive air conditioner shown in FIG. 74 and addi-
tionally includes a fourth solenoid opening/closing valve
268 for returning, upon cooling operation, refrigerant accu-
mulated in the heater 203 to the accumulator 212.

FIG. 76 is a refrigerant circuit diagram of a yet further
automotive air conditioner according to are present inven-
tion. The present automotive air conditioner includes two
fifth and sixth solenoid opening/closing valves 270 and 271
in place of the three-way valve 269 of the automotive air
conditioner shown in FIG. 75.

FIG. 77 is a refrigerant circuit diagram of a yet further
automotive air conditioner according to the present inven-
tion. The present automotive air conditioner includes a
three-way valve 272 in place of the fifth solenoid opening
valve 270 for changing over the discharging direction of the
refrigerant compressor 201 in the automotive air conditioner
shown in FIG. 76 and the fourth solenoid opening/closing
valve 268 for returning, upon cooling operation, refrigerant
accumulated in the heater 203 to the accumulator 212.

FIG. 78 is a refrigerant circuit diagram of a yet further
automotive air conditioner according to the present inven-
tion. The refrigerating cycle of the present automotive air
conditioner is changed over in the following manner in
accordance with various operation modes by flow passage
changing over means.

Upon cooling operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213—outside heat exchanger 202—seventh sole-
noid opening/closing valve 296—first decompressing appa-
ratus 211—sevaporator 207—accumulator 212—refrigerant
compressor 201 (refer to arrow marks C in FIG. 78).

Upon heating operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213—heater 203—second decompressing appa-
ratus 266—=seventh solenoid opening/closing valve
296—outside heat exchanger 202—four-way valve
213—saccumulator 212—srefrigerant compressor 201 (refer
to arrow marks H in FIG. 78).

Upon dehumidifying operation, refrigerant discharged
from the refrigerant compressor 201 flows in the order of the
four-way valve 213—heater 203—second decompressing
apparatus 266—cighth solenoid opening/closing valve
298—evaporator 207—accumulator 212—»refrigerant com-
pressor 201 (refer to arrow marks D in FIG. 78).

Upon defrosting operation, refrigerant discharged from
the refrigerant compressor 201 passes in the order of the
four-way valve 213—heater 203—second decompressing
apparatus 266. The refrigerant having passed the second
decompressing apparatus 266 As divided into two flows. In
one of the two flows, the refrigerant flows in the order of the
eighth solenoid opening/closing valve 298—sevaporator
207—accumulator 212—srefrigerant compressor 201.
Meanwhile, in the other flow, the refrigerant flows in the
order of the seventh solenoid opening/closing valve
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296—outside heat exchanger 202—four-way valve
213—accumulator 212—refrigerant compressor 201 (refer
to arrow marks F in FIG. 78).

FIG. 79 shows a refrigerant circuit diagram of a yet
further automotive air conditioner according to the present
invention. The refrigerating cycle of the present automotive
air conditioner is changed over in the following manner in
accordance with various operation modes by flow passage
changing over means.

Upon cooling operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213—ninth solenoid opening/closing valve
295—outside heat exchanger 202—tenth solenoid opening/
closing valve 291—first decompressing apparatus
211—evaporator 207—accumulator 212—»refrigerant com-
pressor 201

Upon heating operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213—heater 203—e¢leventh solenoid opening/
closing valve 292-ssecond decompressing apparatus
266—outside heat exchanger 202—ninth solenoid opening/
closing valve 293—four-way valve 213—saccumulator
212—>refrigerant compressor 201.

Upon dehumidifying operation, refrigerant discharged
from the refrigerant compressor 201 is divided into two
flows one of which flows to the four-way valve 213 and the
other of which flows to a twelfth solenoid opening/closing
valve 294. The refrigerant flowing to the four-way valve 213
flows in the order of the four-way valve 213—heater
203—tenth solenoid opening/closing valve 291—first
decompressing apparatus 211—evaporator 207—accumula-
tor 212—srefrigerant compressor 201. On the other hand, the
refrigerant flowing to the twelfth solenoid opening/closing
valve 294 flows in the order of the twelfth solenoid opening/
closing valve 294—outside heat exchanger 202—tenth sole-
noid opening/closing valve 291—first decompressing appa-
ratus 211—sevaporator 207—accumulator 212—refrigerant
compressor 212.

Upon defrosting operation, refrigerant discharged from
the refrigerant compressor 201 passes in the order of the
four-way valve 213—heater 203. The refrigerant having
passed the heater 203 is divided into two flows. In one of the
two flows, the refrigerant flows in the order of the tenth
solenoid opening/closing valve 291—first decompressing
apparatus 211—sevaporator 207—accumulator 212—»refrig-
erant compressor 201. Meanwhile, in the other flow, the
refrigerant flows in the order of the eleventh solenoid
opening/closing valve 292—second decompressing appara-
tus 266—outside heat exchanger 202—ninth solenoid
opening/closing valve 293—four-way valve 213—accumu-
lator 212—refrigerant compressor 201.

FIG. 80 is a refrigerant circuit diagram of a yet further
automotive air conditioner according to the present inven-
tion. The present automotive air conditioner adopts the
construction wherein refrigerant always flows in the evapo-
rator 207. Thus, a bypass wind passageway for flowing air
bypassing the evaporator 207 is provided in the duct 100,
and upon heating operation, the evaporator 207 is closed by
the damper 159 on the upstream side so that refrigerant may
not exchange neat with air in the duct 100.

The refrigerating cycle of the present automotive air
conditioner is changed over in the following manner in
accordance with various operation modes by flow passage
changing over means.

Upon cooling operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213—outside heat exchanger 202—first decom-
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pressing apparatus 211-—sevaporator 207—accumulator
212—>refrigerant compressor 201.

Upon heating operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213—heater 203—second decompressing appa-
ratus 266—outside heat exchanger 202—solenoid opening/
closing valve 298-—sevaporator 207—accumulator
212—>refrigerant compressor 201.

Upon dehumidifying operation, refrigerant discharged
from the refrigerant compressor 201 flows in the order of the
four-way valve 213—heater 203—solenoid opening/closing
valve 260—outside heat exchanger 201—first decompress-
ing apparatus 211-sevaporator 207—accumulator
212—>refrigerant compressor 201.

Upon defrosting operation, refrigerant discharged from
the refrigerant compressor 201 flows in the order of the
four-way valve 213—heater 203—second decompressing
apparatus 266—outside heat exchanger 202—solenoid
opening/closing valve 298—evaporator 207—accumulator
212—>refrigerant compressor 201.

FIG. 81 is a refrigerant circuit diagram of a yet further
automotive air conditioner according to the present inven-
tion. The present automotive air conditioner adopts the
construction wherein refrigerant always flows in the evapo-
rator 207. Thus, a bypass wind passageway for flowing air
bypassing the heater 203 is provided in the duct 100, and
upon cooling operation, the heater 203 is closed by the
damper 154 on the downstream side so that refrigerant and
air in the duct 100 may not exchange heat in the heater 203.

The refrigerating cycle of the present automotive air
conditioner is changed over in the following manner in
accordance with various operation modes by flow passage
changing over means.

Upon cooling operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the heater
203—>solenoid opening/closing valve 260—outside heat
exchanger 202—first decompressing apparatus 211—evapo-
rator 207—accumulator 212—refrigerant compressor 201.

Upon heating operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the heater
203—second decompressing apparatus 266—outside heat
exchanger 202—solenoid opening/closing valve 261—accu-
mulator 212—refrigerant compressor 201.

Upon dehumidifying operation, refrigerant discharged
from the refrigerant compressor 201 flows in the order of the
heater 203—solenoid opening/closing valve 260—outside
heat exchanger 202—first decompressing apparatus
211—evaporator 207—accumulator 212—»refrigerant com-
pressor 201.

Upon defrosting operation, refrigerant discharged from
the refrigerant compressor 201 flows in the order of the
heater 203—second decompressing apparatus 266—outside
heat exchanger 202—>solenoid opening/closing valve
298—evaporator 207—accumulator 212—»refrigerant com-
pressor 201.

A yet further automotive air conditioner according to the
present invention can be attained by a circuit similar to the
refrigerating circuit shown in FIG. 40. The present automo-
tive air conditioner will thus be described with reference to
FIG. 40. The present automotive air conditioner adopts the
construction wherein refrigerant always flows in the evapo-
rator 207 and the heater 203. Thus, a bypass wind passage-
way for flowing air bypassing the evaporator 207 and
another bypass wind passageway for flowing air bypassing
the heater 203 are provided in the duct 100, and upon heating
operation, the evaporator 207 is closed by the damper 159 on
the upstream side, but upon cooling operation, the heater
203 is closed by the damper 154 on the downstream side.
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The refrigerating cycle of the present automotive air
conditioner is changed over in the following manner in
accordance with various operation modes by flow passage
changing over means.

Upon cooling operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the heater
203—solenoid opening/closing valve 260—outside heat
exchanger 202—first decompressing apparatus 211—sevapo-
rator 207—accumulator 212—refrigerant compressor 201.

Upon heating operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the heater
203—second decompressing apparatus 266—outside heat
exchanger 202-—solenoid opening/closing valve
261—>evaporator 207—accumulator 212—»refrigerant com-
pressor 201.

Upon dehumidifying operation, refrigerant discharged
from the refrigerant compressor 201 flows in the order of the
heater 203—solenoid opening/closing valve 260—outside
heat exchanger 202—first decompressing apparatus
211—evaporator 207—accumulator 212—»refrigerant com-
pressor 201.

Upon defrosting operation, refrigerant discharged from
the refrigerant compressor 201 flows in the order of the
heater 203—second decompressing apparatus 266—outside
heat exchanger 202—>solenoid opening/closing valve
261—>evaporator 207—accumulator 212—»refrigerant com-
pressor 201.

A yet further automotive air conditioner according to the
present invention can be attained by a circuit similar to the
refrigerating circuit shown in FIG. 7. The present automo-
tive air conditioner will thus be described with reference to
FIG. 7. The present automotive air conditioner adopts the
construction wherein refrigerant always flows in the evapo-
rator 207 and the heater 203. Thus, a bypass wind passage-
way for flowing air bypassing the heater 203 is provided in
the duct 100, and the opening of the damper 154 on the
downstream side is varied to adjust the mount of air to pass
the heater 203 and the amount of air to pass the bypass
passageway to adjust the blown out air temperature.

The refrigerating cycle of the present automotive air
conditioner is changed over in the following manner by flow
passage changing over means which employs two four-way
valves 213 and 214.

Upon cooling operation and upon defrosting operation,
refrigerant discharged from the refrigerant compressor 201
flows in the order of the four-way valve 213—outside heat
exchanger 202—four-way valve 214—heater 203—first
decompressing apparatus 211—=evaporator 207—four-way
valve 213—accumulator 212—refrigerant compressor 201.

Upon heating operation and upon defrosting operation,
refrigerant discharged from the refrigerant compressor 201
flows in the order of the four-way valve 213—four-way
valve 214—heater 203—first decompressing apparatus
211—evaporator 207—four-way valve 214—outside heat
exchanger 203—four-way valve 213-—saccumulator
212—>refrigerant compressor 201.

Further, dehumidifying operation and defrosting opera-
tion can be achieved even with such a construction as shown
in FIG. 11 wherein a bypass wind passageway is formed
sidewardly of the evaporator 207.

Further, dehumidifying operation and defrosting opera-
tion can be achieved similarly even with a construction
wherein the four-way valve 214 is replaced by four check
valves 216, 217, 218 and 219 as shown in FIG. 13.

Further, while a temperature sensor is employed as a
sensor for detecting frost on the evaporator in the automo-
tive air conditioners described hereinabove, not a tempera-
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ture but a pressure of refrigerant in the pipe on the exit side
of the evaporator may alternatively be detected to forecast
frosting from an evaporating temperature of refrigerant. Or
else, a sensor for detecting a loss in pressure of the evapo-
rator may be used to detect frosting from a variation in loss
in pressure of a wing passing the evaporator.

FIGS. 82 to 85 show refrigerating cycles of a yet further
automotive air conditioner according to the present inven-
tion. In particular, FIGS. 82 to 85 illustrate cooling, heating,
dehumidifying heating and defrosting conditions,
respectively, and indicate a pipe in which refrigerant flows
by a thick line. The expansion pipe 206 employed here is a
temperature differential expansion valve which varies the
throttling amount of the refrigerant flow passage so that
refrigerant on the exit side of the heater 203 adjacent the
condenser may have a predetermined subcooling degree.

Upon cooling operation, refrigerant discharged from the
refrigerant compressor 201 flows in the order of the four-
way valve 213—outside heat exchanger 202—expanding
means 260—evaporator 207—accumulator 212—srefriger-
ant compressor 201.

Upon heating operation, refrigerant flows in the order of
the compressor 201—=four-way valve 213—heater
203—cxpansion valve 206—outside heat exchanger
202—accumulator 212—srefrigerant compressor 201.

When there is the possibility upon heating that the wind-
shield may be fogged, dehumidifying heating operation is
performed, and in this instance, refrigerant flows in the order
of the compressor 201—heater 203—expansion valve
206—outside heat exchanger 202—solenoid opening/
closing valve 266-—cvaporator 207—accumulator
212—>refrigerant compressor 201.

In case the surface of the outside neat exchanger 202 is
frozen upon heating, the condition of the outside heat
exchanger 202 is detected and defrosting operation is
started. Upon defrosting operation, refrigerant circulates in
the refrigerant cycle in the order of the refrigerant compres-
sor 201—heater 203—solenoid valve 298—outside heat
exchanger 202—expanding capillary tube 260—evaporator
207—>accumulator 212—>compressor 201.

The difference of the refrigerating cycles from those of the
automotive air conditioner shown in FIG. 63 is that, while
refrigerant flows, upon defrosting operation, in the order of
the outside heat exchanger 202—heater 203 in the automo-
tive air conditioner shown in FIG. 63, refrigerant flows in the
reverse order of the heater 203—outside heat exchanger 202
in the present automotive air conditioner. When discharged
refrigerant flows, upon defrosting operation, first into the
heater 203 as in the present automotive air conditioner, a
predetermined subcooling degree can always be obtained at
the heater 203.

This will be described subsequently. Since, in the auto-
motive air conditioner shown in FIG. 63, refrigerant is
condensed first in the outside heat exchanger 202, when the
temperature of outside air is low at 0° C. or so, it is forecast
that refrigerant after passing the outside heat exchanger 202
may be cooled to 10° C. or so and condensed. Here, if it is
assumed that the refrigerant has a subcooling degree of 2 to
3° C. or so when it passes the outside heat exchanger 202,
the temperature corresponding to a condensing pressure of
the refrigerant when it passes the outside heat exchanger 202
is 12 to 13° C. or so. On the other hand, for a while after the
operation is changed over from heating operation to defrost-
ing operation, air is not cooled sufficiently in the evaporator
207 and comparatively warm air of a temperature equal to
the room temperature or so will flow into the heater 203. The
air temperature is in most cases 12 to 13° C. or more and
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may sometimes be higher than a temperature corresponding
to the condensing pressure described above. In this instance,
refrigerant condensed once in the outside heat exchanger
202 will be evaporated again when it passes the heater 203.
The refrigerant does not have a subcooling degree at least
when it passes the condenser portion of the heater 203. As
a result, the expansion valve 206 of the temperature differ-
ential type will throttle the flow rate of refrigerant so as to
obtain a subcooling degree, and consequently, the amount of
refrigerant which circulates in the cycle will be reduced
remarkably.

On the other hand, in the automotive air conditioner
shown in FIG. 85, since refrigerant discharged from the
compressor 201 flows, even upon defrosting operation,
similarly as upon heating operation, first into the heater 203,
such a disadvantage as described above does not occur even
upon changing over from heating operation to defrosting
operation. In the present automotive air conditioner, refrig-
erant having passed the heater 203 after defrosting is low-
ered in temperature, and while the temperature of refrigerant
in the outside heat exchanger 202 is low comparing with that
of refrigerant which advances from the compressor 201
directly to the outside heat exchanger 202, since refrigerant
of a temperature higher than 0° C. flows any way into the
outside heat exchanger 202, defrosting operation is achieved
well.

It is to be noted that, while, in the automotive air condi-
tioners described above, the compressor 201 is driven by
means of an electric motor and the discharging capacity of
the compressor 201 is controlled by varying the speed of
rotation of the motor, the compressor 2C may otherwise be
of another type which does not nave a variable discharging
capacity. Further, the compressor 201 need not necessarily
be driven by an electric motor but may be driven by an
engine or the like.

Further, while, in the automotive air conditioners
described above, a temperature differential expansion valve
or a capillary tube is employed as expanding means, alter-
natively an electric expansion valve which varies a throttling
amount in response to an electric signal may be employed.

Further, an automotive air conditioner according to the
present invention may be used not only for air conditioning
of a room of an electric automobile but also for air condi-
tioning of a room of an ordinary automobile employing an
internal combustion engine and any other common vehicle.
However, an automotive air conditioner according to the
present invention is most effective for use with a vehicle
which does not have an auxiliary heat source such as an
electric automobile.

As described so far, according to the present invention,
since a heater and an evaporator which constitute a refrig-
erating cycle is disposed in a duct and air is heated by
radiation of heat from the heater, the temperature of air to be
blown out can be controlled in a wider range.

Further, according to the present invention, since heat
exchangers disposed in a duct have individually specified
functions as a heater and an evaporator, even upon changing
over from cooling operation to heating operation, the heat
exchangers can maintain the respective functions thereof,
and sudden fogging of the windshield and so forth can be
prevented.

Further, according to the present invention, since the
discharging capacity of a compressor can be varied by
controlling rotation of an electric motor and a bypass
passageway is provided sidewardly of a heater such that the
flow rate of air may be controlled by means of an air mixing
damper, the temperature of air to be blown out can be
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controlled very finely by combination of control of the
discharging amount of the compressor and control of pivotal
motion of the air mixing damper.

Further, according to the present invention, since the
function of an outside heat exchanger is changed over
between a condenser function and an evaporator function in
response to changing over between cooling operation and
heating operation, the refrigerating cycle can be operated
efficiently in any of cooling operation, heating operation and
dehumidifying operation.

Further, according to the present invention, since two
outside heat exchangers are used including an outside con-
denser which serves only as a condenser and an outside
evaporator which serves only as an evaporator, the outside
condenser and the outside evaporator can be located at
respective optimum positions, and the refrigerating cycle
can be achieved efficiently.

Further, according to the present invention, since the
operation can be changed over successively between dehu-
midifying operation and heating operation in accordance
with an application, prevention of fogging of the windshield
upon heating operation, prevention of freezing of an evapo-
rator upon dehumidifying operation and defrosting of an
outside heat exchanger upon heating operation can be per-
formed well.

Further, according to the present invention, making use of
the fact that three heat exchangers are used upon dehumidi-
fying operation including an outside heat exchanger, a
condenser and an evaporator, the heat radiating capacity of
the condenser can be controlled by varying the heat
exchanging capacity of the outside heat exchanger.
Consequently, dehumidification can be changed over
between ordinary dehumidification and dehumidification
having some heating effect. In addition, protection of the
refrigerating cycle against a high pressure upon dehumidi-
fying operation can be achieved well.

Further, according to the present invention, while both of
an evaporator and an outside heat exchanger are used as heat
sinks to evaporate refrigerant upon dehumidifying
operation, since an evaporating pressure regulating valve is
disposed on the downstream side of the evaporator, even
when the temperature of outside air is low, dehumidifying
operation can be performed while preventing frosting of the
evaporator well.

Further, according to the present invention, since a bypass
passageway for flowing refrigerant bypassing an evaporator
is provided and opening/closing movement of the bypass
passageway is controlled by means of a solenoid valve, the
evaporating temperature of refrigerant in the evaporator can
be controlled by suitably changing over between a condition
wherein refrigerant flows into the evaporator and another
condition wherein refrigerant flows into the bypass passage-
way.

Further, according to the present invention, since a heater
disposed in a duct is divided into a condenser for condensing
refrigerant and a subcooler for subcooling condensed liquid
refrigerant, refrigerant can have a subcooling degree with
certainty even if the flow rate or the temperature of air to be
admitted into the heater varies. Consequently, according to
the present invention, the refrigerating cycle can always be
operated while refrigerant has a sufficient subcooling
degree, and efficient operation can be achieved.

Further, according to the present invention, since the heat
absorbing condition upon heating operation is changed over
between a condition wherein heat is absorbed only by means
of an outside heat exchanger and another condition wherein
heat is absorbed by means of both of the outside heat
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exchanger and an evaporator, when the heating load is
particularly high such as upon warming up, heat is absorbed
also from the evaporator side and heating can be achieved
quickly.

We claim:

1. An automotive air conditioner, comprising:

a duct defining a passageway for conditioned air to a room
of an automobile;

a blower for blowing air toward the room of the automo-
bile by way of said duct;

an evaporator disposed in said duct for evaporating refrig-
erant to cool air;

a heater disposed on the downstream side of said evapo-
rator in said duct for causing refrigerant of a high
temperature and air to exchange heat with each other to
heat the air;

a compressor for compressing and discharging refriger-
ant;

an outside heat exchanger disposed outside said duct for
causing air outside said duct and refrigerant to
exchange heat with each other;

an accumulator disposed at an upstream refrigerant side of
said compressor, for accumulating liquefied refrigerant
therein and for leading gaseous refrigerant into said
compressor; and

expanding means for decompressing and expanding
refrigerant, said expanding means including an electric
expansion valve which varies the throttling amount of
a flow of refrigerant in response to an electric signal so
that a sub-cool amount of refrigerant passing through
said expanding means is varied in accordance with an
air-conditioning load of the automotive air conditioner.

2. The automotive air conditioner according to claim 1,
wherein said expanding means is disposed between said
outside heat exchanger and said heater.

3. The automotive air conditioner according to claim 2,
wherein said electric expansion valve controls the throttle
amount of refrigerant so that the temperature of refrigerant
at a refrigerant outlet of said heater has a predetermined
super-cooling degree.

4. The automotive air conditioner according to claim 1,
wherein said expanding means is disposed between said
outside heat exchanger and said evaporator.

5. The automotive air conditioner according to claim 4,
wherein said electric expansion valve controls the throttle
amount of refrigerant so that the temperature of refrigerant
at a refrigerant outlet of said outside heat exchanger has a
predetermined super-cooling degree.

6. The automotive air conditioner according to claim 1,
wherein said electric expansion valve controls the throttle
amount of refrigerant so that the temperature of refrigerant
at an outlet of a condenser has a predetermined super-
cooling degree.

7. An automotive air conditioner, comprising:

a duct for introducing conditioned air into a room of an

automobile;

a blower for blasting air into said duct;

an evaporator disposed in said duct for evaporating refrig-
erant to cool air;

a heater disposed on the downstream side of said evapo-
rator in a flow of air in said duct for causing refrigerant
of a high temperature and air to exchange heat with
each other to heat the air;

a bypass passageway disposed on the downstream of said
evaporator in said duct for flowing therethrough air
bypassing said heater;
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an air mixing damper disposed in said duct for controlling
the ratio of a flow rate of air to be admitted into said
heater to a flow rate of air to flow through said bypass
passageway;
a compressor driven by an electric motor for compressing
and discharging refrigerant;
an outside heat exchanger disposed for connection
between said compressor and said heater for causing air
outside said duct and refrigerant to exchange heat with
each other;
expanding means disposed between said heater and said
evaporator for decompressing and expanding refriger-
ant;
a controller for controlling the speed of rotation of said
compressor and pivotal motion of said air mixing
damper; and
at least one of:
an outside air temperature sensor for detecting a tem-
perature of air outside the room of the automobile;

an inside air temperature sensor for detecting a tem-
perature of air inside the room of the automobile;

a solar radiation sensor for detecting an amount of solar
radiation coming into the room;

a blown out air temperature sensor for detecting a
temperature of air blown out from said duct;

a heater temperature sensor for detecting a signal
regarding a temperature of said heater;

an evaporator temperature sensor for detecting a signal
regarding a temperature of said evaporator; and

a pressure sensor for detecting a signal regarding a
pressure of refrigerant discharged from said com-
pressor;

said controller controlling in response to a signal or
signals from the sensor or sensors, the speed of rotation
of said compressor and a circuit of said air mixing
damper.

8. An automotive air conditioner, comprising:

a duct defining a passageway for conditioned air to a room
of an automobile;

a blower for blasting air towards the room of the auto-
mobile by way of said duct;

an evaporator disposed in said duct for evaporating refrig-
erant to cool air;

a heater disposed on the downstream side of said evapo-
rator in said duct for causing refrigerant of a high
temperature and air to exchange heat with each other to
heat the air;

a bypass passageway disposed on the downstream side of
said evaporator for flowing therethrough air bypassing
said heater;

an air mixing damper for controlling a ratio of a flow rate
of air to be admitted into said heater to a flow rate of
air to flow through said bypass passageway;

a compressor for compressing and discharging refriger-
ant;

an outside heat exchanger for causing air outside said duct
and refrigerant to exchange heat with each other;

decompressing means for decompressing and expanding
refrigerant;

an evaporator for causing air and refrigerant of a low
temperature to exchange heat to evaporate the refrig-
erant and cool the air, wherein
in a heating operation, refrigerant flows in the order of

compressor, heater, decompressing means, and out-
side heat exchanger;
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in a cooling operation, refrigerant flows in the order of
compressor, heater, outside heat exchanger, decom-
pressing means, and evaporator; and
in a dehumidifying operation, refrigerant flows in the
order of one of:
a) compressor, heater, decompressing means, outside
heat exchanger, and evaporator,
b) compressor, heater, outside heat exchanger
decompressing means, and evaporator, and
¢) compressor, heater, decompressing means, outside
heat exchanger, decompressing means, and evapo-
rator.
9. An automotive air conditioner, comprising:

a duct defining an air passageway;

a blower for blasting air into a room of an automobile by
way of said duct;

an evaporator disposed in said duct for evaporating refrig-
erant to cool air;

an evaporator bypass passageway formed sidewardly of
said evaporator in said duct for flowing therethrough air
bypassing said evaporator;

an evaporator damper disposed in said duct for controlling
the ratio of a flow rate of air to flow through said
evaporator bypass passageway to a flow rate of air to
flow through said evaporator;

a heater disposed in said duct for causing refrigerant of a
high temperature and air to exchange heat with each
other to heat the air;

a heater bypass passageway formed sidewardly of said
heater in said duct for flowing therethrough air bypass-
ing said heater;

an air mixing damper disposed in said duct for controlling
the ratio of a flow rate of air to pass through said heater
bypass passageway to a flow rate of air to flow through
said heater;

an outside heat exchanger for causing air outside said duct
and refrigerant to exchange heat with each other;

a compressor for compressing and discharging refriger-
ant; and
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changing over means for changing over a flow of refrig-
erant flowing through said outside heat exchanger
between the flow of refrigerant which flows to said
heater and the flow of refrigerant which flows through
said evaporator back to said compressor.

10. An automotive air conditioner according to claim 9,
wherein said compressor includes discharging capacity
varying means, and further comprising a controller for
controlling the discharging capacity of said compressor,
changing over of said changing over means, pivotal motion
of said evaporator damper and pivotal motion of said air
mixing damper.

11. An automotive air conditioner comprising:

a duct defining a passageway for conditioned air to a room

of an automobile;

a condenser disposed in said duct for condensing refrig-
erant to heat air;

a receiver for accumulating once therein refrigerant hav-
ing passed said condenser and for delivering only liquid
refrigerant therefrom;

a subcooler disposed in said duct for causing air and
refrigerant of a high temperature delivered from said
receiver to exchange heat with each other to heat the
air;

expanding means for decompressing and expanding
refrigerant delivered from said subcooler;

an evaporator disposed in said duct for evaporating refrig-
erant of a low pressure delivered from said expanding
means to cool air;

an outside heat exchanger disposed outside said duct for
causing air outside said duct and refrigerant to
exchange heat with each other; and

a compressor for sucking, compressing and discharging
refrigerant.

12. An automotive air conditioner according to claim 11,
wherein said expanding means varies the throttling amount
of a refrigerant passage such that refrigerant on the sucking
side of said compressor has a predetermined dryness.
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