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(57) ABSTRACT

In a refri erant cycle system for a vchiclc air conditioner,
&vhen a continuous operation time of a compressor elapses a
predetermined time after the compressor operates, operation
of. the compresa&r is fore&bly interrupted so that a refngerant
pressure at a suction side of. the compressor is changed.
Thus, even when thc compressor operates continuously in a
long time when only a front evaporator opcratcs among front
and rear evaporators, the refrigerant pressure at a low-
pressure side is forcibly changed so that a rear thermal
expansion valve of the rear evaporator is forcibly openetl. As
a resuh, lubncation oil stay&ng &n Ihe rear evaporator and a
low-prcssure pipe is intro(luce(1 into the suction side of thc
compressor by a rcfri crant flow duc to a valve opening of
the rear thermal expansion valve of the rear evaporator.
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REFRIGERANT CYCLE SYSTEM FOR
VEHICLE AIR CONDITIONER

CROSS-REFERENCE TO RELATED
APPLICATION

This application is rclatcd to and claims priority from
Jap ancsc Patent Application No. Hci. 11-89786 filed on Mar.
30, 1999, thc contents of which arc hereby incorporated by
reference

)u

BACKGROUND OF THE INVENTION

I I ield of the Invention

Thc prcscnt invention relates to a refrigerant cycle system
having first and second evaporators disposed parallel to each is
other. The refngeranl cycle system is suitable for a veh&cle
air contfilioner having a front mr-cond&honing unit for
controlling air blown toward a front seal side of a veh&cle,
and a rear air-conditioning unit for controlling air blown
toward a rear seat side of the vehicle o

2. Dcscnption of Rclatcd Art
In recent years, a request of a large-type vehicle such as

a minivan is increased This type vehicle is necessary to have
an air conditioner having a large capacity, such as a dual air
conditioner. In a rcfrigcrant cycle of thc dual air conditioner,
both front and rear cvaporators arc disposed, while a single
compressor anrf a single conrfenser are used.

In a vehicle dual air conditioner described in JP-A-9-
109I&SC), &vhen the air conditioner operates only for a front

lo
scat side of thc vehicle, an electromagnetic valve for switch-

'

ing a rcfngcrant fiow toward a rear evaporator is forcibly
opened for a short hme at predetermined intervals, so that
refngeranl stay&ng &n Ihe rear evaporator &s returned into a
compressor. However, &n a vehicle where an electromagnehc
valve for the rear evaporator is not provided for reducing
cost of the air conditioner, when a rear air-conditioning unit
&s stopped, a lubrication oil staying in thc rear evaporator
docs not return to thr compressor, and an oil aniount
returning to thc compressor becomes insufhcient. As a
result, durabil&ty of. Ihe compressor &s deteriorated.

SUMMARY Ol'11IL'NVI.'N 11ON

In view ot'he foregoing problems, it is an object of the
present mvention to provide a refrigerant cycle system
having a first evaporator and a second evaporator, &vhich

prcvcnts an oil amount returning to a compressor from bring
insuflicient without using an electromagnet&c valve for Ihe
seconif evaporator, when only Ihe lirsl evaporator operates.

As a result of expenments and stud&es by the inventor of. so
the present mvention, in a refrigerant cycle system having
first and second evaporators, when a compressor operates in
a long time when only thc first evaporator operates and the
second evaporator docs not have an cicctronia netic valve,
a thermal expansion valve of thc second evaporator repeats ss
minute opening/closing operahons, aml an oil amount
returning to the compressor becomes insuificienl.

Thus, according lo the present invention, a refrigerant
cycle system including a compressor for compressing and
discharging refrigerant, a condenser for cooling and con-
densing gas refrigerant discharged from the compressor, a
first prcssure-reducing unit for decompressing and expand-
ing ltquxf refrigerant from Ihe condenser, a lirst evaporator
for evaporating refrigerant from Ihe lirsl pressure-reducing
un&t, a first blower for blowing air tower&i ihe first as
evaporator, a second pressure-reducing unit for decompress-
ing and expanding liquid retrigerant trom the coi&dei&ser, a

second evaporator R)r evaporahng refngerant from Ihe sec-
ond pressure-reducing unit, anil a second blower for blowing
air toward thc second evaporator. Thc seconil prcssure-
rcilucin unit is disposed parallel to the first prcssurc-
reducing unit relative to a refrigerant tlow direction, anil the
second evaporator is disposed parallel to the first evaporator
relahve lo the refn erant liow direction. In the refrigerant
cycle syslem, a control uniL conlroks operation of Ihe com-
pressor to change a rcfrigcrant pressure at a suction side of
the compressor &vhcn a continuous operation time of thc
compressor passes a predetermined time after the compres-
sor operates, and the second pressure-reducin unit is a
thermal expansion valve which adjusts a super-heahn ~

de ree ol: refrigerant al an outlet of the second evaporator by
adjustin a valve opening rlcgrce. Thus, cvcn when the
compressor continuously opcratcs in a long time ivhcn only
the hrst evaporator operates, the refrigerant pressure the
suction side (lo&v-pressure side) is forcibly changed
Therefore, il &s possible lo forcibly open the thermal expan-
s&on valve of Ihe second evaporator. As a result, lubncahon
oil stayin in thc seconil evaporator, a low-prcssure pipe anil
the like is rcturncd to thc suction side of thc compressor with
a refrigerant tlo&v due to the forcibly opening of the thermal
expansion valve Accordingly, the refngerant cycle system
prevents an o&1 amouni returning lo a compressor from bein ~

insufhcient without using an electromagnetic valve for lhe
second evaporator, when only thc first evaporator operates

Preferably, the control unit forcibly interrupts the opera-
tion of the compressor by pretletermined number of plural
&nterruplions dunn ~ a forcible mterruphon control of Lhe

compressor, vvhcn thc continuous operation time of thc
compressor passes thc predetermined time after thc com-
pressor operates Therefore, a forcibly variation of the
refrigerant pressure at the lo&v-pressure side is actually
performed.

Prcfcrably, thc control unit controls an interruption opera-
tion of the compressor in accordance with an air temperature
bio&vn from the first evaporator 'I'herefore, it prevents the
lirsL evaporator from frosting.

I'urther, &vhen the refrigerant cycle system is appl&ed to a
vehicle air conditioner having a front a&r-cond&tioning unit
and a rear air-condiiiomng unit, an oil amount returning to
Ihe compressor is prevented from being &nsulhcienl when
only thc front air-conditioning unit opcratcs.

IIRILI')LSC'RIR11ON Ol'11IL'RAWINGS
Add&tional objects anil advantages of. the present inven-

lion w&11 be more readily apparent from Ihe lollowin ~

deimled descnphon of a preferred embmliment when taken
together &vith the accompanying drawings, in which:

FIG. J is a schematic view of an entire system of a vehicle
air conditioner acn&rdmg lo a preferred embodiment of lhe
present invention;

FIG. Z &s a block diagram of an electronic control unit
(ECUj according to the embodiment,

FIG. 3 is a fiow dui gram showing a control program of lhe
ECU secor&ling to the embodiment;

FIG. 4 is a graph showing a relationship bctwccn air
temperature Te blown from a front evaporator and onroif
operahon of an electromagnetic clutch accorilin ~ to the
embodiment; and

FIG. 5 &s a graph show&ng operation of a refrigerant cycle
svslem when the electromagnehc clutch &s forcibly
controlled, according to the embodiment.

DETAILED DESCRIPTION OF THE
PRLSL)NTI.Y PREI'L'RRLI) L'MIIOI)I MENT

A preferred embodiment of the present invention will be
described hereinafter with reference to the accompanying
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drawings. In the embodiment, the present invention ts typi-
cally applied to an air cnnditioner fnr a minivan type vehicle
As shown in I'IG. I, a vehicle 10 having a passenger
compartment 11 is provided with a front seat including a
driver's scat and a front-passen er*s seat, and a rear seat
including thc second and thc third seats from thc front scat.
That is, a longer space is formeci in the passenger compari-
ment ll in a vehicle front-rear direction. A floor surface Ilu
is prnvided in the passenger cnmpartment 11

The air conditioner includes a front air-conditioning unit
12 for adjusting an air state blown tnivard a front seat side
of thc passcngcr compartment 11, and a rear air-conditioning
unit 25 for adjusting an air state l&lown toward a rear scat
side of thc passenger compartnient 11. Thc front air-
comhtiomng umt 12 is clisposed within an instrument panel
(not shown) provideci at a front most rude within ihe pas-
senger compartment 11. I'he front air-conditioning unit 12
includes a case 13 for defining an air passage, and a blower
14 chsposccl at an upstream air side of thc case 13. Inside air
or outside air from an insidcioutside air switching box (not ao

shown) cs blown into thc air passage of thc case 13 by thc
blower 14

A front evaporator 15 (main evaporator) ol. a refrigerant
cycle R for cooling air passing therethrough is disposeci in
the case 13 at a downstreain air side nf the blower 14 'I'he

refngerant cycle system R includes a compressor 16 driven
by a vehicle cntpnc through an electromagnetic clutch 16u.
Rcfrigcrant is comprcsscd by thc conipressor 16 to become
high-pressure high-temperature gas refrigerant. Gas refrig-
erant dischargeci from the compressor 16 is introciuced into
a comlenser 17. In the conclenser 17, gas reliugerant is
heat-exchanged with outside air blown by a cooling fan (not
shown), and is cooled and condensed.

Rcfri crant having passed through the condenser 17 is
introcluccd into a rcccivcr 18, is scparatcd into gas rcfrig-
crant and liquid rcfrigcrant, and only liquid refrigerant is
storecl within the receiver 18. Liquid refngerant from the
receiver 18 is decompressed in a Iront thermal expansion
valve 19, and the decnmpressed loiv-pressure refrigerant
flows mto the evaporator 15. Refrigerant tloiving through ao

the front evaporator 15 is evaporated by absorbing heat from
air, so that air passing through the evaporator 15 is cooled.

A valve opening dcgrce of thc thermal expansion valve 19
is automatically controlled so that a super-heaung degree of „
relngerant at an outlet of the evaporator 15 ts maintained at
a predetermined value. Therefore, the thermal expansion
valve 19 includes a temperature-sensing portion for sensing
a refrigerant temperature at the outlet ot'he evaporator 15,
a hrst prcssure chamber where prcssure correspondin to a „60
rcfn crant tcmpcraturc sensed by thc tcmpcrature-sensing
poruon is applied, a seconci pressure chamber where a
refngerant pressure of. the evaporator 15 is appliecl, aml a

diaphragm partitioning the lirst aml second pressure cham-
bers In the thermal expansion valve 19, the diaphragtn and
a valve body are displaced in accordance with a pressure
diflcrcncc bctwcen the first and second pressure chambers
and a spring prcssure, so that a rcfri erant floiv amount is
adlustcd.

Gas refrigerant after passing through the evaporator 15 is
suckeci into again the compressor 16 to be compressed.

Among the relngerant cycle R, components such as the.

compressor 16, the condenser 17 and the receiver 18 are
mounted in an engme compartment 20 at a front side from
thc passenger compartment 11. 66

A temperature sensor 21 is disposed at an air nutlet
portion nf the evaporator 15 within the air conditioning case

13. When air temperature detected by the temperature sensor
21 is lower than a predetemiined temperature, electrical
power supplying to the electromagnetic clutch 16u is
interrupted, and operation of the compressor 16 is stopped
Thcrcforc, it prcvcnts thc evaporator 15 from frosting.

Further, a heater core ZZ for heanng air usin hot water
from the vehicle engine is disposed at a downstream air side
of the evaporator 15 in the case I'he heater core 22 is
disposed at a leaver side in the case 13 so that a bypass
passage 23 through which cool air having passed through thc
evaporator 15 bypasses the heater core 22 is formed at a siclc
of the heater core 22. Further, a plate-like air mixing door 24
is rotatably disposed adtacent to the heater core 22. By
adjusung a rotation posiuon of. the air mixing door Z4, a ra no
between an air amount passing throu h the heater core 22
and an air amount passing through the bypass passage 23 is
adjusted, and teniperaturc of air blown into thc passenger
compartment 11 is adjusted.

At downstream air end of the front air-condiuoning unn
12, a defroster opening, a face opening and a foot opening
are opened 'I'hose openings are selectively opened and
closed by an air outlet door. Specifically, air from the
dcfrostcr opening is liloivn toward an inner siclc of a front
winclshield, air from the face opening is lilown toward the
head porhon of a passenger on the front seat, aml air from
the foot opemng is blown toward the foot portion of the
passenger on the front seat.

Next, thc rear air-conclitioning unit 25 will bc now
dcscrilicd. Thc rear air-conditioning unit 25 is disposed at a
side position of. the rear seat, for example. The rear air-
condiuomn ~ umt 25 includes a case Z6 for delining an air
passage, a blower 27 for blowing inside air into the case 26,
a rear evaporator 28 (supplementary evaporator) for cooling
air passing therethrough, and a heater core 29 for heating air
using hot water from thc vchiclc cnginc Thc heater core 29
is clisposcd at a doivnstream air side of thc evaporator 28 in
the case 26 to form a bypass passage 30 at 6 side of the
heater core 29. A plate-hke cool air bypass door 31 is
rotatably disposed adlacent to the heater core 29 The cool
air iiypass door 31 opens and closes the cool air bypass
passage 30 in accordance with an air outlet mode of the rear
air-conditioning unit 25 ancl an air amount lcvcl of thc
blower 27.

A rear thermal expansion valve 3Z is provided at a
refrigerant inlet side of the evaporator 28. Similarly to the
front thermal expansion valve 19, hi h-temperature high-
pressure liquid refri erant from the receiver 18 is decom-
pressed in the rear thermal expansion valve 32 into gas-
liquid two-phase rcfrigcrant. The rear thermal expansion
valve 3Z adjusts a valve opemng degree to adlust the
refngerant flow amount, so that a super-heaLing degree of
refrigerant at an outlet of the rear evaporator 28 becomes a
predetermined value

In thc refrigerant cycle R, a rcfri crant inlet side of thc
rear thermal expansion valve 3Z is connectecl to a refngerant
mlet side of the front thermal expansion valve 19 through a
high-pressure pipe 33 disposed umler the floor surlace llu
I'urther, a refrigerant outlet side of the rear evaporator 28 is
connected to a refrigerant outlet side of the front evaporator
15 throu h a low-prcssure pipe 34 disposed under the floor
surt'ace Ila. Thus, in thc rcfri crant cycle R, thc rear
evaporator Zg anil the rear thermal expansion valve 32 are
connected to the Iront evaporator 15 and the Iront thermal
expansion valve 19 in parallel through the high-pressure
pipe 33 and the loiv-pressure pipe 34 Because the high-
pressure pipe 33 and the loiv-pressure pipe 34 are disposed
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in a floor space 35 umler the floor surface 11n of Lhe.

passenger compartment H, the high-pressure pipe 33 anti
thc low-prcssure pipe 34 arc disposed at a lower position
lower than a position of a suction pipe 16ir of thc compressor
16 by a predetermined distance I. (e g, 6()0 mm)

Further, in the rear air-i:onditioning unit 25, a rear lace
opening 36 anil a rear mode door 37 arc provided at a
position immediately downstream from thc rear evaporator
28 m an air-flnwing direction, so that cool air cooled in the
rear evapnrator 28 is blown toivard the head pnrtion of a in
passenger on the rear seat from a ceiling air outlet 38n
through the rear face opening 36 aml a rear face duct 38. On
thc other hanrl, warm air heated in thc heater core 29 is
blown toward the foot area of the passenger on Lhe rear seat
from a rear foot air outlet 39a through a rear foot duct 39.

is
FIG. 2 is a block diagram showing a control of an

electrical control unit (ECU) 40. The ECU 40 is mnstructed
by a micro-computer aml electncal circuits around the.

micro-i:omputer. In arldition to an air temperature Te
detected liy the temperature sensor 21, an outside air tem-
perature Tam, an mside air temperature I'r, a sunlight amount
Ts, a water tcmpcraturc Tw and thr like arc input from a
sensor group 41 into thc ECU 40. Further, operation signals
such as a set temperature of the passenger compartment 11,
an atr amount blown from the blower 14, an inside outside as
air switching mode, an air outlet mode aml an onioff
operation of the compressnr 16 are input into the ECU 40
from a front operatinn panel 42 In addition, operation
signals such as an air amount and an air outirt mode for the
rear-scat side arc input into the ECU 40 from a rear operation
panel 43. Here, it is also possible to input the operanon
signals such as the air amount anil the air outlet motte for the.

rear-seal side from the front operation panel 42.
The ECU 40 performs predetermined calculanons baseri

on the input signals in accordance with a pre-set program,
and outputs control signals tn front and rear components to
control nperations of the electrnmagnetic clutch 16rr, the
blowers 14, 27, the donrs 24, 31 and the like.

Next, nperation ot'he air conditioner ivill he noiv
descrilied I'irst, ivhen hnth the front and rear air-
conditiomng units 12, 25 operate, both thc bloivrrs 14, 27
opcratc so that air is blown from both the blowers 14, 27 to
thc front and rear air-conditioning units 12, 25. Herc, when
an air condinoning switch (A/C switch), that ts, a compres-
sion operation switch of the front operation panel 42 is tu neil
on, electncal pnwer is supplied to the electromagnetic clutch
16a so that the electroinagnetic clutch 16n is turned on
'I'herefore, in this case, the compressor 16 is driven hy the
vchiclc engine

Thus, in the front air-cnnditioning unit 12, air is conied
anil dchumidiiicd by thr evaporator 15, and thereafter, is
hcatcd by the hcatcr core 22. Further, a ratio bctwcen thc air
amount passing through thc heater core 22 and thr air
amount passing through the bypass passage 23 is adt usted by
the air mixing door 24, so that the temperature of air blown
into the passenger compartment is adjusted

On the other henri, in the rear air-conrlinoning unit 25, a
rear face mode anil a rear foot mode are switched by the.

mode dnor 37 t)uring the rear face mode, air having been
cooled and dehumidified by the evaporator 28 is hinwn
toward thc rear scat side of thr passenger compartment from
thc ceiling air outlet 38a through thc rear face duct 38.
Further, during the rear loot motte, air having passed throu h
the evaporator 28 is heated by the heater core 29 to be warm
air, aml the warm air is blov:n towarrl the foot area of. Lhe as
passenger on the rear seat from the rear fnot air outlet 39a
through the rear font duct 39

W'hen both the front anil rear air-conrlinoning units 12, 25
operate simultaneously, the front thermal expansion valve
19 is controlled to have a valve opemng degree correspond-
ing to a heating load of the front evaporator 15, and the rear
thermal expansion valve 32 is controlled to have a valve
opening degree corresponding to a heating load of the rear
evaporator 28. Therefore, refrigerant amount corresponding
Lo Lhe heanng load of. the front evaporator 15 passes through
the front evaporator 15, and refrigerant amount correspond-
ing to the heating load of the rear evaporator 28 passes
through the rear evaporator 28 As a result, the lubrication oil
docs not stay thc loiv-pressure pipe 34 of thc rear air-
conditioning unit 25, for example.

When a passenger is seateil on the front seat while none
passenger is seated on the rear seat in the passenger com-
partment 11, the operation of the rear blower 27 is stopped
by a switch operation in the front operation panel 42 or the
rear operation panel 43. Therefore, conditioncrl air is not
blown into the rear air-imndittontng unit Z5, and the air-
condinomn ~ operation of. Lhe rear air-conrlitioning unit 25 is
stopped. As a result, in this case, only the front air-
conditioning unit 12 operates.

When only thc front air-conrlitioning unit 12 operates, thc
rear thernial expansion unit 32 rcpcats minute opening
closing operanon. Therefore, liquid lubncanon oil stays
within the rear evaporator Zg or Lhe low-pressure pipe 34 at
a refrigerant outlet side of the rear evaporator 28 I urther,
because the loiv-pressure pipe 34 is disposed at the position
lower than the suction pipe 166 of the compressor 16 hy the
predctcrminerl distance L (c.g., 600 mm), thc liquid lubri-
cation oil readily stays in thc loiv-pressure pipe 34.

As a result of expenments, in a dual-type vehicle air
conilitioner where a rear air-conihnoning unit does not have
an electromagnetic valve for the rear evaporator 28, when
the compressor 16 continuously operates in a long time
while only the front air-conditioning unit 12 operates, the
rear thermal expansion valve 32 repeats the minute opening
closing operation in a long time. Thus, in this case, thc liquid
lulirication oil is greatly readily stays in thc low-prcssure
pipe 34, anil an oil-returmng amount into the compressor 16
becomes insuflicient.

According to the present invention, for preventing lubri-
cation oil from staying in the low-pressure pipe 34, the
operation of the compressor 16 is controlled to he forcflily
intcrruptcd when only the front air-conditioning unit 12
operates.

FIG. 3 is a flow diagram showing a control rouhnc of thc
ECU 40. When an auto switch or an air-comlinoning switch
(compressor operanon switch) is turned on, Lhe control
routine of I'IG 3 starts At step S100, si nals detected by the
temperature sensor 21 and the sensor group 41 and operation
signals front thc front anil rear operation panels 42, 43 arc
input. Next, at step S110, it is dctcrmincd whether or not an
air-conditioning (ALC) switch, i.e., the compressor 16 is in
an operaiion state (on-state), based on Lhe input signals
When the immpressor 16 is in the operation state, a nmer is
started at step SI20. At step S130, it is determmed whether
or not the air temperature Te blown from the front evapo-
rator 15, detcctcrl by thi teniperaturc sensor 21, is loivcr than
a first target tcmperaturc TEO1.

In thc embodiment, as shown in FIG. 4, the first target
temperature TEOI (e.g., 3'.) aml a secoml target tempera-
ture TEOZ (e.g., 4'.) are set for the air temperature Te. By
comparing the lirst and second target temperatures TEOI,
TEO2 and an actual air temperature Te, an onioff operation
signal of the electrontagnetic clutch 16n is generated By



U,"I 6.266,967 Bl

setting a temperature dilTerence between the lira( and second
target temperatures TEOI, TEO2, a hysteresis is set in ihe, on
and ofi'perations of thc electromagnetic clutch 16u, so that
frcqucnt interruptions of thr compressor 16 arc prcvcntcd.

Next, when the actual air temperature Te blown from Ihe.

front evaporator 15 is lower than Ihe lirst target temperature
TEOT at step S130 in FIG. 3, thc electromagnetic clutch 16a
is turned oft'nd thc compressor 16 is stopped at step S140.
Next, the timer count is cleared to zero at step S150, and
thereafter it is determined ivhether or not the actual air
tcmpcraturc Tc blown from thc front evaporator 15 is higher
than thc second target tcmpcrature TEO2 at step S160. Until
if is determined thai the actual air temperature Te is higher
than the second target temperature TEO2 at step S16U, Ihe.

stop state of the compressor 16 is continuously maintained
When it is determined that the actual air temperature Te
liecomes higher than the second target temperature TL'02 at
step S160, thc elcctromagnctic clutch 16n is turned on at
step S170, and the compressor 16 is operated.

On thc other hand, when the actual air temperature Tc is au
equal to or higher than thr first target temperature TEOI at
step S130, it is determined whether or not a tinier time t for
which the compressor 16 is continuously operated becomes
equal to or longer than a set time tx. The set time tx is sei
to a predetermined time within 3(f— I20 minutes When the
timer time t becomes equal to or longer than the set time tx
at step S180, thc electromagnetic clutch 16u is forcibly
interrupted by number N of interruptions at step S190. After
thc latest number interruption, the electromagnetic clutch
16u is maintained ai the olT state ai step S190. Next, the
timer count is cleared to zero at step S2UU, and ii is
determined ivhether or not the actual air temperature Te
blown from the front evaporator 15 is higher than the second
target tcmpcraturc TEO2 at step S210. Until it is determined
that thc actual air tempcraturc Tc is higher than the second
target tcmpcrature TEO2 at step S210, thr stop state of the
compressor 16 is conhnuously maintainecf. When ii is deter-
mined that the actual air temperature Te becomes higher than
the second target temperature TL'02 at step S210, the
electromagnetic clutch 16n is turned on at step S170, and the
compressor 16 is operated.

I'IG 5 shows a forcible interruption control of the com-
pressor 16 when only the front evaporator 15 (i e, front
air-conditioning unit 12) operates. During the forcible inter-
ruption control of thc compressor 16, the operation of the zs
compressor 16 is forcibly intcrruptcd. In thc horizontal axis
in FIG. 5, time "h" is a clutch-olT ume cfuhng the forcible.
interrupuon control, aml time "H's a clutch-on time dunng
the forcilile interruption control The number N of the
interruptions of the forcible interruption control indicates the
clutch-off number of thc electromagnetic clutch 16n. Thus,
in FIG. 5, thc number N of interruptions during thc forcible
interruption control is three.

As shoivn in FIG. 5, during thr forcible interruption
control of thc clcctromagnrtic clutch 16n, refrigerant prcs- ..
sure at a low-pressure side for the rear seat side and Ihe air
temperature Te blown from the evaporator 15 are increased
when the electromagnetic clutch 16 is turnecf olT, aml are.

decreased ivhen the electromagnetic clutch 16 is turned on
On the other hand, when only the front air-conditioning unit su
12 opcratcs, oil-circulating percentage within the refrigerant
cyck is dccrcascd to about I.S'7a with the continuously
operatton of the compressor 16. However, the oil-circulating
percentage within the refngerani cycle is increasecf siepwise
by Ihe forcible interruption control of the electromagneuc as
clutch 16n. In the embodiment, with the forcible interruption
of the compressor 16, the refrigerant pressure at the low-

pressure side for the rear seat is changed. That is, the
refrigerant pressure at the low-pressure side fnr the rear seat
is decreased when the compressor 16 is turned on, ancl the
rear thermal expansion valve 32 is forcibly opened

Here, a valve-opening operation of the rear thermal
expansion valve 32 duwng Ihe forcible interrupuon control
is described. When ihe refngerant pressure at the low-
pressure side for the rear seat is increased ivhile the elec-
tromagnetic clutch 16u is turned off, temperature of the
tcmpcraturc scnsin portion of thc rear thermal expansion
valve 32 is incrcascd. Thereafter, thc compressor 16 is
re-started, aml the refngerant pressure at Ihe low-pressure
side for the rear seat is decreased. Thus, a pressure dilTerence
is generated in the diaphragm portion of Ihe rear expansion
valve 32 in a valve-opening direction, and the rear thermal
expansion valve 32 is forcibly opened. I'hus, a predeter-
mined refrigerant amount flows into thc rear evaporator 29
throu h the rear thernial expansion valve 32, and lubrication
oil slaying in Ihe low-pressure pipe 34 and the rear evapo-
rator 29 is pushed to be returned Io the suction side ol'he
compressor 16.

As a result, the oil-circulating percentage within the
rcfri erant cycle is improved, thc oil amount returning to thc
compressor 16 is prevcntccl from bein insufhcient, and
lubncation performance of the compressor 16 is improved
when only Ihe front air-concliiioning unit 12 operates. Here,
the oil-circulating percentage cffr, (0('p) ivithin the refnger-
ant cycle is calculated by the following formula

OCP=ZOA(coxtRII IOOI "ri

ivherein I.OA is the lubrication oil amount returning to the
compressor 16, and RA is thc refrigerant amount returning
to thc compressor 16.

For example, the oil-circulatmg percentage (OCP)
measured by ihe following method. That is, in the hquid
refwgerani at a downstream refrigerant side of ihe receiver
18 of the refrigerant cycle, by using the characteristics in
which ultraviolet rays are absorbed in the lubrication oil and
are not adsorbed in thc refrigerant, an absorbancc of ultra-
violet rays duc to thc lulirication oil is measured so that thc
oil-circulahng percentage (OCP) is calculated.

Next, ihe sei hme tx, Ihe clutch-olT lime h, the clutch-on
lime H and the number N of Ihe interruptions will be
descrilied.

I'irst, the set time tx of an operation interval is described
After thc air-conditionin switch (i.c., compressor operation
switch) is tumed on, when thc compressor 16 continuously
operates when only Ihe front air-conclitioning unit 12
operates, lubncahon oil stays in Ihe low-pressure pipe 34
and the like, aml the oil-circulating percentage in the refng-
erant cycle is decreased as time passes A necessary oil-
circulating percentage of the compressor 16 is different from
each other by the rotation speed of thc compressor 16
Howcvcr, durin an engine-idling, thc rotation spccd of the
compressor 16 is approximately maintained at a predeter-
mined speed. Therefore, ii is chllicult Io return the stayecl
lubncation oil by the variation of the rotahon speecl of the
compressor 16 'Ilius, in the embodiment, the necessary
oil-circulating percentage (e g., I 5/c m I I(i 5) clunng the
cn inc-idlin is sct to a lowest value. A time for which thc
necessary oil-circulating pcrccntage is dccrcasccl to thc
lowest value is measured, anil the hme is sei as the maxi-
mum time of the sei iime ix. The maximum hme ol. Ihe sei
time tx is 120 minutes.

On the other hand, when the set time tx of the operation
interval is made shorter, the electroma netic clutch lsu is
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frequently interrupted, and rfurabilily of. Ihe electromagnetic
clutch 16a is ilecreased. From Ihe point of the durabilfly of.

thc clcctromagnetic clutch 16a, thr minimum tinie of thr sct
tcmpcraturc tx of the operation interval is srt to 30 niinutrs.
As a result, the set time tv of the operatinn interval is set in
a range of 30— 120 minutes (i e., 30 ntinutesetxe I20
minutes).

Next, the clutch-olT time h will be now descnbed. When
thc clcctromagnctic clutch 16a is turned ofl during thr
forcible interruption control of thc electromagnetic clutch io
16a, the air temperature Te bfnwn from the front evaporator
15 is increased as shown in 11G. 5 An increase ratio of the
air temperature Te blov:n from the evaporator 15 is increased
as the air amount blown by the from Ihe blower 14 increases.
In thc cmbodimcnt, the clutch-off time h is sct so that
unpleasant fcclin is not given to a passenger even during "
the maximum air amount of the front blower 14 I lere, when
a temperature increase width 6 I'here the passenger does
not sense an unpleasant feeling during the maximum air
amount of the front blower 14 is expenmentally set Lo 5'.,
thc clutch-off time h is calculated so that thc /LT is equal to co

or lower than 5'. The calcu lalerf clutch-olT time h ts equal
to or shorter than 10 secomls (i.e., h 2 10 seconrfs).

On the other hand, tvhen the clutch-off time h becnmes
shorter, an increased width API shown in 11G 5 becnmes
little during the clutch-off time h I'herefore, an opening xs
dcgrcc of thc rear thermal expansion valve 32 becomes
insufficicnt during thc clutch-on time H, and thc oil-
returning percentage is insuificienl. For sulficienlly increas-
ing the opening degree of the rear thermal expansion valve.
32, it is necessary to set the clutch-ofl time to be equal to of .io

longer than three seconds
Thus, in the embodiment, the clutch-off time h is set in a

range of 3—10 seconds (i.r., 3 secondsSh~10 seconds).
Next, thc clutch-on time H will be now dcscribcd. When

the clutch-on time H is made longer, decreasing degrees of. is
the refngeranl pressure at Ihe low-pressure inde aml Ihe
oil-ctrculaling percentage within the clutch-on time. H
become longer, and the interruptinn number N is increased
'I'herefore, from this point, the clutch-nn time I I is set to be
equal to or shorter than 20 seconds. so

Conversely, when thc clutch-on time H is made shorter, a
decrease width of air temperature Te blown from the evapo-
rator 15 rfue to clutch-on operation becomes lfllle.
Therefore, the same result as a case where the clutch-olT time.
h becomes longer is caused, and an unpleasant feeling is Ls

given to the passenger I'rom this pnint, the clutch-on time
H is sct to bc equal to or longer than 5 seconds. Thus, in thr
cmborhmcnt, the clutch-on time H is srt in a range of 5—20
seconrls (i e., 5 seconds~H=-20 secomls).

Further, the number N (i.e., interruption number N) of. Ihe so

interruptions during the forcible interruption control will be
now descnbed As shnwn in HG 5, as the interruption
number (clutch-off number) increases, the oil-returning per-
ccntagc is incrcascd. When thc three interruptions are
pcrformcd, thc oil-circulating percentage is returned to an ..
inihal level at which the air i omhnoning sv itch is turned on.

From this point for improving Ihe lubrication
performance, LI is necessary to sel the inlerrupnon number N
to be equal to or larger than 2, because the oif-circulation
percentage is insuflicient tvhen the interruptinn number N is
sct to I (i c., N=1). On thc other hand, when thr interruption
number N incrcascs, the air temperature Te from thc front
evaporator 15 increases, anil unpleasant feeling is given io
the passenger. Thus, in Ihe embodiment, the interruption
number N is sel in a range of. 2—5 (i e., 2=-¹5). 66

In the experiments shown in I'IG. 5, the tv is set to 90
minutes (i.e., tx=90 minutes), the clutch-ofl'ime h is set to

5 seconds (i.e., h 5 seconds), the clutch-on lime H is set to
10 seconds (i.e., H=10 seminds), and Ihe interruption num-
ber N is sct to 3 (i.c., N-3). As shown in FIG. 5, when an
incrcascd vvidth kps clue to thc forcilile interruption control
of the compressor 16 liecomes equal to or larger than 0 17
Mpa, the oif-circvtlating percentage is increased to the initial
level al which the air-conditioning (A/C) switch is turned on.

Although Ihe present invention has been fully described in
connection with the prcfcrrcd embodiment thereof with
rcferencc to thc accompanying rlrawings, it is to be noted
that various changes and modifications will become appar-
ent to those skilled in the art.

In Lhe above-described embodiment of the present
invention, at step S110 in FIG. 3, il is determined whether
or not thc compressor 16 (i.c. the air conditioning switch) is
in thc operation state. However, at step S110, it may bc
determined ivhether or not the compressor 16 (i e. the air
conditioning switch) is turned on and whether or not only the
front air-condinoning urn( 12 operates.

In Lhe above-described embodiment of the present
invention, when thc compressor 16 operates continuously
for the sel lemperalure Ix, Lhe operauon of the ixtmpressor 16
which is a fixed capacity type is forcibly interrupted from an
outside so that the refri erant pressure of the low-pressure
side for the rear seat is changed I lowever, as the compressor
16, a capacity-variable type compressor may be used. In this
case, by forcibly chan in thc capacity of thc capacity-
variablc type compressor, the refrigerant prcssure of thc
low-pressure side for the rear seat may be chan ed.

Further, as Ihe nimpressor 16, an electncal mtmpressor
driven by a motor may be used In this case, by forcflily
changing the rotation speed of the electncal compressor, the
refrigerant pressure of the low-pressure side for the rear seat
is changerl.

Such changes anil modifications arc to bc understood as
being within Ihe scope of. the present invennon as delined by
Ihe appended claims.

What is claimed is.
1. A refrigerant cycle systeln comprisin
a compressor fiir compressing and dischargin ~ refnger-

ant;
a condenser lor cooling anil condensing gas refrigerant

rhscharged from said compressor,
a lira( pressure-reducing umt for decompressing and

expamhn ~ liquid refrigerant from sairl comlenser,
a first evaporator for evaporating rcfrigcrant from said

Iirsl pressure-reducing uniL,

a first lilowcr for blowing air toward sairl first evaporator;
a second pressure-reducing unit for decompressing and

expanding liquirl rcfri crant from said condenser, said
second pressure-reducing unit bein disposed parallel
lo saiil lirst pressure-reducing unit, relative to a refng-
eranl flow direction;

a second evaporator for evaporatin refrigerant from said
second pressure-reducing unit, said second evaporator
being disposed parallel to said Iirsl evaporator relanve
Lo the refrigerant flow direction;

a second blower for blowing air toward said second
evaporator, aml

a control unit that controls operation of said compressor
Lo change a refngeranl pressure at a suction stile of said
compressor when a continuous operation lime of said
compressor passes a predetermined time after said
compressor operates,

wherem said seconil pressure-reriucing umt is a thermal
expansion valve ivhich adjusts a super-heatin degree
of refrigerant at an outlet of said second evaporator.



US 6.266,967 Bl
12

2. The refrigerant cycle system according lo claim 1,
wherein

said first evaporator is a main evaporator which is mainly
used with the operation of said coniprcssor; and

saill seconfl evaporator is a supplementary evaporator
which is selectively used during the operation of said
compressor.

3. Thc rcfrigcrant cycle system according to claim 1,
whcrcin said control unit forcibly interrupts thc operation of
said compressor by prcdctermincd number of plural inter- in

rupttons dunng a forcible interruption control of said
compressor, when Ihe continuous operation ume of said
compressor passes the predetermined time after said com-
pressor operates

4. Thc refrigerant cycle system accordin to claim 3, 15

whcrcin said control unit controls an interruption operation
of said compressor in accordance with an air temperature
blown from said first evaporator.

5. The refiageranl cycle system according to chiim 3,
wherein the predetermined time is set in a range of 3(f-(20 o

minutes.
6 The refrigerant cycle system according to claim 3,

whcrcin.
saill control unit interrupts the operation oi. Said compres- "5

sor for an interruption time, in each inlerrupuon dunng
said forcible interruptiml control of said compressor;
and

said interruption time of said compressor is in a range of
3—10 seconds. lf)

7. The refiageranl cycle system according to chiim 3,
wherein

said compressor operates for each operation time, during
said forcible interruption control of said compressor;
anil 55

each nperation time of said compressor is in a range of
5 —20 secnnds

8. Thc refrigerant cycle system accordin to claim 3,
whcrcin

the predetermined number of said interruptions of. said to

compressnr is number of stops of said compressor,
during said forcible interruption control nf said com-
pressor; and

the predetermined number of said interruptions of. said
SS

compressor is in a range of. 2—5.
9. The refrigerant cycle system according lo claim 1,

wherein
said compressor is a capacity-variable type compressor;

anrl 50

saill control umt forcibly changes a capacuy of. Sail(

compressor, when the continuous operation time of said
compressor passes the predetermined time after said
compressor operates.

10. Thc refrigerant cycle system according to claim 1,
wherein

said compressor is an electrical compressor; and

said control unit forcibly changes a rotation Speed of said
compressor, when thc continuous operation tinie of said
compressor passes Ihe predetermined lime aller sail( fo

compressor operates.
11 The refngeranl cycle system according to claim 1,

further compnsing
a drivin unit for driving said conipressor; and

a clutch through which a driving force from salfl drivin ~

unit is supplied to said cnmpressor,
wherein said control unit forcibly changes nperation of

said clutch, when the continuous operation time of said
compressor passes thc prerlctcrmincrl time after said
compressor opcratcs.

12. The refrigerant cycle system accorfling Io claim 4,
wherein send control unit performs said forcible interrupuon
control of saill compresw)r, when the air temperature from
said first evaporator is larger than a predetermined tempera-
ture

13. Thc rcfrigcrant cycle system accorrlin to claim 12,
wherein said control unit performs said forcifflc interruption
control of said compressor, when operation of said second
evaporaior slops.

14. An air condinoner flir a vehicle having a passenger
compartment, comprising

a front air-conditioning case for defining a first air passage
through which air is bloivn toward a front seat side of
the passcngcr compartment;

a rear air-conditioning case for defining a second air
passage through which air is blown toward a rear seat
side of the passen cr compartment,

a compressor for compressing and discharging refnger-
anl;

a condenser for cooling and condensing gas refrigerant
discharged from said compressor;

a first pressure-reducing unit for decompressing and
expanding liquid refrigerant from said condenser;

a fit'sl evapomlor for 1:vapol'atltlg I'efl'lgemnt from sall(
tirst pressure-reducing unit, said hrst evaporator being
disposed in said front air-conditioning case lo cool air
passing thcrcthrough;

a first blower for bloiving air toivard said first evapnrator;
a second pressure-reducing uml for decompressing and

expamhng liquid refngeranl from said conftenser, said
second pressure-reducing unit being disposed parallel
to said first pressure-reducing unit relative lo a refrig-
erant flow direction;

a second evaporator for evaporating refngerant from said
second pressure-reducin unit, said second evaporator
bein disposed in sairl rear air-conrlitioning case to cool
air passing thcrethrough, parallel to said first evapora-
tor relative to the refngeranl flow direction,

a second blower for blowing air toward said second
evaporator; and

a control unit that controls operation of sairl compressor
to change a refrigerant prcssure at a suction Side of sairl
compressor when a continuous operauon ume of said
compressor passes a predetermined ume after said
compressor'pf:rates,

wherein said second pressure-reducing umt is a thermal
expansion valve which adlusls a super-heaung degree
of refrigerant at an outlet of said second evapnrator

15 'I'he air conditioner accnrding to claim 14, further
comprising

a loiv-pressure pipe through ivhich refrigerant from an
outlet side of said second evaporatnr is introduced into
a refrigerant suction pipe of said compressor,

wherein said loiv-pressure pipe is dispnsed at a position
lower than said refri erant suction pipe.


